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Abstract: Lissodendrin B is a 2-aminoimidazole alkaloid bearing a (p-hydroxyphenyl) glyoxal moiety
that was isolated from the Indonesian sponge Lissodendoryx (Acanthodoryx) fibrosa. We reported the
first efficient total synthesis of Lissodendrin B. The precursor 4,5-disubstituted imidazole was obtained
through Suzuki coupling and Sonogashira coupling reactions from 4-iodoimidazole. C2-azidation and
reduction of the azide then provided the core structures of Lissodendrin B. Subsequent triple-bond
oxidation, demethylation, and deacetylation gave the final product. The synthesis approach consists
of ten steps with an overall yield of 1.1% under mild reaction conditions, and it can be applied for
future analog synthesis and biological studies.
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1. Introduction

Marine alkaloids offer significant advantages for the discovery of leading compounds because of
their unique, complex structures and diverse bioactivities [1]. Unfortunately, most marine alkaloids are
isolated in very small quantities, which limits further studies to generate combinatorial libraries for drug
discovery and compound leads optimization. Therefore, efficient chemical synthesis of marine alkaloids
in greater quantities is necessary for their usage in bioactivity studies. 2-aminoimidazole alkaloids, the
most commonly investigated representative marine alkaloid, are found primarily in calcareous sponges,
especially in the genera Leucetta and Clathrina [2-5]. These compounds have been extensively studied
because of their various biological activities, including anticancer [3-5], antimicrobial [2,6], antivirus
properties [7,8], P-gp-mediated MDR reversal activity [9] as well as leukotriene B4 receptor [10] and
epidermal growth factor (EGF) receptor antagonist activities [11]. Therefore, efficient synthesis of
2-aminoimidazole compound is subject to increasing demand. There are two major approaches for
preparation of 2-aminoimidazole compound: (1) the condensation of «-haloketone with an acetylated
guanidine [12] or condensation of an x-aminoketone with cyanamide [13] and (2) functionalization of
imidazole scaffold via protection, C2-amination, and deprotection [14,15].
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The secondary metabolites, Lissodendrin A and Lissodendrin B (Figure 1) were isolated from
the ethyl acetate fraction of the sponge Lissodendoryx (Acanthodoryx) fibrosa in 2016 and structural
elucidation of these compounds was achieved using spectroscopic techniques. Lissodendrin A and
Lissodendrin B possess unprecedented 2-aminoimidazole skeletons with the latter compound bearing
a (p-hydroxyphenyl) glyoxal moiety, which is rarely encountered in natural products. The new natural
alkaloid 11 is devoid of cytotoxicity to the L5178Y mouse lymphoma cell line at a dose of 10 pg/mL [16].
The precedent of diverse biological activity of 2-aminoimidazole alkaloids, coupled with the lack
of synthetic methods available to date, argues well for its synthesis to support further biological
evaluation. Herein, we reported the first successful and efficient total synthesis of Lissodendrin B
involving Suzuki coupling and Sonogashira coupling reactions and we constructed the precursor
4,5-disubstituted imidazole. C2-azidation and reduction of the azide then provided the core structures
of Lissodendrin B, and subsequent triple-bond oxidation, demethylation, and deacetylation led to the
completion of the synthesis. All the compounds thus synthesized were fully characterized by 'H, 13C,
and HRMS.
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Figure 1. Structures of Lissodendrin A and Lissodendrin B.

2. Results and Discussion

2.1. Retrosynthetic Analysis of Lissodendrin B

Scheme 1 illustrates the retrosynthetic pathway of Lissodendrin B. From the retrosynthetic
analysis, we envisioned that the natural product could be produced by deacetylation [17] from
acetamide 10, which was obtained from triple-bond oxidation [18,19] and demethylation [20] of the
key intermediate 8. We initially anticipated that compound 8 could be produced through Sonogashira
coupling reaction [21] from compound 12, whose core moiety, 2-aminoimidazole skeletons, could be
prepared by the condensation of x-haloketone 13 with an acetylated guanidine (Route 1) [12]. However,
when we applied this strategy to our compound synthesis, the formation of compound 8 proceeded
unsuccessfully via Sonogashira coupling reaction. We speculated that the electron-donating effect of
acetamino group generated increasing electron clouds at the imidazole ring, leading to the reaction not
occurring. Then, we attempted another approach (Route 2), in which the 2-amineimidazolone skeleton
of intermediate 8 was constructed from the C2-azidation [14,15] and reduction [22] from intermediate
5, which could be prepared by Sonogashira coupling reaction and Suzuki coupling reaction [23] from
easily accessible starting material 1.
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Scheme 1. Retrosynthetic analysis of Lissodendrin B.

