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1. Additional examples of isolation of water-soluble alkaloids other than guanidines.

The water-soluble rohitukine (S1) has been isolated from different plant sources, but procedures involving 

chromatography separations proved as time-consuming and with unsatisfactory purity. An improved 

separation and purification procedure involved obtaining a water-soluble fraction from the defatted 

MeOH/CHCl3 extract. Purified S1 (98.6% purity) was obtained by three precipitation and re-crystallization 

steps. Rohitukine (S1) displayed cytotoxic activity against several leukemia, pancreas, prostate, breast and 

CNS cancer cell lines.1

     Several isoquinoline alkaloids claimed as water-soluble (e.g., S2) were obtained from the aerial parts of 

Portulaca oleracea using a rather complex isolation procedure.2 The 60% EtOH extract was fractionated 

by chromatography on polyamide using a gradient of EtOH in H2O ending with 1:7 25% NH4OH/85% 

EtOH. The most polar fractions were extracted with n-BuOH and the latter was separated by column 

chromatography on Si-gel (gradient of MeOH in EtOAc). The fractions obtained were then fractionated by 

column chromatography on polyamide, MCI gel, Sephadex LH-20, C18 RP Sigel and purified by C18 RP 

HPLC.2

     Water-soluble clathriroles A (S3) and B were isolated from the aqueous fraction of the 2:1 MeOH/acetone 

extract of the marine sponge Clathria prolifera. The H2O fraction was separated by chromatography on 

HP-20, then on Sephadex LH-20 and purified by RP preparative TLC eluted with 1:1:2 

MeOH/MeCN/H2O.3 The growth medium of the cyanobacterium Leptolyngbya sp. yielded polar 

leptazolines A−D (e.g., A and B, S4 and S5) after the medium adsorption on HP-20 and desorption with 

MeOH, followed by a series of separations and purifications by C18 RP HPLC.4

     Some alkaloids are C-, O- or N-glycosylated, conferring an improved solubility in water. Such is the 

case of surugatoxin (S6), isolated from the Japanese ivory shell Babylonia japonica by chromatography 

on Sephadex G-25 and on CM Sephadex C-25 (cationic exchange resin).5 N-glycosylated alkaloids such 

as S7 have been isolated from the 80% MeOH extract of the fruiting bodies of the basidiomycete 
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Cortinarius brunneus. The extract was separated by chromatography on HP-20, then by C2 reversed-

phase chromatography, followed by Sephadex LH-20 and purified by C18 reversed-phase HPLC.6 Indoline 

glucosides such as oleracein K (S8) were isolated from the 60% EtOH extract of the aerial parts of 

Portulaca oleracea.7 Although such compounds are not strictly alkaloids, since the nitrogen constitutes an 

amide group, the carboxylic acid group and the two sugar residues confer water-solubility to these 

metabolites. Isolation included chromatography on polyamide (gradient of MeOH in H2O, ending with 

25% NH4OH/85% EtOH), Sephadex LH-20 (distinct eluents for different fractions obtained from the 

separation on polyamide), chromatography on MCI gel and purification by RP C18 HPLC. Oleracein K 

(S8) displayed DPPH• scavenging twice as potent as of vitamin C, at 15.3 M.7 Betacyanins (e.g. 

amaranthine, S9) were isolated from flowers, leaves and stems of Celosia spp. by extracting with 30% 

acetone + 1% HCO2H and separation by IEC (unspecified) and two separations by HSCCC, using tert-

butylmethyl ether/n-BuOH/MeCN/H2O (+ 0.7% heptafluorobutyric acid) (2:2:1:5) and EtOH/MeCN/n-

PrOH/(NH4)2SO4 saturated H2O (0.5:0.5:0.5:1.2:1).8
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1. V. Kumar, S. K. Guru, S. K. Jain, P. Joshi, S. G. Gandhi, S. B. Bharate, S. Bhushan, S. S. Bharate, R. 

A. Vishwakarma, Bioorg. Med. Chem. Lett. 2016, 26, 3457-3463.

2. T. Y. Jin, S. Q. Li, C. R. Jin, H. Shan, R. M. Wang, M. X. Zhou, A. L. Li, L. Y. Li, S. Y. Hu, T. Shen, 

L. Xiang, J. Nat. Prod., 2018, 81, 768-777.

3. S. Y. Woo, N. N. Win, C. P. Wong, T. Ito, S. Hoshino, H. Ngwe, A. A. Aye, N. M. Han, H. Zhang, F. 

Hayashi, I. Abe, H. Morita, J. Nat. Med., 2018, 72, 803-807.

