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DIKETOPIPERAZINE CONSTITUENTS

OF MARINE Bacillus subtilis

Xiaoling Lu,1,2 Yunheng Shen,3 Yuping Zhu,1              UDC 547.9
Qiangzhi Xu,1 Xiaoyu Liu,1 Kunyi Ni,2 Xin Cao,4

Weidong Zhang,3* and Binghua Jiao1

Marine organisms, especially marine microorganisms,  have been proven to be a rich source of diverse arrays of bioactive
metabolites with great potential for pharmaceutical and medical applications. Marine Bacillus subtilis is a common strain species,
which usually produces cyclopeptide, macrolide, indole derivatives, etc. In the course of further studies,  10 diketopiperazines:
cyclo(Leu-Ile) (1) [1], cyclo(Leu-Leu) (2) [2], cyclo(Trp-Pro) (3) [3], cyclo(Leu-Pro) (4) [4, 5], cyclo(Phe-Ala) (5) [6], cyclo(Phe-
Tyr) (6) [2], cyclo(benzyl-Gly) (7) [7], cyclo(Val-Val) (8) [8], cyclo(Gla-Tyr) (9) [9], cyclo(Ala-Tyr) (10) [10],
1-(4-hydroxyphenyl)ethanone (11) [11], and macrolactin B (12) [12] have been isolated from the marine Bacillus subtilis.
Among them, compound 7 is a new natural product. All the compounds have not been reported before from this species.

The strain 201721 has been derived from sea sediment of East Sea of China. It was isolated on F1 medium [Glucose
(6 g), peptone (5 g), and yeast extract (1 g) were dissolved in artifical seawater (1L)] with incubation for 4 days at 28°C. Due to
its chemical and morphological features as well as the 16S rDNA (GenBank accession number EF417872), the strain can be
identified as the genus Bacillus sp.
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The entire culture broth was centrifugated at 12000 rpm for 15 min, yielding the supernatant. The supernatant was
extracted with ethyl acetate 3 times. The combined extracts were evaporated in vacuo at 30°C to yield 5 g of the crude extract,
which was subjected to Sephadex LH-20 column and eluted with CHCl3–CH3OH (4:1) to get five fractions, one of which was
rechromatographed on middle-pressure LC with the gradient CH3OH–H2O. The fractions obtained were  chromatographyed on
a C8 semi-preparative LC (Zorbax Columns, RX-C8, 9.4 mm × 25 cm, 2 mL/min, 218 nm) using isocratic elution of CH3CN–
H2O, yielding compounds 1 (2 mg), 2 (2 mg), 3 (3 mg), 4 (2 mg), 5 (1 mg), 6 (3 mg), 7 (2 mg), 8 (1 mg), 9 (5 mg), 10 (3 mg), 11
(5 mg), and 12 (3 mg).

Cyclo(Leu-Ile) (1): white powder, C12H22N2O2. ESI-MS: m/z 249.5 [M+Na]+. 1H NMR (600 MHz, CD3OD,
CD3Cl, δ): 4.0 (1H, m, Leuα), 3.8 (1H, m, Ileα), 1.93 (1H, m, Ileβ), 1.74 (1H, m, Leuβ), 1.72 (1H, m, Leuβ), 1.71 (1H, m,
Ileγ), 1.54 (1H, m, Ileγ), 1.41 (1H, m, Leuγ), 1.2 (3H, d, Ileβ-CH3), 1.19 (3H, m, Leuγ-CH3), 0.88 (3H, d, Leuγ-CH3), 0.80
(3H, d, Ileδ);  13C NMR  (150 MHz, CD3OD, CD3Cl, δ):  169.58  (s, LeuCO),  168.08 (s, IleCO),  60.07   (d, Ileα),  53.26
(d, Leuα), 44.49 (t, Leuβ), 38.98 (d, Ileβ), 24.44 (t, Ileγ), 24.33 (d, Leuγ), 23.29 (q, Ileβ-CH3), 21.26 (q, Ileδ), 15.29 (q,
Leuγ-CH3), 11.72 (q, Leuγ-CH3).

Cyclo(Leu-Leu) (2): white powder, C12H22N2O2. ESI-MS: m/z 249.3 [M+Na]+. 1H NMR (600 MHz, CD3OD, CD3Cl,
δ): 3.9 (1H, m, Leuα), 1.8 (2H, m, Leuβ), 1.7 (1H, m, Leuγ), 1.5 (3H, d, Leuγ-CH3), 1.2 (3H, d, Leuγ-CH3); 13C NMR (150 MHz,
CD3OD, CD3Cl, δ): 169.12 (s, LeuCO), 53.23 (d, Leuα), 43.82 (t, Leuβ), 24.09 (d, Leuγ), 23.06 (q, Leuγ-CH3), 21.00 (q, Leuγ-CH3).

Cyclo(Trp-Pro) (3): white powder, C16H17N3O2.ESI-MS: m/z 306.4 [M+Na]+. 1H NMR (600 MHz, CD3OD, CD3Cl,
δ, J/Hz): 7.53 (1H, m, J = 7.8, Trp2′), 7.50 (1H, m, J = 7.2, Trp4′), 7.34 (1H, dd, J = 7.2, Trp7′), 7.12 (2H, m, J = 7.2, Trp6′), 7.03
(1H, m, J = 7.2, Trp5′), 4.36 (1H, m, Trpα), 4.00 (1H, m, Proα), 3.52 (2H, m, Proδ), 3.4 (1H, m, Trpβ), 3.1 (1H, m, Trpβ), 2.1 (1H,
m, Proβ), 1.7 (2H, m, Proβ, Proγ), 1.4 (1H, m, Proγ); 

13C NMR (150 MHz, CD3OD, CD3Cl, δ): 170.22 (s, ProCO), 166.68 (s,
TrpCO), 137.36 (s, Trp9′), 127.48 (s, Trp4′), 124.72 (d, Trp9′), 122.43 (d, Trp6′), 119.69 (d, Trp7′), 118.83 (d, Trp5′), 112.08 (d,
Trp8′), 108.92 (s, Trp3′), 59.66 (d, Proα), 55.84 (d, Trpα), 45.71 (t, Proδ), 28.57 (t, Proβ), 27.90 (t, Trpβ), 22.55 (t, Proδ).

Cyclo(Leu-Pro) (4): white powder, C11H18N2O2. ESI-MS: m/z 233.1 [M+Na]+ 211.1 [M+H]+. 1H NMR (600 MHz,
CD3OD, CD3Cl, δ): 4.1 (1H, m, Leuα), 4.0 (1H, m, Proα), 3.5 (2H, m, Proδ), 2.6 (2H, m, Proβ), 1.9 (2H, m, Proγ), 1.8 (2H, m,
Leuβ), 1.71 (1H, m, Leuγ), 1.1 (3H, d, Leuγ-CH3), 0.9 (3H, d, Leuγ-CH3); 13C NMR (150 MHz, CD3OD, CD3Cl, δ): 170.48 (s,
LeuCO), 166.26 (s, ProCO), 58.83 (d, Proα), 53.4 (d, Leuα), 45.41 (t, Proδ), 38.49 (t, Leuβ), 24.54 (t, Proβ), 23.16 (d, Leuγ), 22.67 (q,
Leuγ-CH3), 21.55 (t, Proγ), 21.24 (q, Leuγ-CH3).

Cyclo(Phe-Ala) (5): white needle, C12H14N2O2. ESI-MS: m/z 241.2 [M+Na] + m/z 217.6 [M-H]–. 1H NMR (600 MHz,
CD3OD, CD3Cl, J/Hz, δ): 7.20–7.35 (5H, m, PheAr), 4.27 (1H, m, J = 4.8, Pheα), 3.8 (1H, m, J = 7.2, Alaα), 3.19 (1H, m, Pheβ),
3.09 (1H, m, Pheβ), 0.8 (3H, d, Alaβ); 13C NMR (CD3OD, CD3Cl, 150 MHz): δ 167.00 (s, PheCO), 166.26 (s, AlaCO), 134.85
(s, Phe1′),  130.00  (d, Phe3′),  128.60  (d, Phe2′),  127.30  (d, Phe4′),  56.06  (d, Pheα),  50.47  (d, Alaα), 39.62 (t, Pheβ), 19.69
(q, Alaβ).

Cyclo(Phe-Tyr) (6): white needle, C18H18N2O3.   ESI-MS:  m/z 333.4  [M+Na]+. 1H NMR (600 MHz, DMSO-d6, δ,
J/Hz): 9.234 (1H, s, TyrOH), 7.836 (2H, s, TyrNH, PheNH), 7.287 (2H, d, J = 7.2, Phe2′), 7.203 (1H, d, J = 7.2, Phe4′), 7.043 (2H,
d, J = 7.8, Phe3′), 6.841 (2H, d, J = 8.4, Tyr2′), 6.679 (2H, d, J = 8.4, Tyr3′), 3.942 (1H, s, Tyrα), 3.886 (1H, d, Pheα), 2.58 (1H,
m, Tyrβ), 2.50 (1H, m, Tyrβ), 2.18 (2H, m, Pheβ); 13C NMR (125 MHz, DMSO-d6, δ): 166.13 (s, TyrCO), 166.12  (s, PheCO),
156.07 (s, Tyr4′), 136.62 (s, Phe1′), 130.75 (s, Tyr1′), 129.69 (d, Tyr2′), 128.13 (d, Phe3′), 127.90 (d, Phe2′), 126.38 (d, Phe4′),
114.98 (d, Tyr3′), 55.68 (d, Tyrα), 55.36 (d, Pheα), 39.08 (t, Tyrβ), 38.48 (t, Pheβ).

Cyclo(benzyl-Gly) (7): white powder, C10H10N2O2. ESI-MS: m/z 213.2 [M+Na]+. 1H NMR (600 MHz, CD3OD,
CD3Cl,  δ,  J/Hz):  7.216–7.337  (5H,  m,  benzylAr′),   4.28  (1H, dd, J = 6, benzylα), 3.38 (1H, m, Glyα), 2.89 (1H, m, Glyα);
13C NMR  (150 MHz,  CD3OD, CD3Cl, δ):  174.81  (s, benzylCO), 157.60 (s, Glyco), 135.31 (s, Ar1′), 129.15 (d, Ar2′), 128.63
(d, Ar3′), 127.17 (d, Ar4′), 59.70 (d, benzylα), 37.61 (t, Glyα).

Cyclo(Val-Val) (8): white powder, C10H18N2O2. ESI-MS: m/z 222 [M+Na +H]+. 1H NMR (600 MHz, CD3Cl, δ):
5.923 (1H, s, NH), 4.116 (1H, d, Valα), 2.5 (1H, m, Valβ), 1.25 (3H, d, Valγ), 0.9 (3H, d, Valγ); 

13C NMR (125 MHz, CD3Cl, δ):
167.42 (s, CO), 59.83 (d, Valα), 30.91 (d, Valβ), 18.26 (q, Valγ), 16.27  (q, Valγ).

Cyclo(Gla-Tyr) (9): white powder, C11H12N2O3. ESI-MS: m/z 243.7 [M+Na]+ 219.8 [M-H]–. 1H NMR (600 MHz,
DMSO-d6, δ, J/Hz): 9.85(1H, s, OH),  8.059 (1H, d, TyrNH),  7.817 (1H, s, GlyNH), 6.915 (2H, d, J = 8.4, Tyr2′), 6.636 (2H, d,
J = 8.4, Tyr3′), 3.954 (1H, d, Tyrα), 3.28 (1H, m, Glyα), 2.97 (1H, m, Glyα), 2.74 (1H, m, Tyrβ), 2.68 (1H, m, Tyrβ); 13C NMR
(DMSO-d6, 150 MHz): δ 167.38 (s, TyrCO), 165.73 (s, GlyCO), 156.27 (s, Tyr4′), 131.02 (d, Tyr2′), 125.73 (s, Tyr1′), 114.97 (d,
Tyr3′), 55.76 (d, Tyrα), 43.66 (t, Glyα), 38.17 (t, Tyrβ).
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Cyclo(Ala-Tyr) (10): white  powder, C12H14N2O3.   ESI-MS:  m/z 257.8 [M+Na]+.  1H NMR (600 MHz, CD3OD, δ,
J/Hz): 6.994 (2H, d, J = 8.4, Tyr2′), 6.704 (2H, d, J = 9, Tyr3′), 4.22 (1H, m, Tyrα), 3.76 (1H, m, Alaα), 3.15 (1H, dd, J = 3.6,
Tyrβ), 2.8 (1H, dd, J = 4.8, Tyrβ), 0.6 (3H, d, Alaβ); 13C NMR (125 MHz, CD3OD, δ): 170.71 (s, TyrCO), 170.63 (s, AlaCO),
157.95 (s, Tyr4′), 132.75 (d, Tyr2′), 127.1 (s, Tyr1′), 116.32 (d, Tyr3′), 57.6 (d, Tyrα), 51.75 (d, Alaα), 39.55 (t, Tyrβ), 20.43 (q,
Alaβ).

1-(4-Hydroxyphenyl)ethanone (11): a light green oil, C8H8O2. ESI-MS: m/z 159.0 [M+Na]+, m/z 135.1 [M-H]–.
1H NMR (600 MHz, CD3OD, CD3Cl, δ, J/Hz): 7.8 (2H, dd,  J = 4.8, Ar-2,2′), 6.8 (2H, dd, J = 4.8, Ar-3,3′), 2.543 (3H, s, CH3);
13C NMR (125 MHz, CD3OD, CD3Cl, δ): 197.87 (s, CO), 161.9 (s, Ar4′), 130.82 (d, Ar2′), 129.00 (s, Ar1′), 115.13 (d, Ar3′),
25.95 (t, CH3).

Macrolactin B (12):  a white solid, C30H44O10.   ESI-MS:  m/z  587.76  [M+Na]+,   m/z  600.20  [M+Cl]–. 1H NMR
(600 MHz, CD3OD, δ, J/Hz): 7.19 (1H, dd, J = 15, H-4), 6.71 (1H, dd, J = 15, H-9), 6.68 (1H, dd, J = 11.4, H-3), 6.23 (1H, dd,
J = 15, H-5), 6.16 (1H, dd, J = 11.2, H-17; 1H, dd, J = 15.2, H-10), 6.03 (1H, dd, J = 15, H-18), 5.62 (1H, dd, J = 15, H-8), 5.59
(1H, dd, J = 11.2, H-11), 5.58 (1H, dd, J = 15, H-19), 5.56 (1H, dd, J = 11.4, H-2; 1H, dd, J = 15.2, H-16), 5.0 (1H, m, H-23),
4.49 (1H, dd, H-7), 4.36 (1H, dd, H-15), 4.3 (1H, m, H-1′), 4.1 (1H, m, H-2′), 3.9 (1H, dd, H-13), 3.87 (1H, m, H-6′), 3.34 (1H,
m, H-4′),  3.28  (1H, m,  H-3′),  3.22 (1H, m, H-5′),  2.4, 2.5 (2H, m, H-12),  2.4, 2.5 (2H, m, H-6),  2.1, 2.2 (2H, m, H-20), 1.6
(2H, m, H-14), 1.6 (2H, m, H-22), 1.5 (2H, m, H-21), 1.2 (3H, d, H-24); 13C NMR (125 MHz, CD3OD, δ): 167.95 (s, C-1),
145.30 (d,  C-3),  142.2 (d, C-5),  135.46 (d, C-16),  134.85 (d, C-19),  133.96 (d, C-8), 131.78 (d, C-18),  131.37 (d, C-17),
130.93 (d, C-4), 129.87 (d, C-10), 129.42 (d, C-9), 129.09 (d, C-11), 117.78 (d, C-2), 101.12 (d, C-1′), 78.26 (d, C-4′), 77.99 (d,
C-7), 75.18 (d, C-3′) 72.41 (d, C-5′), 71.88 (d, C-2′), 71.84 (d, C-23), 69.73 (d, C-15), 69.10 (d, C-13), 62.9 (t, C-6′), 43.66 (t,
C-14), 41.4 (t, C-6), 36.54 (t, C-12), 35.99 (t, C-22), 32.83 (t, C-20), 25.54 (t, C-21), 20.13 (q, C-24).
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