2.2. Synthesis of Lissodendrin B

Scheme 2 shows a successful synthetic approach developed for production of Lissodendrin
B. The synthesis commenced with the preparation of 4-(4-methoxyphenyl)-1H-imidazole 2, using
Pd(PPhg), as the catalyst and CsF as the base. The 4-iodoimidazole was treated with 4-methoxyphenyl
boronic acid via Suzuki—Miyaura cross-coupling reaction in combined solution of toluene and water
(V/V = 5/1) afforded the desired cross-coupling product 2 at a yield of 82% [23]. To introduce the
4-methoxyphenylacetylene by Sonogashira coupling reaction, iodization of arylimidazole 2 with NIS
provided iodoimidazole 3 as a white solid at a yield of 79% [24]. The optimal conditions entailed
the slow addition of 1.2 equiv. of NIS to avoid the formation of diiodide side-product. Sonogashira
reactions of compound 3 with 4-methoxyphenylacetylene proceeded smoothly in the presence of
Pd(PPh3), and Cul as catalysts and triethylamine as the base, affording coupling products 4 at a yield
of 70% as a light-yellow liquid [21]. Using triethylamine as a catalyst, protection of the imidazole
nitrogen with triphenylmethyl chloride at 45 °C in CH,Cl, gave the known N-trityl imidazole 5 at 77%
yield as a white solid [25]. Deprotonation of the imidazole 5 at C2 positions with n-BuLi in THF at
—78 °C and trapping with TsN3 provided the azide 6 at 46% yield as a white solid [14,15]. Subsequent
treatment with NayS-9H,O in methanol at room temperature led to the reduction of the azide to amine
7 at good yield as a brown-yellow solid [22]. Acetylation of amine 7 with acetic anhydride in CH,Cl,
in the presence of triethylamine at reflux gave the corresponding acetamide, which was treated with
concentrated hydrochloric acid causing removal of the trityl group, resulting in the expected compound
8 forming at a yield of 62% (in two steps).

With amide 8 in hand, oxidation of the triple-bond was performed to construct the corresponding
a-diketone structure. At the outset, KMnO4 and NaHCO3; were used to convert compound 8 to
a-diketone 9 [18]. The desired compound 9 was formed, but the yield thereof was poor (17%).
Numerous attempts to optimize the reaction conditions through varying KMnO4 and NaHCO3
equivalents, solvent or order of addition were unsuccessful (Table 1). Subsequently, mercuric nitrate
hydrate was used for this transformation [19]. It was encouraging that the triple-bond of amide 9 was
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successfully converted into «-diketone 9 at a yield of 51% as a yellow solid using mercuric nitrate
hydrate (2 equiv.) in DMF at room temperature.

OH
9 10 Lissodendrins B (11)

Scheme 2. Synthesis of Lissodendrin B. Reagent and conditions: (a) 4-methoxyphenylboronic
acid, Pd(PPhs)y, CsE toluene, H,O, 100 °C, 24 h, 82% (b) NIS, CHyCl,, rt, 4 h, 79%;
(c) 4-methoxyphenylacetylene, Pd(PPhs)s, Cul, TEA, DMF, 80 °C, 8 h, 70%; (d) Ph3CCl, TEA, CH,Cl,,
reflux, 4 h, 77%; (e) n-C4HgLi, TsN3, THE, -78 °C, 6 h, 46%; (f) NayS-9H,O, CH3OH; r.t., 4 h, 69%;
(g) (1) AcyO, TEA, CH,Cly, reflux, 4 h; (2) HCI, CH30H, r.t., 4 h, 62%; (h) Hg(NOs3),, DME r.t., 4 h, 51%;
(i) BBr3, CH;,Cly, r.t., 4 h, 66%; (j) concentrated HySO,, CH30H, H,O, reflux, 4 h, 51%.

Table 1. Optimization of oxidation of the triple-bond.

Catalyst (equiv.) Base Solvent Temperature Time (h) Yield (%)
KMnOy (2 equiv.) NaHCO;3 (1 equiv.) Acetone 0°C-rt. 4 17
KMnOjy (2 equiv.) NaHCOs (1 equiv.) THE 0°C-rt. 8 10
KMnOy (4 equiv.) NaHCO;3 (2 equiv.) Acetone 0°C-rt. 8 20
Hg(NO3); (2 equiv.) — DMF 0°C-rt. 2 51

At this juncture, with core structure 9 in hand, we further performed functional modification,
including demethylation and deacetylation: to our surprise, demethylation of x-diketone 9 was
accomplished using BBr3 (5 equiv.) in CH,Cl, at ambient temperature giving the corresponding
diphenol 10 at a yield of 66% as a yellow solid [20]. Finally, the acetyl moiety of diphenol 10
was removed by using concentrated sulfuric acid in combined solution of methanol and water
(V/V =2/1) at 80 °C to give Lissodendrin B at a yield of 51% as a yellow solid [17]. It is noteworthy that
the a-diketone moiety of Lissodendrin B is stable below 80 °C.

Thus, we completed the first total synthesis of Lissodendrin B in ten steps with an overall yield of
1.1%. Spectra of the synthesized Lissodendrin B were in excellent agreement with that of the natural
product [16].
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3. Materials and Methods

3.1. General Information

Dichloromethane and tetrahydrofuran were dried by distillation. All reagents used in the
experiments were obtained from commercial sources without further purification. Reactions were
monitored by thin layer chromatography (TLC). Visualization was achieved under a UV lamp
(254 nm and 365 nm), and developed the plates with potassium permanganate. Flash column
chromatography was performed on a silica gel (200-300 mesh). 'H NMR and '3C NMR spectra were
taken on Jnm-Ecp-600 spectrometer, respectively, 'H NMR and '*C NMR spectra were referenced to
tetramethylsilane (Me45i). High resolution (ESI) MS spectra were recorded using a QTOF-2 Micromass
spectrometer (Supplementary Materials).

3.2. Methods

3.2.1. Synthesis of 4-(4-Methoxyphenyl)-1H-imidazole (2)

To a solution of 4-iodoimidazole 1 (15 g, 77.3 mmol ) in toluene (300 mL) and H,O (100 mL) was
sequentially added 4-methoxyphenylboronic acid (23.5 g, 155 mmol), Pd(PPh3)4 (8.9 g, 7.7 mmol),
CsF (23.5 g, 155 mmol) and N, was bubbled it for 3-5 min. The heterogeneous mixture was stirred at
100 °C for 24 h under N, atmosphere. The reaction mixture was cooled to room temperature and water
was added, layers were separated. The aqueous layer was extracted with ethyl acetate (2 x 200 mL).
The combined organic extracts were washed with brine, dried (anhydrous Na,;SO,) and concentrated.
The crude residue was purified by flash chromatography (CH,ClL,/CH3OH, 30:1) to give product 2
(11 g, 82%) as a white solid. 'H NMR (500 MHz, DMSO-dg) § 12.13 (s, 1H), 7.66 (d, ] = 8.9 Hz, 3H), 7.41
(s, 1H), 6.92 (d, ] = 8.7 Hz, 2H), 3.75 (s, 3H). 1>*C NMR (101 MHz, DMSO-dy) § 159.13, 138.80, 128.71,
114.41, 55.66. HRMS calcd for C19H;;ON; [M + HJ* 175.0866, found 175.0864. Spectroscopic data
agrees with those previously reported [23].

3.2.2. Synthesis of 5-lodo-4-(4-methoxyphenyl)-1H-imidazole (3)

To a stirring solution of Compound 2 (11 g, 63.1 mmol) in anhydrous CH,Cl, (300 mL) was
added NIS (17.0 g, 75.7 mmol) in several portions. After stirring for 4 h at room temperature. The
solvent was removed under vacuum, the residue was poured into saturated NaHCOj3 solution and
extracted with ethyl acetate (2 x 300 mL). The combined organic layers were washed with water brine,
dried (anhydrous NaySOy) and concentrated. The crude residue was purified by silica gel column
chromatography (CH,Cl/CH30H, 50:1) to give compound 3 (15 g, 79%) as a white solid. "H NMR
(500 MHz, DMSO-dg) & 12.65 (s, 1H), 7.62 (m, 3H), 7.03 (d, | = 8.2 Hz, 2H), 3.79 (s, 3H). 3C NMR
(101 MHz, DMSO-dg) 6 158.30, 136.32, 136.06, 125.98, 114.43, 113.40, 55.52. HRMS calcd for C;9H;oON,I
[M+ HJ* 300.9832, found 300.9826.

3.2.3. Synthesis of 5-(4-Methoxyphenyl)-4-((4-methoxyphenyl)ethynyl)-1H-imidazole (4)

To a solution of Compound 3 (15 g, 50 mmol) in DMF (200 mL) was added
4-methoxyphenylacetylene (9.9 g, 75 mmol), Pd(PPh3); (5.8 g, 5 mmol), Cul (950 mg, 5 mmol),
triethylamine (208 mL, 150 mmol) and N, was bubbled it for 3-5 min. The reaction mixture was stirred
at 100 °C for 8 h under N, atmosphere. The reaction mixture was cooled to room temperature and the
solvent was removed under vacuum. The residue was poured into water and extracted with ethyl
acetate (2 X 300 mL). The combined organic layers were washed with water, brine, dried (anhydrous
NaySOy) and concentrated. The crude residue was purified by silica gel column chromatography
(CH,Clp/CH30H, 50:1) to give compound 4 (10.6 g, 70%) as a yellow oil. 'H NMR (400 MHz,
Chloroform-d) 6 8.04 (d, ] = 8.8 Hz, 2H), 7.66 (s, 1H), 7.44 (d, | = 8.8 Hz, 2H), 6.97 (d, ] = 8.9 Hz, 2H), 6.87
(d, ] = 8.8 Hz, 2H), 3.84 (s, 3H). 3.83 (s, 3H). '*C NMR (101 MHz, Chloroform-d) § 159.77, 159.17, 135.03,
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132.84, 127.34, 124.81, 115.08, 114.13, 114.08, 94.17, 80.25, 55.35, 55.32. HRMS calcd for C19H1;0,N,
[M + HJ* 305.1285, found 305.1276.

3.2.4. Synthesis of 5-(4-Methoxyphenyl)-4-((4-methoxyphenyl)ethynyl)-1-trityl-1H-imidazole (5)

To a stirring solution of Compound 4 (10 g, 32.9 mmol) in anhydrous CH,Cl, (200 mL) was added
triphenylmethyl chloride (13.8 g, 49.4 mmol) and trimethylamine (22.8 mL, 164.5 mmol). After stirring
for 4 h at reflux, the solvent was removed under vacuum, the residue was poured into saturated
NaHCOj; solution and extracted with ethyl acetate (2 x 200 mL). The combined organic layers were
washed with water, brine, dried (anhydrous Na;SO,) and concentrated. The crude residue was purified
by silica gel column chromatography (petroleum ether/ethyl acetate, 4:1) to give compound 5 (13.8 g,
77%) as a white solid. 'H NMR (400 MHz, Chloroform-d) & 8.15 (d, ] = 8.9 Hz, 2H), 7.48 (d, ] = 0.9 Hz,
1H), 7.34-7.28 (m, 15H), 6.95 (d, ] = 8.9 Hz, 2H), 6.78 (d, ] = 8.8 Hz, 2H), 6.72 (d, ] = 8.9 Hz, 2H), 3.85 (s,
3H), 3.78 (s, 3H). 13C NMR (101 MHz, Chloroform-d) & 159.39, 159.07, 145.40, 141.73, 139.11, 132.23,
130.24,128.16, 127.94, 127.81, 127.73, 127.55, 126.85, 115.22, 113.70, 112.98, 100.30, 80.45, 76.07, 55.33,
55.25. HRMS calcd for CzgHz1O,N, [M + H]* 547.2380, found 547.2378.

3.2.5. Synthesis of 2-Azido-5-(4-methoxyphenyl)-4-((4-methoxyphenyl)ethynyl)-
1-trityl-1H-imidazole (6)

Compound 5 (3.0 g, 5.5 mmol) in anhydrous THF (200 mL) was cooled to =78 °C and n-BuLi
(11 mL, 27.5 mmol, 2.5 M in solution in THF) was added dropwise. After complete addition of the
n-BulLi, the reaction was stirred for 2 h at —78 °C, then TsN3 (4.4 g, 22.0 mmol) dissolved in anhydrous
THF (15 mL) was added. The reaction mixture was allowed to room temperature and stirred for
4 h. The reaction was quenched carefully with saturated aqueous NH4Cl and extracted with ethyl
acetate (2 X 200 mL). The combined organic layers were washed with water, brine, dried (anhydrous
Na;SO4) and concentrated. The residue was purified by silica gel column chromatography (petroleum
ether/ethyl acetate, 15:1) to give compound 6 (1.5 g, 46%) as a white solid. 'H NMR (400 MHz,
Chloroform-d) 6 8.10 (d, ] = 8.8 Hz, 2H), 7.54-7.47 (m, 6H), 7.33-7.28 (m, 6H), 7.27-7.22 (m, 3H), 6.93 (d,
J =9.0 Hz, 2H), 6.83 (d, ] = 9.0 Hz, 2H), 6.76 (d, ] = 8.9 Hz, 2H), 3.85 (s, 3H), 3.81 (s, 3H).*C NMR
(101 MHz, Chloroform-d) 6 159.33, 159.17, 145.33, 143.69, 142.28, 142.03, 134.67, 133.00, 132.40, 129.87,
129.74,127.97, 127.87, 127.63, 127.22, 126.98, 126.25, 115.35, 113.73, 113.60, 111.11, 101.86, 81.30, 76.52,
55.32, 55.28. HRMS calcd for C3gH30O,N5 [M + H]* 588.2325, found 588.2328.

3.2.6. Synthesis of 5-(4-Methoxyphenyl)-4-((4-methoxyphenyl)ethynyl)-1-trityl-
1H-imidazol-2-amine (7)

To a stirring solution of Compound 6 (1.5 g, 2.6 mmol) in CH3OH (100 mL) was added Na,S-9H,0
(5.3 g, 26 mmol). After stirring for 4 h at room temperature, the solvent was removed under vacuum.
The residue was poured into water and extracted with ethyl acetate (2 X 100 mL). The combined
organic layers were washed with water, brine, dried (anhydrous Nay;SO4) and concentrated to give
compound 7 (1 g, 69%) as a yellow solid. (Compound 7 was used in the next step without further
purification.) H NMR (500 MHz, Chloroform-d) & 8.00 (d, ] = 8.5 Hz, 2H), 7.52 (m, 6H), 7.31 (m, 6H),
7.27 (dd, ] =7.4, 1.2 Hz, 3H), 6.87 (d, ] = 8.5 Hz, 2H), 6.72 (m, 4H), 4.04 (s, 2H), 3.80 (s, 3H), 3.77 (s,
3H). 13C NMR (101 MHz, Chloroform-d) § 158.98, 158.91, 149.86, 142.62, 142.43, 132.08, 130.34, 128.04,
127.81, 127.66, 126.97, 116.26, 113.76, 113.60, 108.06, 100.37, 83.02, 75.82, 55.41, 55.37. HRMS calcd for
C3sH30,N3 [M + H]* 562.2489, found 562.2481.
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3.2.7. Synthesis of N-(5-(4-Methoxyphenyl)-4-((4-methoxyphenyl)ethynyl)-1H-imidazol-2-yl)
Acetamide (8)

To a stirring solution of Compound 7 (1.0 g, 1.8 mmol) in anhydrous CH,Cl, (50 mL) was added
triethylamine (2.5 mL, 18.0 mmol) and acetic anhydride (0.9 mL, 9.0 mmol). After stirring for 4 h at
reflux, the solvent was removed under vacuum, the residue was dissolved in CH3OH (50 mL) and
concentrated hydrochloric acid (5 mL) was added at 0 °C. After stirring for 4 h at room temperature,
the solvent was removed under vacuum. The residue was poured into saturated NaHCO;3 solution
and extracted with ethyl acetate (2 x 100 mL). The combined organic layers were washed with water,
brine, dried (anhydrous Na;SO,) and concentrated. The crude residue was purified by silica gel
column chromatography (petroleum ether/ethyl acetate, 2:1) to give compound 8 (400 mg, 62%) as
a pale yellow solid. 'H NMR (500 MHz, DMSO-dg) & 11.88 (s, 1H), 11.31 (s, 1H), 7.98 (s, 2H), 7.48
(d, ] =8.2 Hz, 2H), 7.00 (m, 4H), 3.79 (s, 3H), 3.78 (s, 3H), 2.08 (s, 3H). 13C NMR (126 MHz, DMSO-dg) &
169.09, 159.79, 158.83, 141.39, 140.22, 132.76, 129.12, 127.07, 126.94, 115.15, 114.94, 114.37, 103.97, 95.27,
80.60, 55.76, 55.57, 23.28. HRMS calcd for Cp1HpoO3N3[M + H]* 362.1499, found 362.1496.

3.2.8. Synthesis of N-(5-(4-Methoxyphenyl)-4-(2-(4-methoxyphenyl)-2-oxoacetyl)-1H-imidazol-2-yl)
Acetamide (9)

To a stirring solution of Compound 8 (360 mg, 1.0 mmol) in DMF (30 mL) was added
Hg(NOs3),-1/2H,0 (667.2 mg, 2.0 mmol). After stirring for 4 h at room temperature, the solvent
was removed under vacuum. The residue was poured into water and extracted with ethyl acetate
(2 x 50 mL). The combined organic layers were washed with water brine, dried (anhydrous Nay;SOy)
and concentrated. The crude residue was purified by silica gel column chromatography (petroleum
ether/ethyl acetate, 2:1) to give compound 9 (200 mg, 51%) as a yellow solid. [Caution: Mercury
salts are highly toxic. Handling of all mercury compounds should be done carefully.] 'H NMR
(500 MHz, DMSO-dg) 6 12.50 (s, 1H), 11.21 (s, 1H), 7.92 (m, 2H), 7.80 (m, 2H), 7.07 (m, 4H), 3.84 (s, 3H),
3.83 (s, 3H), 2.01 (s, 3H). '*C NMR (101 MHz, DMSO-dg) 5 194.48, 190.76, 169.87, 164.56, 160.71, 145.96,
141.69, 136.84, 132.16, 130.89, 129.05, 126.31, 120.63, 115.01, 114.13, 56.20, 55.82, 23.15. HRMS calcd for
Cy1HpO5N3[M + H]* 394.1397, found 394.1392.

3.2.9. Synthesis of N-(5-(4-Hydroxyphenyl)-4-(2-(4-hydroxyphenyl)-2-oxoacetyl)-1H-imidazol-2-yl)
Acetamide (10)

To a stirring solution of Compound 9 (200 mg, 0.5 mmol) in anhydrous CH,Cl, (25 mL) was
added BBr3 (48 puL, 2.5 mmol) at 0 °C. The mixture was allowed to room temperature and stirred for
4 h. The mixture was neutralized carefully with saturated aqueous NaHCOj3 at 0 °C and extracted with
CH,Cl, (2 x 50 mL). The combined organic layers were washed with water, brine, dried (anhydrous
NaySOy) and concentrated. The crude residue was purified by silica gel column chromatography
(CH,Cl,/CH30H, 30:1) to give compound 10 (120 mg, 66%) as a yellow solid. 'H NMR (500 MHz,
DMSO-dg) & 12.34 (s, 1H), 11.20 (s, 1H), 10.63 (s, 1H), 9.93 (s, 1H), 7.80 (d, ] = 8.3 Hz, 2H), 7.68 (d,
J = 8.5 Hz, 2H), 6.88 (t, ] = 9.0 Hz, 4H), 2.01 (s, 3H). 13C NMR (125 MHz, DMSO-ds) 5 194.34, 190.93,
169.94, 163.59, 159.18, 142.52, 141.48, 132.43, 130.87, 128.77, 125.02, 119.08, 116.27, 115.48, 110.74, 107.32,
23.13. HRMS calced for C19H1605N3 [M + H]* 366.1084, found 366.1076.

3.2.10. Synthesis of Lissodendrin B (11)

To a stirring solution of Compound 10 (100 mg, 0.27 mmol) in CH30H (30 mL) and water
(5 mL) was added concentrated H,SO, (1 mL) at 0 °C. After stirring for 4 h at 80 °C, the reaction
mixture was neutralized carefully with saturated aqueous NaHCOj3 at 0 °C and extracted with ethyl
acetate (2 X 50 mL). The combined organic layers were washed with water, brine, dried (anhydrous
NaySOy) and concentrated. The crude residue was purified by silica gel column chromatography
(CH,Cl,/CH30H, 30:1) to give Lissodendrin B (45 mg, 51%) as a yellow solid. 'H NMR (500 MHz,
CH;30H-dy) 6 7.60 (d, ] = 8.7 Hz, 2H), 7.14 (m, 2H), 6.78 (d, ] = 8.7 Hz, 2H), 6.54 (d, | = 8.5 Hz, 2H).
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13C NMR (125 MHz, CH;0H-dy) 5 194.32, 184.00, 164.90, 159.74, 155.32, 154.43,133.39, 132.07, 126.79,
124.69, 123.36, 116.47, 115.57. HRMS calcd for C17H1404N3[M + HJ* 324.0979, found 324.0974.

4. Conclusions

In summary, a concise total synthesis of marine alkaloids Lissodendrin B was accomplished in
ten steps giving an overall yield of 1.1%. Highlights of the synthesis included: (1) the precursor
4,5-disubstituted imidazole construction based on Suzuki coupling and Sonogashira coupling reactions,
(2) 2-aminoimidazole skeleton synthesis using C2-azidation and reduction of the azide, and (3) the
a-diketone structure preparation based on the oxidation of the triple-bond. Cost-effective reagents and
mild reaction conditions were used in each step of our route. Results from this study are useful for
design and synthesis of novel bioactive 2-aminoimidazole alkaloids. Further biological activity studies
are underway and will be reported in due course.

Supplementary Materials: Supplementary materials can be found at http://www.mdpi.com/1660-3397/18/1/36/s1.
Figures S1-520: Copies of 'H and '*C NMR spectra of compounds 2-11.
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Abbreviations

P-gp P-glycoprotein

MDR multidrug resistance
DMF N,N-Dimethylformamide
TEA Triethylamine

Ac,O Acetic anhydride
DMSO Dimethyl sulfoxide
THF Tetrahydrofuran

TsN3 p-toluenesulfonyl azide
CsF cesium fluoride

NIS N-iodosuccinimide

Cul copper(I) iodide

THF Tetrahydrofuran

uv ultraviolet
References

1. Gerwick, W.H.; Moore, B.S. Lessons from the Past and Charting the Future of Marine Natural Products Drug
Discovery and Chemical Biology. Chem. Biol. 2012, 19, 85-98. [CrossRef]

2. Roué, M.; Domart-Coulon, I.; Ereskovsky, A.; Djediat, C.; Perez, T.; Bourguet-Kondracki, M. Cellular
localization of clathridimine, an antimicrobial 2-aminoimidazole alkaloid produced by the Mediterranean
calcareous sponge Clathrina clathrus. J. Nat. Prod. 2010, 73, 1277-1282. [CrossRef]

3. Hassan, W.; Edrada, R.A.; Ebel, R.; Wray, V.; Berg, A.; Soest, R.V.; Wiryowidagdo, S.; Proksch, P. New
Imidazole Alkaloids from the Indonesian Sponge Leucetta chagosensis. ]. Nat. Prod. 2004, 67, 817-822.
[CrossRef]


http://www.mdpi.com/1660-3397/18/1/36/s1
http://dx.doi.org/10.1016/j.chembiol.2011.12.014
http://dx.doi.org/10.1021/np100175x
http://dx.doi.org/10.1021/np0305223

Mar. Drugs 2020, 18, 36 90f 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Tang, W.Z.; Yang, Z.Z.; Wu, W,; Tang, ].; Sun, E; Wang, S.P.; Cheng, CW.; Yang, F,; Lin, HW. Imidazole
Alkaloids and Their Zinc Complexes from the Calcareous Marine Sponge Leucetta chagosensis. J. Nat. Prod.
2018, 81, 894-900. [CrossRef] [PubMed]

An, B.; Yin, FY,; Voogd, N.J.; Chen, X.G.; Cheng, W.; Lin, W.H. Chagosendines A-C, New Metal Complexes of
Imidazole Alkaloids from the Calcareous Sponge Leucetta chagosensis. Chem. Biodivers. 2018, 15. [CrossRef]
[PubMed]

Ali, A.A.; Hassanean, H.A; Elkhayat, E.S.; Edrada, R.A.; Ebel, R.; Proksch, P. Imidazole alkaloids from the
indopacific sponge Pericharax heteroraphis. Bull. Pharm. Sci. 2007, 30, 149-157. [CrossRef]

Gong, K K,; Tang, X.L.; Liu, Y.S; Li, PL.; Li, G.Q. Imidazole Alkaloids from the South China Sea Sponge
Pericharax heteroraphis and Their Cytotoxic and Antiviral Activities. Molecules 2016, 21, 150. [CrossRef]

Li, G.; Guo, J.; Wang, Z.; Liu, Y.; Song, H.; Wang, Q. Marine Natural Products for Drug Discovery: First
Discovery of Kealiinines A—C and Their Derivatives as Novel Antiviral and Antiphytopathogenic Fungus
Agents. |. Agric. Food Chem. 2018, 66, 7310-7318. [CrossRef]

Zhang, N.; Zhang, Z; Wong, 1K; Wan, S; Chow, L.C; Jiang, T. 4, 5-Di-substituted
benzyl-imidazol-2-substituted amines as the structure template for the design and synthesis of reversal
agents against P-gp-mediated multidrug resistance breast cancer cells. Eur. . Med. Chem. 2014, 83, 74-83.
[CrossRef]

Chan, G.W.; Mong, S.; Hemling, M.E; Freyer, A.].; Offen, PH.; DeBrosse, C.W.; Sarau, H.M.; Westley, ].W.
New leukotriene B4 receptor antagonist: Leucettamine A and related imidazole alkaloids from the marine
sponge Leucetta microraphis. ]. Nat. Prod. 1993, 56, 116-121. [CrossRef]

Copp, B.R.; Fairchild, C.R.; Cornell, L.; Casazza, A.M.; Robinson, S.; Ireland, C.M. Naamidine A Is an
Antagonist of the Epidermal Growth Factor Receptor and an in vivo Active Antitumor Agent. J. Med. Chem.
1998, 41, 3909-3911. [CrossRef] [PubMed]

Little, T.L.; Webber, S.E. A Simple and Practical Synthesis of 2-Aminoimidazoles. J. Org. Chem. 1994, 59,
7299-7305. [CrossRef]

Worthington, R.J.; Bunders, C.A.; Reed, C.S.; Melander, C. Small Molecule Suppression of Carbapenem
Resistance in NDM-1 Producing Klebsiella pneumoniae. ACS Med. Chem. Lett. 2012, 3, 357-361. [CrossRef]
[PubMed]

Mukherjee, S.; Sivappa, R.; Yousufuddin, M.; Lovely, C.J. Asymmetric Total Synthesis of ent-Cyclooroidin.
Org. Lett. 2010, 12, 4940-4943. [CrossRef]

Bhandari, M.R; Sivappa, R.; Lovely, C. Total Synthesis of the Putative Structure of Nagelamide D. Org. Lett.
2009, 11, 1535-1538. [CrossRef]

Mokhlesi, A.; Hartmann, R.; Achten, E.; Chaidir, C.; Hartmann, T.; Lin, W.; Daletos, G.; Proksch, P.
Lissodendrins A and B: 2-Amino-imidazole Alkaloids from the Marine Sponge Lissodendoryx (Acanthodoryx)
fibrosa. Eur. ]. Org. Chem. 2016, 4, 639-643. [CrossRef]

Soh, C.H.; Chui, WK.; Lam, Y. An Efficient and Expeditious Synthesis of Di- and Monosubstituted
2-Aminoimidazoles. J. Comb. Chem. 2008, 10, 118-122. [CrossRef]

Takagi, K.; Kusafuka, K.; Ito, Y.; Yamauchi, K.; Ito, K.; Fukuda, R.; Ehara, M. Synthesis and optical properties of
imidazole-and benzimidazole-based fused m-conjugated compounds: Influence of substituent, counteranion,
and 7-conjugated system. J. Org. Chem. 2015, 80, 7172-7183. [CrossRef]

Jung, MLE.; Deng, G. Synthesis of a-Diketones from Alkylaryl- and Diarylalkynes Using Mercuric Salts.
Org. Lett. 2014, 16, 2142-2145. [CrossRef]

Morinaka, B.I.; Masuno, M.N.; Pawlik, J.R.; Molinski, T.F. Amaranzole A, a New N-Imidazolyl Steroid from
Phorbas amaranthus. Org. Lett. 2007, 9, 5219-5222. [CrossRef]

Cizkovd, M.; Saman, D.; Koval, D.; Kasicka, V.; Klepetarova, B.; Cisarov4, I.; Teply, F. Modular Synthesis
of Helicene-Like Compounds Based on the Imidazolium Motif. Eur. J. Org. Chem. 2014, 26, 5681-5685.
[CrossRef]

Poverlein, C.; Jacobi, N.; Mayer, P.; Lindel, T. Synthesis of 4(5)-Acyl-2-aminoimidazoles and Vinylogues.
Synthesis 2007, 23, 3620-3626.

Bellina, F; Guazzelli, N.; Lessi, M.; Manzini, C. Imidazole analogues of resveratrol: Synthesis and cancer cell
growth evaluation. Tetrahedron 2015, 71, 2298-2305. [CrossRef]


http://dx.doi.org/10.1021/acs.jnatprod.7b01006
http://www.ncbi.nlm.nih.gov/pubmed/29648818
http://dx.doi.org/10.1002/cbdv.201700481
http://www.ncbi.nlm.nih.gov/pubmed/29194948
http://dx.doi.org/10.21608/bfsa.2007.64196
http://dx.doi.org/10.3390/molecules21020150
http://dx.doi.org/10.1021/acs.jafc.8b02238
http://dx.doi.org/10.1016/j.ejmech.2014.06.016
http://dx.doi.org/10.1021/np50091a016
http://dx.doi.org/10.1021/jm980294n
http://www.ncbi.nlm.nih.gov/pubmed/9748366
http://dx.doi.org/10.1021/jo00103a021
http://dx.doi.org/10.1021/ml200290p
http://www.ncbi.nlm.nih.gov/pubmed/22844552
http://dx.doi.org/10.1021/ol1020916
http://dx.doi.org/10.1021/ol9001762
http://dx.doi.org/10.1002/ejoc.201501250
http://dx.doi.org/10.1021/cc700143n
http://dx.doi.org/10.1021/acs.joc.5b01028
http://dx.doi.org/10.1021/ol500592m
http://dx.doi.org/10.1021/ol702325e
http://dx.doi.org/10.1002/ejoc.201402746
http://dx.doi.org/10.1016/j.tet.2015.02.024

Mar. Drugs 2020, 18, 36 10 of 10

24. Liu, P; Hamill, T.G.; Chioda, M.; Chobanian, H.; Fung, S.; Guo, Y.; Chang, L.; Bakshi, R.; Hong, Q.;
Dellureficio, J.; et al. Discovery of MK-3168: A PET Tracer for Imaging Brain Fatty Acid Amide Hydrolase.
ACS Med. Chem. Lett. 2013, 4, 509-513. [CrossRef] [PubMed]

25. Kumar, S.; Jaller, D.; Patel, B.; LaLonde, ].M.; DuHadaway, J.B.; Malachowski, W.P.; Prendergast, G.C.;
Muller, AJ. Structure Based Development of Phenylimidazole-Derived Inhibitors of Indoleamine

2,3-Dioxygenase. ]. Med. Chem. 2008, 51, 4968-4977. [CrossRef]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1021/ml4000996
http://www.ncbi.nlm.nih.gov/pubmed/24900701
http://dx.doi.org/10.1021/jm800512z
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results and Discussion 
	Retrosynthetic Analysis of Lissodendrin B 
	Synthesis of Lissodendrin B 

	Materials and Methods 
	General Information 
	Methods 
	Synthesis of 4-(4-Methoxyphenyl)-1H-imidazole (2) 
	Synthesis of 5-Iodo-4-(4-methoxyphenyl)-1H-imidazole (3) 
	Synthesis of 5-(4-Methoxyphenyl)-4-((4-methoxyphenyl)ethynyl)-1H-imidazole (4) 
	Synthesis of 5-(4-Methoxyphenyl)-4-((4-methoxyphenyl)ethynyl)-1-trityl-1H-imidazole (5) 
	Synthesis of 2-Azido-5-(4-methoxyphenyl)-4-((4-methoxyphenyl)ethynyl)- 1-trityl-1H-imidazole (6) 
	Synthesis of 5-(4-Methoxyphenyl)-4-((4-methoxyphenyl)ethynyl)-1-trityl- 1H-imidazol-2-amine (7) 
	Synthesis of N-(5-(4-Methoxyphenyl)-4-((4-methoxyphenyl)ethynyl)-1H-imidazol-2-yl) Acetamide (8) 
	Synthesis of N-(5-(4-Methoxyphenyl)-4-(2-(4-methoxyphenyl)-2-oxoacetyl)-1H-imidazol-2-yl) Acetamide (9) 
	Synthesis of N-(5-(4-Hydroxyphenyl)-4-(2-(4-hydroxyphenyl)-2-oxoacetyl)-1H-imidazol-2-yl) Acetamide (10) 
	Synthesis of Lissodendrin B (11) 


	Conclusions 
	References