3. J. B. Neupane, R. P. Neupane, Y. Luo, W. Y. Yoshida, R. Sun, P. G. Williams, Org. Lett. 2019, 21, 

8449-8453.

5. T. Kosuge, H. Zenda, A. Ochiai, N. Masaki, M. Noguchi, S. Kimura, H. Narita, Tetrahedron Lett. 

1972, 2545-2548.

6. A. Teichert, J. Schmidt, A. Porzel, N. Arnold, L. Wessjohann, Chem. Biodiv. 2008, 5, 664-669.
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7. Z. Z. Jiao, S. Yue, H. X. Sun, T. Y. Jin, H. N. Wang, R. X. Zhu, L. Xiang, J. Nat. Prod. 2015, 78, 

2588-2597.

8. A. Spórna-Kucab, A. Milo, A. Kumorkiewicz, S. Wybraniec, J. Chromatogr. B 2018, 1073, 96-103.

2. Additional examples of isolation of -lactam antibiotics

Additional examples of isolation of water-soluble -lactam antibiotics include C-2801X (S10),9 

nocardicins (e.g., nocardicin B, S11),10,11 MM17880 (S12),12 MM4550 (S13),13 MM 17880 (S14)14 and 

related derivatives with no details regarding isolation procedures,14,15 PS-5 (S15)16 and related 

antibiotics,17 sulfazecin (S16)18 and isosulfazecin,19 formadicins (e.g., formadicin A, S17),20 as well as 

clavamycins (e.g., clavamycin A, S18).21
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9. H. Fukase, T. Hasegawa, K. Hatano, H. Iwasaki, M. Yoneda, J. Antibiot., 1976, 29, 113-20.

10. M. Kurita, K. Jomon, T. Komori, N. Miyairi, H. Aoki, S. Kuge, T. Kamiya, H. Imanaka, J. Antibiot., 

1976, 29, 1243-1245.

11. H. Aoki, H.-I. Sakai, M. Kohsaka, T. Konomi, J. Hosoda, Y. Kubochi, E. Iguchi, H. Imanaka, J. 

Antibiot., 1976, 29, 492-500.

12. D. F. Corbett, A. J. Eglington, T. T. Howarth, J. Chem. Soc., Chem. Comm., 1977, 953-954.

13. A. G. Brown, D. F. Corbett, A. J. Eglington, T. T. Howarth, J. Chem. Soc., Chem. Comm., 1977, 523-

525.

14. J. D. Hood, S. J. Box, M. S. Verrall, J. Antibiot, 1979, 32, 295-304.

15. A. G. Brown, D. F. Corbett, A. J. Eglington, T. T. Howarth, J. Antibiot, 1979, 32, 961-963.

16. K. Okamura, S. Hirata, Y. Okumura, Y. Fukagawa, Y. Shimauchi, K. Kouno, T. Ishikura, J. Lein, J. 

Antibiot, 1978, 31, 480-482.

17. N. Shibamoto, A. Koki, M. Nishino, K. Nakamura, K. Kiyoshima, K. Okamura, M. Okabe, R. 

Okamoto, Y. Fukagawa, Y. Shimauchi, T. Ishikura, J. Lein, J. Antibiot., 1980, 33, 1128-1137.

18. M. Asai, K. Haibara, M. Muroi, K. Kintaka, T. Kishi, J. Antibiot., 1981, 34, 621-627.
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19. K. Kintaka, K. Haibara, M. Asai, A. Imada, J. Antibiot., 1981, 34, 1081-1089.

20. a) N. Katayama, Y. Nozaki, K. Okonogi, H. Ono, S. Harada, H. Okazaki, J. Antibiot., 1985, 38, 1117-

1127; b) T. Hida, S. Tsubotani, N. Katayama, H. Okazaki, S. Harada, J. Antibiot., 1985, 38, 1128-1140.

21. a) H. D. King, J. Langhärig, J. J. Sanglier, J. Antibiot., 1986, 39, 510-515; b) H. U. Naegeli, H.-R. 

Loosli, A. Nussbaumer, J. Antibiot., 1986, 39, 516-524.

3. Additional examples of isolation of glycosylated compounds

3.1 Glycosylated polyphenols

Water-soluble phenylpropanoids have also been reported as polyphenol derivatives. Examples include 

salvianolic acids (e.g., salvianolic acid E, S19) from the roots of Salvia miltiorrhiza, extracted with 70% 

EtOH. The acidified aqueous fraction was partitioned against EtOAc and the organic fraction was 

separated by chromatography on Sephadex LH-20 (twice).22 Since salvianolic acids display biological 

activities as antioxidants, as free radicals scavengers, as well as protection of neural cell injuries promoted 

by anoxia, an improved method was developed for the isolation of these compounds by HSCCC.23 The 

isolation of 6-(2-carboxyvinyl)-7-methoxy-5-hydroxy-benzofuran-5-O--D-glucopyranoside (S20) from 

the H2O fraction of the MeOH extract from the stems of Ficus tikoua included chromatography on D101 

macroporous resin, IEC and purification by HPLC.24
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22. C.-b. Ai, L.-n. Li, Planta Med., 1992, 58, 197-199.
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23. a) J. Chen, F. Wang, F. S.-C. Lee, X. Wang, M. Xie, Talanta 2006, 69, 172-179; b) Y. Sun, H. Zhu, J. 

Wang, Z. Liu, J. Bi, J. Chromatogr. B 2009, 877, 733-737.

24. S. Wei, J. Zhang, W. Wu, Z. Ji, Chem. Nat. Compd. 2014, 49, 1134-1136.

3.2 Water-soluble terpenoid glycosides other than saponins

Examples of non-iridoid water-soluble terpene glycosydes are loquatifolin A (S21) from the leaves of 

Eriobotrya japonica,25 capsianside A (S22, no isolation procedures reported) from fresh fruits of 

Capsicum annuum var. fasciculatum,26 rufusoside B (S23) from the aerial parts of Senecio rufus,27 

anatolioside B (S24) from the leaves of Viburnum orientale,28 dictamnoside M (S25) from the root bark of 

Dictamnus dasycarpus,29 epimeric suspensoside A (6R-S26) and suspensoside B (6S-S26) from saliva of 

the Caribbean fruit fly Anastrepha suspensa,30 compound S27 and similar metabolites from the glandular 

trichomes of Solanum habrochaites,31 and peyssonnoside B (S28) from the marine red alga Peyssonnelia 

sp.32
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25. H. Yanagisawa, Y. Ohshima, Y. Okada, K. Takahashi, S. Shibata, Chem. Pharm. Bull., 1988, 36, 

1270-1274.

26. S. Yahara, Y. Izumitani, T. Nohara, Tetrahedron Lett., 1988, 29, 1943-1946.

27. D.-L. Cheng, X.-P. Cao, J.-K. Cheng, E. Roeder, Phytochem., 1993, 32, 151-153.

28. I. Çaliş, A. Yürüker, H. Rüegger, A. D. Wright, O. Sticher, Helv. Chim. Acta, 1993, 76, 416-424.

29. J. Chang, L.-J. Xuan, Y.-M. Xu, J.-S. Zhang, J. Nat. Prod., 2001, 64, 935-938.

30. S. S. Walse, F. Lu, P. E. A. Teal, J. Nat. Prod., 2008, 71, 1726-1731.
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31. E. A. P. Ekanayaka, C. Li, A. D. Jones, Phytochem., 2014, 98, 223-231.

32. B. K. Chhetri, S. Lavoie, A. M. Sweeney-Jones, N. Mojib, V. Raghavan, K. Gagaring, B. Dale, C. W. 

McNamara, K. Soapi, C. L. Quave, P. L. Polavarapu, J. Kubanek, J. Org. Chem., 2019, 84, 8531-8541.

4. Additional examples of isolation of guanidines, amidines and 2-aminoimidazoles

4.1 Bromopyrrole alkaloids with a guanidine moiety

The amidine-bearing manzacidins A-C (e.g., manzacidin B, S29) were isolated from the H2O extract of 

the sponge Hymeniacidon sp. by NP Si-gel chromatography followed by purification by C18 RP HPLC.33 

Styloguanidines (e.g., styloguanidine A, S30) were isolated from the sponge Stylotella aurantium.34 

Additional examples of water-soluble members of this class include clathramides (e.g., clathramide A, 

S31) from the sponge Agelas clathrodes,35 konbu’acidin A (S32) from Hymeniacidon sp.,36 

taurodiscapamide A (S33) from Agelas oroides,37 stylissadine A (S34) from Stylissa caribica,38 as well as 

several additional alkaloids isolated mainly from marine sponges.
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33. J. Kobayashi, F. Kanda, M. Ishibashi, H. Shigemori, J. Org. Chem., 1991, 56, 4574-4576.

34. T. Kato, Y. Shizuri, H. Izumida, A. Yokoyama, M. Endo, Tetrahedron Lett., 1995, 36, 2133-2136.

35. F. Cafieri, E. Fattorusso, A. Mangoni, O. Taglialatela-Scafati, Tetrahedron, 1996, 52, 13713-13720.

36. J. Kobayashi, M. Suzuki, M. Tsuda, Tetrahedron, 1997, 53, 15681-15684.

37. E. Fattorusso, O. Taglialatela-Scafati, Tetrahedron Lett., 2000, 41, 9917-9922.

38. A. Grube, M. Köck, Org. Lett., 2006, 8, 4675-4678.

4.2 Additional examples of isolation of macrocyclic lactones with an alkyl-guanidine side chain

Several macrocyclic lactones bearing an alkyl-guanidine side chain have been isolated, including 

scopafungin (C18 RP CC and C18 RP HPLC),39 niphithricins (XAD-2, n-BuOH, NP Si-gel, CCC, LH-20, 

DCCC),40 copiamycins (precipitation and NP Si-gel CC;41 NP Si-gel CC and NP Si-gel prep TLC;42 NP 

Si-gel CC, LH-20, NP Si-gel prep TLC and LH-2043). The most recent report of macrocyclic lactones 

bearing an alkyl-guanidine side chain is that of niphimycins C−E (e.g., niphimycin C, S35) from cultures 

of a marine-derived Streptomyces sp. IMB7-145.44
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S35

1. Culture medium XAD-7HP
2. Si-gel CC
3. Sephadex LH-20
4. C18 RP HPLC

39. D. Samain, J. C. Cook, Jr., K. L. Rinehart, Jr., J. Am. Chem. Soc., 1982, 104, 4129-4141.

40. H.-P. Fiedler, W. Wörner, H. Zähner, H. P. Kaiser, W. Keller-Schierlein, A. Müller, J. Antibiot., 1981, 

34, 1107-1118.

41. T. Arai, S. Kuroda, H. Ohara, Y. Katoh, H. Kaji, J. Antibiot., 1965, 18A, 63-67.

42. T. Arai, J. Uno, I. Horimi, K. Fukushima, J. Antibiot., 1984, 37, 103-109.

43. T. Fukai, T. Nomura, J. Uno, T. Arai, Heterocycles, 1986, 24, 3351-3358.

44. Y. Hu, M. Wang, C. Wu, Y. Tan, J. Li, X. Hao, Y. Duan, Y. Guan, X. Shang, Y. Wang, C. Xiao, M. 

Gan, J. Nat. Prod., 2018, 81, 178-187.

4.3 Additional examples of isolation of plant guanidines

Enduracididine (S36) and 2-[2-amino-2-imidazolin-4(5)-yl] acetic acid (S37) have been isolated from the 

seeds of Lonchocarpus sericeus by a series of separations by IEC.45 Martinelline (S38) has been isolated 

from the roots of Martinella iquitosensis by C18 RP CC and C18 RP HPLC.46 Cimipronidine (S39) was 

isolated from the roots of Cimicifuga racemosa.47 The bis-guanidines 1,1-bis-N1,N1’-

tetramethylguanidinomethane (S40) and 1,4-bis-N1,N1’-tetramethylguanidinobutane (S41) have been 

isolated from the leaves of Verbesina peraffinis.48 Nitensidine E (S42) was isolated from the leaves of 

Pterogyne nitens.49 Plantagoguanidinic acid (S43) was isolated from the seeds of Plantago asiatica.50 
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Cernumidine (S44) was isolated from the leaves of Solanum cernuum.51 A series of guanidine alkaloids 

have been isolated from Plumbago zeylanica, among which plumbagine F (S45).52 Plantadeprate A (S46) 

was isolated from the seeds of Plantago depressa.53

CO2H
HN

NH
HN

NH2

CO2HHN
NH

HN

1. 70% EtOH
2. IEC Dowex 2X8
3. IEC Amberlite CG-50
4. IEX Dowex 50X8
5. IEC Amberlite CG-50
6. IEC Dowex 50W-X8
7. MeOH/1:1 EtOH-Et2O, crystallization

S36 S37 O

O

HN

NH2HN

N
H

N
HN

HN

H
N

H
N

NHS38

1. 1:1 CH2Cl2/MeOH
2. C18 RP CC
3. C18 RP HPLC

N

NH2HN
CO2H

S39
1, n-BuOH
2. XAD-2
3. MCI gel CHP20P
4. C18 RP HPLC

N
H

N
H

Me2N

NH

NMe2

NH

S40

Me2N N
H

NH
H
N

NH

NMe2

S411. H2O
2. lyophilization
3. MeOH, filtration
4. Sephadex LH-20
5. C18 RP SPE

HN

N
H

HN

S42

1. n-BuOH
2. Sephadex LH-20
3. C18 RP CC
4. C18 RP HPLC

CO2H

HN
NH

NH
S43

1. n-BuOH
2. NP Si-gel
3. Sephadex LH-20
4. Aminopropyl HPLC

MeO

HO
H
N

O

N

H2N NH

S44

1. EtOH
2. Sephadex LH-20
3. C18 RP HPLC (2 x)

HO

N
N

HN

CO2H

OH

1. 70% acetone
2. H2O
3. MCI gel
4. C18 RP CC
5. C18 RP HPLC

S45

N

H
N

H
N

OHH

O2C

1. 70% EtOH
2. AB-8 resin
3. MCI gel
4. DEAE Sephadex A-25
5. C18 RP CC
6. Sephadex LH-20

S46

45. L. E. Fellows, R. C. Hider, E. A. Bell, Phytochem., 1977, 16, 1957-1959.

46. K. M. Witherup, R. W. Ransom, A. C. Graham, A. M. Bernard, M. J. Salvatore, W. C. Lumma, P. S. 

Anderson, S. M. Pitzenberger, S. L. Varga, J. Am. Chem. Soc., 1995, 117, 6682-6685.

47. D. S. Fabricant, D. Nikolic, D. C. Lankin, S.-N. Chen, B. U. Jaki, A. Krunic, R. B. van Breemen, H. 

H. S. Fong, N. R. Farnsworth, G. F. Pauli, J. Nat. Prod., 2005, 68, 1266-1270.
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48. R. S. Compagnone, J. Bermudez, G. Ibáñez, B. Díaz, M. R. Garrido, A. Israel, A. I. Suárez, Nat. Prod. 

Commun., 2008, 3, 511-514.

49. L. O. Regasini, I. Castro-Gamboa, D. H. S. Silva, M. Furlan, E. J. Barreiro, P. M. P. Ferreira, C. 

Pessoa, L. V. Costa-Lotufo, M. O. Moraes, M. C. M. Young, V. S. Bolzani, V. S. J. Nat. Prod., 2009, 72, 

473-476.

50. Y. Goda, N. Kawahara, F. Kiuchi, K. Hirakura, Y. Kikuchi, H. Nishimura, M. Takao, M. Marumoto, 

H. Kitazaki, J. Nat. Med., 2009, 63, 58-60.

51. L. C. Lopes, B. Roman, M. A. Medeiros, A. Mukhopadhyay, P. Utrilla, J. Gálvez, S. G. Mauriño, V. 

Moltiva, A. Lourenço, A. San Feliciano, Tetrahedron Lett., 2011, 52, 6392-6395.

52. H.-J. Cong, S.-W. Zhang, Y. Shen, Y. Zheng, Y.-J. Huang, W.-Q. Wang, Y. Leng, L.-J. Xuan, J. Nat. 

Prod., 2013, 76, 1351-1357.

53. X.-M. Zheng, F.-W. Meng, F. Geng, M. Qi, C. Luo, L. Yang, Z.-T. Wang, J. Nat. Prod., 2015, 78, 

2822-2826.

4.4 Additional examples of isolation of streptothricins

Alternative separation procedures for streptothricins included chromatography on cellulose powder. Ion-

exchange chromatography was preferably performed with solutions of a strictly defined concentration of 

NaCl. Later on, chromatography on Sephadex LH-20 was also utilized with 9:1 MeOH/H2O as eluent.54 

Isolation procedures other than using exclusively ion-exchange chromatography and chromatography on 

cellulose powder were subsequently developed for albothricin (S47),55 12-carbamoylstreptothricin D 

(S48)56 and streptothricin acids (e.g., streptothricin acid D, S49), 57 as well as for additional 

streptothricins.58-60



S17

O

OH
O

OH
NH

O

H
N

N
H

NMe
N

O
H

H

H2N
NH2

S47

H2N

O

1. Filtered medium, pH 2
2. pH 6, IEC Amberlite IRC-50
3. IEC CM-Sephadex C-25
4. Diaion CHP-20
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O
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S49

O

NH2
OH

O NH2

N
H

O NH2
NH2

NH2

1. Filtered medium, pH 3.5
2. pH 8, IEC HD-2
3. IEC CM-Sephadex C-25
4. active charcoal
5. ion-pair RP-HPLC

54. H. Taniyama, Y. Sawada, T. Kitagawa, J. Chromatogr., 1971, 56, 360-362.

55. K. Ohba, H. Nakayama, K. Furihata, K. Furihata, A. Shimazu, H. Seto, N. Otake, Y. Zhao-Zhong, X. 

Li-Sha, X. Wen-Si, J. Antibiot., 1986, 39, 872-875.

56. Z. Ji, M. Wang, J. Zhang, S. Wei, W. Wu, J. Antibiot., 2007, 60, 739-744.

57. Z. Ji, M. Wang, S. Wei, J. Zhang, W. Wu, J. Antibiot., 2009, 62, 233-237.

58. M. Gan, X. Zheng, L. Gan, Y. Guan, X. Hao, Y. Liu, S. Si, Y. Zhang, L. Yu, C. Xiao, J. Nat. Prod., 

2011, 74, 1142-1147.

59. M. Gan, Y. Guan, X. Zheng, Y. Yang, X. Hao, Y. Liu, L. Yu, C. Xiao, J. Antibiot., 2012, 65, 513-516.

60. M. Gan, X. Zheng, Y. Liu, Y. Guan, C. Xiao, Bioorg. Med. Chem. Lett., 2012, 22, 6151-6154.

5. Additional examples of isolation of modified nucleosides

5.1 Marine-derived nucleosides
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The iodinated nucleoside 4-amino-7-(5’-deoxy--D-xylofuranosyl)-5-iodopyrrolo[2,3-d]pyrimidine (S50) 

was isolated from the ascidian Diplosoma sp.,61 the first internally cyclized nucleoside N3,5’-

cycloxanthosine (S51) from an Eryus sp. marine sponge62 and methylsulfinyladenosine nucleosides (e.g., 

S52) from the ascidian Herdmania momus.63

N

N

N

NH2

O

H3C

OH

OH
S50

1. acetone
2. CHCl3
3. Si-gel CC
4. C18 RP CC
5. NP Si-gel HPLC
6. C18 RP HPLC

I

N
HN

N N

O

O OH

OH
S51

1. EtOH
2. H2O
3. Sephadex G-10
4. C18 RP HPLC

O

N

NN

N

NH2

O OH

O
S52

1. MeOH
2. n-BuOH
3. MPLC YMC gel ODS-A
4. MPLC Shodex-packed NH-5E
5. MPLC YMC-packed C-8 column

S
Me

O

O

N
H

OH

Br

61. P. Margiastuti, T. Ogi, T. Teruya, J. Taira, K. Suenaga, K. Ueda, Chem. Lett., 2008, 37, 448-449.

62. R. J. Capon, N. S. Trotter, J. Nat. Prod., 2005, 68, 1689-1691.

63. J. L. Li, E. L. Kim, H. Wang, J. Hong, S. Shin, C.-K. Lee, J. H. Jung, Bioorg. Med. Chem. