ORIGINAL ARTCILE

rgani
ACG Org. Commun. XX:X (20XX) X-XX Orgatic

publications communications

Synthesis and biological activities of petromurin C nitrile
derivatives

Lang An “2¥# Yuchang Di “=2% Xuelian Zhang “=23
Liping Wang ‘“**and Yanchao Xu =t

! State Key Laboratory of Discovery and Utilization of Functional Components in Traditional Chinese
Medicine, School of Pharmaceutical Sciences, Natural Products Research Center of Guizhou
Province & Guizhou Medical University, Guiyang 550014, China
2 Shanghai Sci-Tech Inno Center for Infection & Immunity, Shanghai 200438, China
% State Key Laboratory of Genetic Engineering, MOE Engineering Research Center of Gene
Technology, Shanghai Engineering Research Center of Industrial Microorganism, School of Life
Sciences, Fudan University, Shanghai 200433, China

(Received July 11, 2025; Revised August 28, 2025; Accepted August 30, 2025)

Abstract: A series of nitrile derivatives of Petromurin C were synthesized and assessed for their cytotoxic
effects on tumor cell lines and inhibitory activity against Mycobacterium tuberculosis (M.tb H37Ra).
Bromoalkyl nitriles (Br(CH2)nCN; n=1-5) and (o-, m-, p-) bromomethyl benzonitriles were used as alkylating
reagents. The majority of the syntheses consisted of O-alkylated derivatives in which the two NH group were not
alkylated, as expected from the treatment of petromurin C with K,CO3; in DMF followed by treatment with
alkylating reagents. Similarly, treatment of Petromurin C with NaH in DMF and the treatment with alkylating
reagents yielded both OR and bis-NR alkylated structures. In the first method, 7 different O-alkyl Petromurin C
derivatives were obtained. The second method yielded 7 different Petromurin-C derivatives containing both O-
alkyl and bis-N-alkyl groups. Notably, compounds 1-4 and 7-10 demonstrated selective inhibitory activity
against the acute myeloid leukemia cell line MV4-11, with ICsp values ranging from 12.96 to 20.00 puM.
Compound 15 exhibited a minimum inhibitory concentration (MIC) of 6.25 puM against M.tb H37Ra.
Importantly, all synthesized compounds showed negligible inhibition (below 50%) against human normal cell
lines L-02 and 293T at a concentration of 100 uM. These findings suggest that the compounds possess high
efficacy and low toxicity, indicating their potential as novel therapeutic agents for the treatment of leukemia and
tuberculosis.

Keywords: Petromurin C; structural modification; nitrile groups; cytotoxic activity; anti-tubercular activity. © 2025
ACG Publications.

1. Introduction

Microorganisms, including actinomycetes and fungi, possess the capability to synthesize a wide
variety of structurally diverse secondary metabolites’*, many of which have been successfully
developed into clinical drugs, such as penicillin®, erythromycin®, and vancomycin’. Nonetheless,
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Synthesis of petromurin C nitrile derivatives

natural products often face challenges such as poor water solubility, low stability, and limited
selectivity. Structural modification, involving the alteration of molecular frameworks or functional
groups, can optimize the physicochemical properties of these compounds, enhance their biological
activity, and reduce toxic side effects®. Our research group previously conducted a systematic isolation
of Aspergillus sp. GZWMJZ-258, resulting in the high-yield acquisition of the bisindole biphenyl
compound petromurin C°. The vitro activity assays demonstrated that petromurin C exhibits inhibitory
effects on the human acute myeloid leukemia (AML) cell line MV4-11. Due to its poor solubility,
structural modification was undertaken to introduce polar groups to improve its solubility.

In recent decades, the nitrile group has attained significant prominence in the field of medicinal
chemistry®. Its distinctive properties—characterized by a highly polar carbon-nitrogen triple bond,
substantial electron-withdrawing capability, and a compact size (approximately one-eighth that of a
methyl group)—facilitate deep penetration into target proteins and the formation of hydrogen bond
interactions with critical amino acid residues, such as serine and arginine, within active sites'!. As a
bioisostere for functional groups such as carbonyls and halogens??, the incorporation of nitrile moieties
into small-molecule drugs can modulate physicochemical properties, enhance target binding affinity,
and improve therapeutic efficacy. Furthermore, nitriles serve as metabolic blocking groups, inhibiting
oxidative metabolism and thereby enhancing in vivo metabolic stability. Clinically, a variety of nitrile-
containing drugs have been developed for the treatment of conditions including lung cancer, breast
cancer, and chronic myeloid leukemia. Notable examples include neratinib, pelitinib, and bosutinib,
which are utilized in the treatment of breast cancer and non-small cell lung cancer®, bosutinib for
imatinib-resistant chronic myeloid leukemia!4, and glasdegib for AML treatment®®. This research
investigates the synthesis of novel petromurin C derivatives containing nitrile groups and assesses
their antitumor properties as well as their activity against Mycobacterium tuberculosis.

2. Experimental
2.1. General

Detailed information on this section was given in supporting information of the article.
2.2. Synthesis

Synthesis of Compound 1: To a solution of petromurin C (50.0 mg, 0.11 mmol) in dry N,N-
dimethylformamide (DMF)(5 mL) was added 1 M aqueous K,COsz (165 uL, 0.165 mmol). The mixture
was stirred at room temperature for 30 min, then bromoacetonitrile (26.7 mg, 0.22 mmol) was added.
The mixture was stirred for 4 hours at room temperature. After adding ethyl acetate (20 mL), the
mixture was washed with brine (30 mLx3), dried over anhydrous Na,SOs, filtered, and evaporated to
dryness. The residue was purified by HPLC on a YMC-Pack ODS-A column (10 x 250 mm, 5 pm)
using 45% acetonitrile and 55% distilled water (containing 0.5%o trifluoroacetic acid (TFA)) at a flow
rate of 4 mL/min to obtain compound 1; 13.0 mg (yield 24%) as a white solid; IR (KBr, cm™) v: 3363,
2933, 2253, 1683, 1627, 1581, 1457, 1393, 1272, 1189, 1059, 955, 887, 743; *H NMR (600 MHz,
DMSO-ds) 0 11.31 (brs, 1H), 11.30 (brs, 1H), 7.50 (d, J = 2.4 Hz, 1H), 7.47 (d, J = 2.4 Hz, 1H), 7.44
(d,J=7.4Hz, 1H), 7.42 (d, J=7.4 Hz, 1H), 7.40 (d, J = 8.8 Hz, 1H), 7.12 (t, J = 7.4 Hz, 1H), 7.07 (d,
J=2.4Hz, 1H), 7.01 (t, J = 7.4 Hz, 1H), 6.89 (dd, J = 8.8, 2.4 Hz, 1H), 5.09 (s, 2H), 3.47 (s, 6H), 3.44
(s, 6H); 3C NMR (150 MHz, DMSO-dg) 6 150.4, 147.6x2, 147.6x2, 135.9, 132.1, 127.4, 127.0, 126.7,
125.3, 122.3, 121.9, 120.8, 120.3, 118.7 (CN), 117.2, 112.3, 111.4, 111.0, 107.1, 106.9, 104.8, 60.3x2,
60.3x2, 54.7; HRESIMS(M-H) m/z: calculated for C2sH24N30s 482.1710, detected 482.1712.

Synthesis of Compound 2: To a solution of petromurin C (50.0 mg, 0.11 mmol) in dry DMF (5 mL)
was added 1 M aqueous K>COsz (165 pL, 0.165 mmol). The mixture was stirred at room temperature
for 30 min, then 4-bromobutyronitrile (32.5 mg, 0.22 mmol) was added. The mixture was stirred for 4
hours at room temperature. After adding ethyl acetate (20 mL), the mixture was washed with brine (30
mLx3), dried over anhydrous Na,SOs, filtered, and evaporated to dryness. The residue was purified by
HPLC on a YMC-Pack ODS-A column (10x250 mm, 5 um) using 45% acetonitrile and 55% distilled
water (containing 0.5%0 TFA) at a flow rate of 4 mL/min to obtain compound 2; 33.0 mg (yield 58%)
as a brown solid; IR (KBr, cm™) v: 3367, 2929, 2253, 1683, 1647, 1625, 1457, 1394, 1273, 1204, 1128,



An et al., Org. Commun. (2025) X:X XX-XX

1061, 749; *H NMR (600 MHz, DMSO-ds) ¢ 11.28 (brs, 1H), 11.16 (brs, 1H), 7.46 (d, J = 2.4 Hz,
1H), 7.44 (d, J = 7.1 Hz, 1H), 7.43 (d, J = 2.4 Hz, 1H), 7.42 (d, J = 7.1 Hz, 1H), 7.34 (d, J = 8.7 Hz,
1H), 7.11 (t, J = 7.1 Hz, 1H), 7.00 (t, J = 7.1 Hz, 1H), 6.89 (d, J = 2.4 Hz, 1H), 6.80 (dd, J = 8.7, 2.4
Hz, 1H), 3.99 (t, J = 6.0 Hz, 2H), 3.45 (s, 6H), 3.43 (s, 6H), 2.66 (t, J = 6.0 Hz, 2H), 2.01 (m, 2H); *C
NMR (150 MHz, DMSO-ds) 6 152.1, 147.6x4, 135.9, 131.3, 127.4, 127.0, 126.1, 125.2, 122.1, 120.8,
120.4, 118.7 (CN), 112.0 ,111.4, 106.9, 106.8, 66.3, 60.3x2, 60.3x2, 24.9, 13.4; HRESIMS(M+Na)
m/z: calculated for CsoH29N3OsNa 534.1999, detected 534.1991.

Synthesis of Compound 3: To a solution of petromurin C (50.0 mg, 0.11 mmol) in dry DMF (5 mL)
was added 1 M aqueous K>COs (165 pL, 0.165 mmol). The mixture was stirred at room temperature
for 30 min, then 5-bromovaleronitrile (35.6 mg, 0.22 mmol) was added. The mixture was stirred for 4
hours at room temperature. After adding ethyl acetate (20 mL), the mixture was washed with brine (30
mLx3), dried over anhydrous Na,SOy, filtered, and evaporated to dryness. The residue was purified by
HPLC on a YMC-Pack ODS-A column (10x250 mm, 5 um) using 50% acetonitrile and 50% distilled
water (containing 0.5%0 TFA) at a flow rate of 4 mL/min to obtain compound 3; 43.3 mg (yield 82%)
as a brown solid; IR (KBr, cm™) v: 3409, 2933, 2247, 1684, 1621, 1459, 1393, 1273, 1203, 1058, 998,
756; 'H NMR (600 MHz, DMSO-ds) 6 11.28 (brs, 1H), 11.14 (brs, 1H), 7.47 (d, J = 2.4 Hz, 1H), 7.45
(d, J=8.0 Hz, 1H), 7.43 (d, J = 8.0 Hz, 1H), 7.42 (d, J = 2.4 Hz, 1H), 7.33 (d, J = 8.7 Hz, 1H), 7.12 (t,
J=28.0 Hz, 1H), 7.01 (t, J = 8.0 Hz, 1H), 6.89 (d, J = 2.4 Hz, 1H), 6.78 (dd, J = 8.7, 2.4 Hz, 1H), 3.96
(t, J = 6.0 Hz, 2H), 3.46 (s, 6H), 3.43 (s, 6H), 2.56 (t, J = 6.0 Hz, 2H), 1.80 (m, 2H), 1.73 (m, 2H); *C
NMR (150 MHz, DMSO-ds) 6 152.3, 147.6x2, 147.6%2, 135.9, 131.2, 127.5, 127.0, 126.0, 125.2,
122.2,122.1, 120.8, 120.7, 120.3, 118.7 (CN), 111.9, 111.4, 111.4, 107.0, 106.8, 103.2, 67.0, 60.3x2,
60.3x2, 28.0, 21.9, 16.1; HRESIMS(M+Na) m/z: calculated for CsiH31N3OsNa 548.2156, detected
548.2146.

Synthesis of Compound 4: To a solution of petromurin C (50.0 mg, 0.11 mmol) in dry DMF (5 mL)
was added 1 M aqueous K>COs (165 pL, 0.165 mmol). The mixture was stirred at room temperature
for 30 min, then 6-bromohexanenitrile (38.7 mg, 0.22 mmol) was added. The mixture was stirred for 4
hours at room temperature. After adding ethyl acetate (20 mL), the mixture was washed with brine (30
mLx3), dried over anhydrous Na,SQy, filtered, and evaporated to dryness. The residue was purified by
HPLC on a YMC-Pack ODS-A column (10x250 mm, 5 um) using 50% acetonitrile and 50% distilled
water (containing 0.5%0 TFA) at a flow rate of 4 mL/min to obtain compound 4; 25.0 mg (yield 77%)
as a brown solid; IR (KBr, cm™) v: 3402, 2935, 2247, 1622, 1553, 1459, 1393, 1275, 1202, 1118, 1058,
999, 746; 'H NMR (600 MHz, DMSO-ds) 6 11.28 (s, 1H), 11.13 (s, 1H), 7.46 (s, 1H), 7.43 (m, 3H),
7.32(d, J =8.7 Hz, 1H), 7.11 (t, J = 7.5 Hz, 1H), 7.01 (t, J = 7.5 Hz, 1H), 6.88 (s, 1H), 6.77 (d, J = 8.7
Hz, 1H), 3.93 (t, J = 6.1 Hz, 2H), 3.45 (s, 6H), 3.43 (s, 6H), 2.50 (m, 2H), 1.73 (m, 2H), 1.61 (m, 2H),
1.52 (m, 2H); C NMR (150 MHz, DMSO-dg) § 152.4, 147.6x4, 135.89, 131.1, 127.5, 127.0, 126.0,
125.2, 122.2, 122.0, 120.8, 120.7, 120.3, 118.7 (CN), 111.9, 111.4, 111.4, 106.9, 106.7, 103.2, 67.6,
60.3x2, 60.3x2, 28.1, 24.9, 24.6, 16.1; HRESIMS(M+Na) m/z: calculated for Cs,H33sN3OsNa 562.2312,
detected 562.2302.

Synthesis of Compound 5: To a solution of petromurin C (50.0 mg, 0.11 mmol) in dry DMF (5 mL)
was added 1 M aqueous K>COs (165 pL, 0.165 mmol). The mixture was stirred at room temperature
for 30 min, then alpha-bromo-p-tolunitrile (43.1 mg, 0.22 mmol) was added. The mixture was stirred
for 4 hours at room temperature. After adding ethyl acetate (20 mL), the mixture was washed with
brine (30 mLx3), dried over anhydrous Na,SOs, filtered, and evaporated to dryness. The residue was
purified by HPLC on a YMC-Pack ODS-A column (10x250 mm, 5 um) using 55% acetonitrile and
45% distilled water (containing 0.5%0 TFA) at a flow rate of 4 mL/min to obtain compound 5; 24.0 mg
(yield 72%) as a white solid; IR (KBr, cm™) v: 3385, 2931, 2229, 1717, 1684, 1653, 1559, 1508, 1457,
1394, 1273, 1059, 999, 957, 746; *H NMR (600 MHz, DMSO-ds) 5 11.29 (brs, 1H), 11.19 (brs, 1H),
7.82 (d, J = 8.2 Hz, 2H), 7.64 (d, J = 8.2 Hz, 2H), 7.46 (d, J = 2.3 Hz, 1H), 7.45 (d, J = 7.4 Hz, 1H),
7.44 (d, J = 2.3 Hz, 1H), 7.42 (d, J = 7.4 Hz, 1H), 7.36 (d, J = 8.7 Hz, 1H), 7.12 (t, J = 7.4 Hz, 1H),
7.01 (t, J = 7.4 Hz, 1H), 6.96 (d, J = 2.2 Hz, 1H), 6.89 (dd, J = 8.7, 2.2 Hz, 1H), 5.19 (s, 2H), 3.42 (s,
6H), 3.41 (s, 6H); *C NMR (150 MHz, DMSO-ds) J 151.7, 147.6x2, 147.5x2, 143.8, 135.9, 132.2x2,
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131.3, 127.9x2, 127.4, 127.0, 126.2, 125.2, 122.0x2, 120.8, 120.3, 118.8, 118.7 (CN), 112.1, 111.5,
111.4, 110.1, 106.9, 106.8, 103.9, 68.8, 60.2x2, 60.2x2; HRESIMS(M+Na) m/z: calculated for
Cs4H29N30sNa 582.1999, detected 582.1985.

Synthesis of Compound 6: To a solution of petromurin C (50.0 mg, 0.11 mmol) in dry DMF (5 mL)
was added 1 M aqueous K>COs (165 pL, 0.165 mmol). The mixture was stirred at room temperature
for 30 min, then alpha-bromo-m-tolunitrile (43.1 mg, 0.22 mmol) was added. The mixture was stirred
4 hours at room temperature. After adding ethyl acetate (20 mL), the mixture was washed with brine
(30 mLx3), dried over anhydrous Na,SO., filtered, and evaporated to dryness. The residue was
purified by HPLC on a YMC-Pack ODS-A column (10x250 mm, 5 um) using 55% acetonitrile and
45% distilled water (containing 0.5%0 TFA) at a flow rate of 4 mL/min to obtain compound 6; 46.6 mg
(yield 83%) as a brown solid; IR (KBr, cm™) v: 3395, 2929, 2230, 1716, 1699, 1684, 1650, 1558, 1541,
1457, 1394, 1273, 1202, 1001, 957, 798; *H NMR (600 MHz, DMSO-ds) 6 11.28 (brs, 1H), 11.19
(brs, 1H), 7.89 (s, 1H), 7.80 (d, J = 7.8 Hz, 1H), 7.77 (d, J = 7.8 Hz, 1H), 7.57 (t, J = 7.8 Hz, 1H), 7.46
(d, J=2.4Hz, 1H), 7.45 (d, J = 7.5 Hz, 1H), 7.44 (d, J = 2.4 Hz, 1H), 7.42 (d, J = 7.5 Hz, 1H), 7.36
(d, J=8.7 Hz, 1H), 7.12 (t, J = 7.5 Hz, 1H), 7.01 (t, J = 7.5 Hz, 1H), 6.97 (d, J = 2.4 Hz, 1H), 6.89
(dd, J = 8.7, 2.4 Hz, 1H), 5.15 (s, 2H), 3.43 (s, 6H), 3.41 (s, 6H); **C NMR (150 MHz, DMSO-ds) 6
151.7, 147.6x2, 147.6x2, 139.7, 135.9, 132.2, 131.4, 131.3, 130.8, 129.7, 127.4, 127.0, 126.2, 125.2,
122.1, 120.8, 120.3, 118.8, 118.7 (CN), 112.1, 111.6, 111.4, 111.3x2, 106.9, 106.8, 103.9, 68.5,
60.3x2, 60.2x2; HRESIMS(M+Na) m/z: calculated for CssH29N30sNa 582.1999, detected 582.1989.

Synthesis of Compound 7: To a solution of petromurin C (50.0 mg, 0.11 mmol) in dry DMF (5 mL)
was added 1 M aqueous K>COs (165 pL, 0.165 mmol). The mixture was stirred at room temperature
for 30 min, then 2-cyanobenzyl bromide (43.1 mg, 0.22 mmol) was added. The mixture was stirred for
4 hours at room temperature. After adding ethyl acetate (20 mL), the mixture was washed with brine
(30 mLx3), dried over anhydrous Na,SO., filtered, and evaporated to dryness. The residue was
purified by HPLC on a YMC-Pack ODS-A column (10x250 mm, 5 um) using 55% acetonitrile and
45% distilled water (containing 0.5%0 TFA) at a flow rate of 4 mL/min to obtain compound 7; 43.3 mg
(yield 77%) as a brown solid; IR (KBr, cm™) v: 3396, 2929, 2229, 1868, 1845, 1828, 1716, 1700, 1650,
1558, 1541, 1508, 1457, 1394, 1340, 1059, 999, 765; *H NMR (600 MHz, DMSO-ds) 6 11.28 (s, 1H),
11.21 (s, 1H), 7.87 (d, J = 7.3 Hz, 1H), 7.73 (d, J = 7.3 Hz,, 1H), 7.71 (t, J = 7.3 Hz, 1H), 7.52 (t, J =
7.3 Hz, 1H), 7.47 (s, 1H), 7.46 (s, 1H), 7.43 (m, 2H), 7.37 (d, J = 8.7 Hz, 1H), 7.12 (m, 1H), 7.02 (m,
2H), 6.90 (d, J = 8.7 Hz, 1H), 5.23 (s, 2H), 3.43 (s, 12H); 3C NMR (150 MHz, DMSO-dg) 6 151.8,
147.6x2, 147.6x2, 140.9, 135.9, 133.3, 133.1, 131.5, 129.4, 128.7, 127.4, 127.1, 126.3, 125.2, 122.1,
122.0, 120.8, 120.3, 118.7 (CN), 117.3, 112.1, 111.6, 111.4, 111.1, 107.0, 106.9, 104.2, 68.3, 60.3x2,
60.3x2; HRESIMS(M+Na) m/z: calculated for CssH2gN3OsNa 582.1999, detected 582.1992.

Synthesis of Compound 8: To a mixture of NaH (60% dispersion in mineral oil) (15.4 mg, 0.385 mmol)
in dry DMF (5 mL) was added petromurin C (50.0 mg, 0.11 mmol) under an argon atmosphere. The
mixture was stirred at 0°C for 30 min, then bromoacetonitrile (52.8 mg, 0.44 mmol) was added slowly.
The mixture was stirred for 4 hours at room temperature. After adding H.O (2 mL), the mixture was
extracted with ethyl acetate (20 mL), washed with brine (30 mLx3), dried over anhydrous Na;SOs,
filtered, and evaporated to dryness. The residue was purified by HPLC on a YMC-Pack ODS-A
column (10 x 250 mm, 5 um) using 45% acetonitrile and 55% distilled water (containing 0.5%0 TFA)
at a flow rate of 4 mL/min to obtain compound 8; 10.5 mg (yield 17%) as a white solid; IR (KBr, cm™)
v: 2933, 2256, 1684, 1621, 1460, 1360, 1321, 1275, 1197, 1059, 1023, 955, 742; *H NMR (600 MHz,
DMSO-ds) 6 7.66 (d, J = 7.5 Hz, 1H), 7.65 (d, J = 7.5 Hz, 1H), 7.64 (s, 1H), 7.61 (s, 1H), 7.49 (d, J =
8.9 Hz, 1H), 7.30 (t, J = 7.5 Hz, 1H), 7.17 (t, J = 7.5 Hz, 1H), 7.15 (d, J = 2.4 Hz, 1H), 7.07 (dd, J =
8.9, 2.4 Hz, 1H), 5.66 (s, 2H), 5.64 (s, 2H), 5.15 (s, 2H), 3.51 (s, 6H), 3.49 (s, 6H); *C NMR (150
MHz, DMSO-ds) ¢ 151.3, 147.6x4, 135.7, 131.8, 129.7, 128.4, 128.4, 127.9, 122.1, 121.6, 121.3,
121.0, 120.2, 117.0 (CN), 116.7 (CN)x2, 112.4, 110.9, 109.8, 108.6, 108.5, 105.5, 60.5x2, 60.5x2,
54.5, 34.15, 34.0; HRESIMS(M+Na) m/z: calculated for Cs2H27NsOsNa 584.1904, detected 584.1894.

Synthesis of Compound 9: To a mixture of NaH (60% dispersion in mineral oil) (15.4 mg, 0.385 mmol)
in dry DMF (5 mL) was added petromurin C (50.0 mg, 0.11 mmol) under an argon atmosphere. The
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mixture was stirred at 0°C for 30 min, then 3-bromopropionitrile (58.9 mg, 0.44 mmol) was added
slowly. The mixture was stirred 4 hours at room temperature. After adding H-O (2 mL), the mixture
was extracted with ethyl acetate (20 mL), washed with brine (30 mLx3), dried over anhydrous Na;SOs,
filtered, and evaporated to dryness. The residue was purified by HPLC on a YMC-Pack ODS-A
column (10 x 250 mm, 5 um) using 55% acetonitrile and 45% distilled water (containing 0.5%o0 TFA)
at a flow rate of 4 mL/min to obtain compound 9; 20 mg (yield 33%) as a brown solid; IR (KBr, cm™)
v: 2931, 2852, 2253, 1683, 1628, 1558, 1461, 1394, 1358, 1275, 1203, 1131, 1059, 748; *H NMR (600
MHz, DMSO-ds) 6 8.73 (s, 1H), 7.62 (d, J = 7.5 Hz, 1H), 7.61 (s, 1H), 7.49 (s, 1H), 7.43 (d, J = 7.5
Hz, 1H), 7.39 (d, J = 8.7 Hz, 1H), 7.20 (t, J = 7.5 Hz, 1H), 7.08 (t, J = 7.5 Hz, 1H), 6.77 (d, J = 2.3 Hz,
1H), 6.69 (dd, J = 8.7, 2.3 Hz, 1H), 4.61 (t, J = 6.4 Hz, 2H), 4.52 (t, J = 6.4 Hz, 2H), 3.44 (s, 12H),
3.11 (t, J = 6.4 Hz, 2H), 3.07 (t, J = 6.4 Hz, 2H); **C NMR (150MHz, DMSO-ds) ¢ 151.1, 147.6x4,
135.4, 129.9, 128.8, 128.6, 128.5, 127.7, 122.1, 121.4, 121.3, 120.8, 119.3, 118.9 (CN), 118.8 (CN),
111.4, 110.2, 109.9, 107.1, 106.1, 104.9, 60.4x2, 60.4x2, 41.5, 41.3, 18.7x2; HRESIMS(M+Na) m/z:
calculated for Cs2H30N4OsNa 573.2108, detected 573.2103.

Synthesis of Compound 10: To a mixture of NaH (60% dispersion in mineral oil) (15.4 mg, 0.385
mmol) in dry DMF (5 mL) was added petromurin C (50.0 mg, 0.11 mmol) under an argon atmosphere.
The mixture was stirred at 0°C for 30 min, then 4-bromobutyronitrile (65.1 mg, 0.44 mmol) was added
slowly. The mixture was stirred 4 hours at room temperature. After adding H-O (2 mL), the mixture
was extracted with ethyl acetate (20 mL), washed with brine (30 mLx3), dried over anhydrous Na;SOs,
filtered, and evaporated to dryness. The residue was purified by HPLC on a YMC-Pack ODS-A
column (10x250 mm, 5 pm) using 55% acetonitrile and 45% distilled water (containing 0.5%0 TFA) at
a flow rate of 4 mL/min to obtain compound 10; 20 mg (yield 28%) as a brown solid; IR (KBr, cm™?) v:
2931, 2247, 1700, 1683, 1650, 1621, 1556, 1541, 1470, 1457, 1394, 1210, 1061, 957, 798; *H NMR
(600 MHz, DMSO-dg) 6 7.56 (d, J = 7.5 Hz, 1H), 7.54 (s, 1H), 7.51 (s, 1H), 7.47 (d, J = 7.5 Hz, 1H),
7.46 (d, J =8.9 Hz, 1H), 7.20 (t, J = 7.5 Hz, 1H), 7.07 (t, J = 7.5 Hz, 1H), 6.94 (d, J = 2.3 Hz, 1H),
6.88 (dd, J = 8.9, 2.3 Hz, 1H), 4.37 (t, J = 6.9 Hz, 2H), 4.33 (t, J = 6.8 Hz, 2H), 4.01 (t, J = 6.0 Hz,
2H), 3.47 (s, 6H), 3.45 (s, 6H), 2.66 (t, J = 7.1 Hz, 2H), 2.47 (t, J = 6.3 Hz, 2H), 2.45 (t, J = 6.2 Hz,
2H), 2.15 (m, 4H), 2.01 (m, 2H); **C NMR (150 MHz, DMSO-dg) § 152.9, 148.0x2, 148.0x2, 136.0,
131.5, 129.7, 129.0, 128.4, 128.0, 122.2, 122.1, 121.6, 121.4, 120.8, 120.5, 119.6x3 (CN), 112.1,
110.9, 110.1, 107.2, 106.8, 104.5, 66.8, 60.8x2, 60.8x2, 44.9, 44.7, 26.2, 26.2, 25.3, 14.3, 14.2, 13.9;
HRESIMS(M+Na) m/z: calculated for CssH39NsOsNa 668.2843, detected 668.2823.

Synthesis of Compound 11: To a mixture of NaH (60% dispersion in mineral oil) (15.4 mg, 0.385
mmol) in dry DMF (5 mL) was added petromurin C (50.0 mg, 0.11 mmol) under an argon atmosphere.
The mixture was stirred at 0°C for 30 min, then 5-bromovaleronitrile (71.2 mg, 0.44 mmol) was added
slowly. The mixture was stirred 4 for hours at room temperature. After adding H.O (2 mL), the
mixture was extracted with ethyl acetate (20 mL), washed with brine (30 mLx3), dried over anhydrous
Na,SQq, filtered, and evaporated to dryness. The residue was purified by HPLC on a YMC-Pack ODS-
A column (10x250 mm, 5 pm) using 60% acetonitrile and 40% distilled water (containing 0.5%0 TFA)
at a flow rate of 4 mL/min to obtain compound 11; 40 mg (yield 53%) as a brown solid; IR (KBr, cm™)
v: 2929, 2246, 1618, 1490, 1423, 1394, 1321, 1268, 1212, 1065, 1023, 923, 745; *H NMR (600 MHz,
DMSO-ds) 6 7.56 (s, 1H), 7.55 (s, 1H), 7.50 (s, 1H), 7.45 (d, J = 8.8 Hz, 1H), 7.44 (s, 1H), 7.18 (t, J =
7.5 Hz, 1H), 7.05 (t, J = 7.5 Hz, 1H), 6.90 (d, J = 2.2 Hz, 1H), 6.84 (dd, J = 8.8, 2.2 Hz, 1H), 4.34 (t, J
= 6.6 Hz, 2H), 4.29 (t, J = 6.5 Hz, 2H), 3.97 (t, J = 6.1 Hz, 2H), 3.45 (s, 6H), 3.43 (s, 6H), 2.55 (m,
6H), 1.90 (m, 4H), 1.80 (m, 2H), 1.73 (m, 2H), 1.53 (m, 4H); *C NMR (150 MHz, DMSO-ds) 6 152.6,
147.6%2, 147.6x2, 135.6, 130.9, 129.4, 128.8, 127.9 127.5, 121.9, 121.7, 121.0, 120.8, 120.7, 120.6,
118.9x3 (CN), 111.5, 110.5, 109.8, 106.8, 105.9, 103.7, 67.0, 60.31x2, 60.3x2, 44.8, 44.7, 28.9, 28.8,
28.0,22.3,22.2,21.9, 16.1, 15.8, 15.8; HRESIMS(M+Na) m/z: calculated for C41H4sNsOsNa 710.3313,
detected 710.33009.

Synthesis of Compound 12: To a mixture of NaH (60% dispersion in mineral oil) (15.4 mg, 0.385
mmol) in dry DMF (5 mL) was added petromurin C (50.0 mg, 0.11 mmol) under an argon atmosphere.
The mixture was stirred at 0°C for 30 min, then 6-bromohexanenitrile (77.4 mg, 0.44 mmol) was

5
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added slowly. The mixture was stirred 4 hours at room temperature. After adding H.O (2 mL), the
mixture was extracted with ethyl acetate (20 mL), washed with brine (30 mLx3), dried over anhydrous
NazSQq, filtered, and evaporated to dryness. The residue was purified by HPLC on a YMC-Pack ODS-
A column (10x250 mm, 5 pm) using 60% acetonitrile and 40% distilled water (containing 0.5%o0 TFA)
at a flow rate of 4 mL/min to obtain compound 12; 28.6 mg (yield 36%) as a brown solid; IR (KBr,
cm?) v: 2932, 2866, 2244, 1650, 1556, 1541, 1485, 1470, 1456, 1393, 1319, 1272, 1207, 1120, 959,
797; *H NMR (600 MHz, DMSO-ds) 6 7.54 (s, 1H), 7.53 (d, J = 7.3 Hz, 1H), 7.49 (s, 1H), 7.44 (d, J =
7.3 Hz, 1H), 7.42 (d, J = 8.8 Hz, 1H), 7.17 (t, J = 7.3 Hz, 1H), 7.04 (t, J = 7.3 Hz, 1H), 6.90 (d, J = 2.4
Hz, 1H), 6.82 (dd, J = 8.8, 2.4 Hz, 1H), 4.30 (t, J = 6.8 Hz, 2H), 4.25 (t, J = 6.7 Hz, 2H), 3.94 (t, J =
6.3 Hz, 2H), 3.45 (s, 6H), 3.43 (s, 6H), 2.50 (m, 2H), 2.46 (m, 4H), 1.84 (m, 4H), 1.73 (m, 2H), 1.59
(m, 6H), 1.51 (m, 2H), 1.35 (m, 4H); **C NMR (150 MHz, DMSO-ds) 5 152.6, 147.6x4, 135.6, 130.9,
129.4, 128.8, 127.9, 127.4, 121.9, 121.7, 120.9, 120.8, 120.7, 120.6, 118.8x3 (CN), 111.4, 110.4,
109.8, 106.1, 105.7, 103.7, 67.6, 60.3x4, 45.4, 45.3, 29.0, 29.0, 28.1, 25.4, 25.4, 25.0, 24.6, 24.4%x2,
16.2x2, 16.1; HRESIMS(M+Na) m/z: calculated for C4HsiNsOsNa 752.3782, detected 752.3795.

Synthesis of Compound 13: To a mixture of NaH (60% dispersion in mineral oil) (15.4 mg, 0.385
mmol) in dry DMF (5 mL) was added petromurin C (50.0 mg, 0.11 mmol) under an argon atmosphere.
The mixture was stirred at 0°C for 30 min, then alpha-bromo-p-tolunitrile (86.2 mg, 0.44 mmol) was
added slowly. The mixture was stirred 4 hours at room temperature. After adding H,O (2 mL), the
mixture was extracted with ethyl acetate (20 mL), washed with brine (30 mLx3), dried over anhydrous
NazSOy, filtered, and evaporated to dryness. The residue was purified by HPLC on a YMC-Pack ODS-
A column (10 x 250 mm, 5 um) using 60% acetonitrile and 40% distilled water (containing 0.5%0 TFA)
at a flow rate of 4 mL/min to obtain compound 13; 45 mg (yield 52%) as a brown solid; IR (KBr, cm™)
v: 3119, 2927, 2852, 2229, 1844, 1735, 1700, 1650, 1558, 1539, 1506, 1457, 1398, 1319, 1062, 818,
742; *H NMR (600 MHz, DMSO-ds) 6 7.83 (m, 3H), 7.82 (m, 3H), 7.71 (s, 1H), 7.69 (s, 1H), 7.63 (d,
J=5.3Hz, 2H), 7.47 (m, 2H), 7.39 (d, J = 8.9 Hz, 1H), 7.38 (s, 1H), 7.36 (s, 2H), 7.35 (s, 1H), 7.14 (t,
J=7.3Hz, 1H), 7.06 (t, J = 7.3 Hz, 1H), 6.98 (d, J = 2.4 Hz, 1H), 6.90 (dd, J = 8.9, 2.4 Hz, 1H), 5.67
(s, 2H), 5.62 (s, 2H), 5.19 (s, 2H), 3.44 (s, 6H), 3.42 (s, 6H); **C NMR (150 MHz, DMSO-ds) 6 152.3,
147.6x2, 147.6x2, 144.3, 144.3, 143.7, 135.7, 132.6x2, 132.3x2, 131.2, 130.2, 129.3, 128.8, 128.1,
127.9, 127.7x2, 127.6x2, 127.6x2, 121.8, 121.8, 121.4, 120.8, 119.4, 118.9, 118.7 (CN)x3, 113.9,
112.0, 110.9, 110.2x2, 110.1, 107.2, 106.9, 104.3, 68.8, 60.4x2, 60.3%2, 48.8, 48.7; HRESIMS(M+Na)
m/z: calculated for CsoH3sNsOsNa 812.2854, detected 812.2825.

Synthesis of Compound 14: To a mixture of NaH (60% dispersion in mineral oil) (15.4 mg, 0.385
mmol) in dry DMF (5 mL) was added petromurin C (50.0 mg, 0.11 mmol) under an argon atmosphere.
The mixture was stirred at 0°C for 30 min, then 2-cyanobenzyl bromide (86.2 mg, 0.44 mmol) was
added slowly. The mixture was stirred 4 hours at room temperature. After adding H,O (2 mL), the
mixture was extracted with ethyl acetate (20 mL), washed with brine (30 mLx3), dried over anhydrous
Na,SOq, filtered, and evaporated to dryness. The residue was purified by HPLC on a YMC-Pack ODS-
A column (10 x 250 mm, 5 pm) using 60% acetonitrile and 40% distilled water (containing 0.5%0 TFA)
at a flow rate of 4 mL/min to obtain compound 14; 50 mg (yield 57%) as a brown solid; IR (KBr, cm™)
v: 2933, 2224, 1713, 1605, 1555, 1463, 1390, 1282, 1199, 1055, 949, 759; *H NMR (600 MHz,
DMSO-ds) 0 7.93 (d, J = 7.7 Hz, 2H), 7.87 (d, J = 7.7 Hz, 1H), 7.72 (m, 2H), 7.67 (s, 1H), 7.66 (s,
1H), 7.63 (m, 2H), 7.53 (m, 1H), 7.49 (m, 3H), 7.44 (d, J = 8.9 Hz, 1H), 7.16 (t, J = 8.0 Hz, 1H), 7.09
(m, 2H), 7.00 (t, J = 8.0 Hz,, 1H), 6.95 (d, J = 8.9 Hz, 3H), 5.79 (s, 2H), 5.76 (s, 2H), 5.24 (s, 2H),
3.47 (s, 6H), 3.47 (s, 6H); °C NMR (150 MHz, DMSO-d¢) § 152.4, 147.7x2, 147.6x2, 141.8, 141.8,
140.7, 135.9, 133.7, 133.7, 133.3, 133.3, 133.3, 133.2, 131.5, 130.2, 129.4, 129.2, 128.8x2, 128.4,
128.1,127.7,127.4, 127.3, 121.7, 121.5, 120.9, 119.5, 117.4 (CN), 117.3x2 (CN), 115.6, 113.9, 112.1,
111.1, 110.8, 110.2, 109.9, 107.4, 107.2, 104.6, 68.2, 60.4%x2, 60.4x2, 47.7, 47.5; HRESIMS(M+Na)
m/z: calculated for CsoH3sNsOsNa 812.2843, detected 812.2824.

Synthesis of Compound 15: To a mixture of NaH (60% dispersion in mineral oil) (15.4 mg, 0.385
mmol) in dry DMF (5 mL) was added petromurin C (50.0 mg, 0.11 mmol) under an argon atmosphere.
The mixture was stirred at 0°C for 30 min, then alpha-bromo-m-tolunitrile (86.2 mg, 0.44 mmol) was
added slowly. The mixture was stirred 4 hours at room temperature. After adding H.O (2 mL), the
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mixture was extracted with ethyl acetate (20 mL), washed with brine (30 mLx3), dried over anhydrous
NazSQq, filtered, and evaporated to dryness. The residue was purified by HPLC on a YMC-Pack ODS-
A column (10x250 mm, 5 pum) using 60% MeCN and 40% distilled water (containing 0.5%0 TFA) at a
flow rate of 4 mL/min to obtain compound 15; 24.9 mg (yield 29%) as a brown solid; IR (KBr, cm™) v:
3366, 2975, 2230, 1845, 1700, 1684, 1671, 1650, 1558, 1541, 1457, 1398, 1202, 1051, 957, 880; ‘H
NMR (600 MHz, DMSO-dg) o 7.89 (brs, 1H), 7.78 (m, 2H), 7.75 (m, 2H), 7.73 (m, 2H), 7.65 (m, 2H),
7.57 (m, 3H), 7.56 (m, 2H), 7.53 (d, J = 8.9 Hz, 1H), 7.46 (m, 2H), 7.15 (t, J = 7.5 Hz, 1H), 7.07 (t, J
=7.5Hz, 1H), 7.01 (d, J = 2.4 Hz, 1H), 6.92 (dd, J = 8.9, 2.4 Hz, 1H), 5.62 (s, 2H), 5.58 (s, 2H), 5.15
(s, 2H), 3.46 (s, 6H), 3.45 (s, 6H); *C NMR (150 MHz, DMSO-ds) 6 152.3, 147.6x2, 147.5%2, 140.3,
140.2, 139.5, 135.6, 132.3, 131.8, 131.8, 131.4, 131.2, 131.1, 130.8, 130.3, 130.3, 130.0, 129.9, 129.9,
129.6, 129.2, 128.2, 127.8, 121.8, 121.8, 121.4, 120.8, 119.4, 118.8 (CN), 118.7x2 (CN), 112.0, 111.5,
1115, 111.3x2, 111.0, 110.1, 107.2, 106.9, 104.3, 68.5, 60.4x2, 60.3%2, 48.4, 48.2; HRESIMS(M+Na)
m/z: calculated for CsoH3sNsOsNa 812.2843, detected 812.2830.

2.3. Biological Activity Assays
2.3.1. Cytotoxic Activity

In this study, the CCK-8 assay (Cell Counting Kit-8)!* was employed to evaluate the growth
inhibitory effects of various compounds on MV4-11 (human myeloid monocytic leukemia cells), HL-
60 (human leukemia cells), K-562 (human chronic myeloid leukemia cells), L-02 (human normal liver
cells), and 293T (human embryonic kidney cells).

2.3.2. Anti Mycobacterium tuberculosis Activity

The MIC values were determined using a modified microdilution method in 96-well U-bottom
plates'’. Indicator bacteria: Mycobacterium tuberculosis (M.tb H37Ra) .

3. Results and Discussion
3.1. Chemistry

The present study aimed to perform structural modifications at the phenolic hydroxyl group and
the nitrogen atom of petromurin C (Figure 1). In our previous work®, a series of derivatives were
synthesized by grafting various functional moieties onto the phenolic hydroxyl group. This earlier
approach employed solid potassium carbonate or potassium hydroxide as base in N,N-
dimethylformamide (DMF) as the solvent. However, the method was hampered by several limitations,
such as extended reaction times and low yields of the target products. Considering that the poor
solubility of inorganic bases in DMF was likely a major factor limiting the reaction efficiency, the
present study introduced a pre-dissolution step for the base prior to the reaction. When this improved
method was applied to the modification of petromurin C with bromoacetonitrile, a significant increase
in reaction efficiency was observed, yielding the target compound 1. Further experiments revealed that
this approach selectively promoted substitution at the phenolic hydroxyl group of petromurin C, while
modifications at the nitrogen atom remained unsuccessful. To explore this observation, reaction
conditions were optimized by increasing the equivalents of the inorganic base solution and bromo-
substituted nitrile reagents, as well as prolonging the reaction time. Subsequent analysis confirmed
that no nitrogen-modified products were formed. Additionally, the same method was successfully
applied to react petromurin C with various other bromo-substituted nitrile reagents, leading to the
synthesis of compounds 2-7 (Figure 2). However, when bromopropionitrile was used as the modifying
agent, the expected compound 16 was not obtained.
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Compounds 1-7 Petromurin C Compounds 8, 10-15

Compound 9: OR=0OH
Electrophiles

N
N N
—
Br\(\/)s// A | CH,Br=0, m, p
n=1,2,3,4,5 CH, Br

Figure 1. The synthetic route of petromurin C derivatives. Reagents and condutions. (i) 1 M aqueous
K>COs, dry N,N-Dimethylformamide, r.t., 4 h. (ii) NaH (60% dispersion in mineral oil),
dry N,N-Dimethylformamide, 0°C tor.t., 4 h.

Figure 2. Nitrile-containing Petromurin C derivatives
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Since the aforementioned method failed to achieve modification at the nitrogen atom, we
hypothesized that the weak basicity of the inorganic base (e.g., potassium carbonate) might be the
primary limiting factor. Compared to the phenolic hydroxyl group, the nitrogen atom in petromurin C
is surrounded by considerably greater steric hindrance, which necessitates a stronger base to enhance
its nucleophilic reactivity. Therefore, we replaced the base with sodium hydride (NaH) and repeated
the modification reaction using bromoacetonitrile. The results indicated that this new reaction system
not only efficiently afforded the desired compound 8. Using this strongly basic system, we further
synthesized compounds 10-15 by reacting petromurin C with various bromo-substituted nitrile
reagents. However, when bromopropionitrile was employed, the expected compound 17 was not
obtained; instead, only compound 9 was detected. This result confirms that substitution at the phenolic
hydroxyl group does not occur during the modification of petromurin C with bromopropionitrile.

In this study, structural modifications were conducted using petromurin C as the initial substrate.
Alkylation substitution reactions were employed to introduce nitrile groups onto phenolic hydroxyl
groups and nitrogen atoms, resulting in the synthesis of 15 derivatives.

3.2. Biological Assay
3.2.1. Cytotoxic Activity
Tablel. The cytotoxicity data of nitrile-containing petromurin C derivatives [ICso (UM) £SD]

Compounds MV4-11 K562 HL-60 L-02  293T

1 14.86+0.63 >20 >20 >100 >100

2 12.96+0.22 >20 >20 >100 >100

3 15.60+0.53 >20 >20 >100 >100

4 16.35+1.19 >20 >20 >100 >100

5 >20 >20 >20 >100 >100

6 >20 >20 >20 >100 >100

7 19.65+0.36 >20 >20 >100 >100

8 20.00+0.65 >20 >20 >100 >100

9 14.81+0.70 >20 >20 >100 >100

10 18.42+0.92 >20 >20 >100 >100

11 >20 >20 >20 >100 >100

12 >20 >20 >20 >100 >100

13 >20 >20 >20 >100 >100

14 >20 >20 >20 >100 >100

15 >20 >20 >20 >100 >100
Cisplatin 0.13+£0.01 - - - -

The in vitro cytotoxic activities of all Petromurin C derivatives were assessed using the CCK-8
cytotoxicity assay, with the results presented in (Table 1). The study employed multiple cell lines,
including MV4-11, HL-60, K-562, L-02, and 293T. The findings indicated that the derivatives
exhibited significant inhibitory activity against human acute myeloid leukemia MV4-11 cells, with
those substituted with aliphatic cyano groups demonstrating superior activity compared to derivatives
with aromatic cyano substitutions. Notably, at a concentration of 100 uM, the synthesized derivatives
exhibited low toxicity towards normal human cell lines L-02 and 293T. Although their potency against
MV4-11 was lower than that of the positive control drug cisplatin, the derivatives demonstrated
improved safety profiles.
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3.2.2. Anti-Mycobacterium Tuberculosis Activity

Additionally, all derivatives were tested against Mycobacterium tuberculosis, with compound 15
exhibiting strong inhibitory activity, as evidenced by a minimum inhibitory concentration (MIC) value
of 6.25 uM (Table 2).

Table2. The anti-Mycobacterium tuberculosis data (MIC, uM)

Compounds Indicator bacteria
M.tb H37Ra
1-14 >50
15 6.25
Isoniazid 0.03

4. Conclusion

In summary, we have successfully synthesized a series of nitrile-containing Petromurin C
derivatives and conducted an in vitro evaluation of their anti-tumor and anti-Mycobacterium
tuberculosis activities. The majority of the derivatives containing cyano groups demonstrated
moderate efficacy against MV4-11 cells. Notably, compound 15 exhibited significant inhibitory
activity against Mycobacterium tuberculosis. Furthermore, these derivatives were characterized by low
toxicity towards normal cells. It is our aspiration that this research will contribute valuable insights to
the field of drug discovery, particularly concerning chemical entities incorporating cyano groups.

Acknowledgements

This work was financially supported by the National Natural Science Foundation of China (Nos.
22207020), “Light of the West” Talent Cultivation Program of Chinese Academy of Sciences (No. RZ
[2022]4), Guizhou Health and Health Committee the Science and Technology Projects (No.
0zwkj2022-470), and Shanghai Sci-Tech Inno Center for Infection & Immunity (Grant No. SSllI-
2024A02).

Supporting Information

Supporting information accompanies this paper on http://www.acgpubs.org/journal/organic-
communications

ORCID

Lang An: 0009-0009-8350-3423
Yuchang Di: 0009-0000-1394-632X
Xuelian Zhang: 0000-0002-4999-3598
Liping Wang: 0000-0002-4015-7788
Yanchao Xu: 0000-0003-3500-3079

References

[1] Chen, S.; Cai, R.; Liu, Z.; Cui, H.; She, Z. Secondary metabolites from mangrove-associated fungi:
source, chemistry and bioactivities. Nat. Prod. Rep. 2022, 39, 560-595.

[2]  Chinnathambi, A.; Salmen, S. H.; Al Garadi, M. A.; Wainwright, M.; Alharbi, S. A. Marine
actinomycetes: An endless source of potentially therapeutic novel secondary metabolites and other
bioactive compounds. J. King. Saud. Univ. Sci. 2023, 35, 102931.

[3] Wen, J.; Okyere, S. K.; Wang, S.; Wang, J.; Xie, L.; Ran, Y.; Hu, Y. Endophytic fungi: an effective
alternative source of plant-derived bioactive compounds for pharmacological studies. J. Fungi., 2022, 8,
205.


http://www.acgpubs.org/journal/organic-communications
http://www.acgpubs.org/journal/organic-communications
https://orcid.org/0000-0002-6898-0258
https://orcid.org/0009-0009-8350-3423
https://orcid.org/0009-0000-1394-632X
https://orcid.org/0000-0002-4999-3598
https://orcid.org/0000-0002-4015-7788
https://orcid.org/0000-0003-3500-3079

(4]
(5]

(6]
[7]

(8]
(9]
[10]
[11]
[12]

[13]

[14]

[15]

[16]

[17]

11

An et al., Org. Commun. (2025) X:X XX-XX

Maithani, D.; Sharma, A.; Gangola, S.; Choudhary, P.; Bhatt, P. Insights into applications and strategies
for discovery of microbial bioactive metabolites. Microbiol. Res. 2022, 261, 127053.

Katanami, Y.; Hashimoto, T.; Takaya, S.; Yamamoto, K.; Kutsuna, S.; Takeshita, N.; Hayakawa, K.;
Kanagawa, S.; Ohmagari, N. Amoxicillin and ceftriaxone as treatment alternatives to penicillin for
maternal syphilis. Emerg. Infect. Dis. 2017, 23, 827-829.

Nasca, M. R.; Pasquale, R. D.; Amodeo, S.; Fazio, A.; Tedeschi, A.; Micali, G. Treatment of Hailey-
Hailey disease with oral erythromycin. J. Dermatol. Treat. 2009, 11, 273-277.

Thaker, M.; Kalan, L.; Waglechner, N.; Eshaghi, A.; Patel, S. N.; Poutanen, S. M.; Willey, B. M.;
Coburn, B.; McGeer, A.; Low, D. E.; Wright, G. D. Vancomycin-variable enterococci can give rise to
constitutive resistance during antibiotic therapy. Antimicrob. Agents. Chemother. 2015, 59, 1405-1410.
Zhao, T.; Yang, M.; Ma, L.; Liu, X.; Ding, Q.; Chai, G.; Lu, Y.; Wei, H.; Zhang, S.; Ding, C. Structural
modification and biological activity of polysaccharides. Molecules. 2023, 28, 5416.

Wang, L.; He, L.; Wang, X.; Li, G.; Wang, D.; Xu, Y.; Zhu, W. Asteriquinones from Aspergillus sp.
GZWMJZ-258 and their derivatives. J. Nat. Prod. 2023, 86, 2522-2528.

Wang, X.; Wang, Y.; Li, X;; Yu, Z; Song, C.; Du, Y. Nitrile-containing pharmaceuticals: target,
mechanism of action, and their SAR studies. RSC. Med. Chem. 2021, 12, 1650-1671.

Fleming, F. F.; Yao, L. Ravikumar, P. C.; Funk, L.; Shook, B. C. Nitrile-containing pharmaceuticals:
efficacious roles of the nitrile pharmacophore. J. Med. Chem. 2010, 53, 7902-7917.

Wang, Y.; Du, Y.; Huang, N. A survey of the role of nitrile groups in protein-ligand interactions. Future.
Med. Chem. 2018, 10, 2713-2728.

Rabindran, S. K.; Discafani, C.; Rosfjord, E.; Baxter, M.; Floyd, M. B.; Golas, J.; Hallett, W.; Johnson,
B.; Nilakantan, R.; Overbeek, E.; Reich, M. F.; Shen, R.; Shi, X.; Tsou, H. R.; Wang, Y.;Wissner, A.
Antitumor activity of HKI-272, an orally active, irreversible inhibitor of the HER-2 tyrosine kinase.
Cancer. Res. 2004, 64, 3958-3965.

Roskoski, R. A historical overview of protein kinases and their targeted small molecule inhibitors.
Pharmacol. Res. 2015, 94, 9-25.

Munchhof, M. J.; Li, Q.; Shavnya, A.; Borzillo, G.; Boyden, T.; Jones, T.; LaGreca, S.; Martinez-Alsina,
L.; Patel, N.; Pelletier, K.; Reiter, L. A.; Robbins, M.; Tkalcevic, G. T. Discovery of PF-04449913, a
potent and orally bioavailable inhibitor of smoothened. ACS. Med. Chem. Lett. 2011, 3, 106-111.
Tominaga, H.; Ishiyama, M.; Ohseto, F.; Sasamoto, K.; Hamamoto, T.; Suzuki, K.; Watanabe, M. A
water-soluble tetrazolium salt useful for colorimetric cell viability assay. Anal. Commun. 1999, 36, 47-50.
Wiegand, I.; Hilpert, K.; Hancock, R. E. W. Agar and broth dilution methods to determine the minimal
inhibitory concentration (MIC) of antimicrobial substances. Nat. Protocol. 2008, 3, 163-175.

A CG

publications
© 2025 ACG Publications

11



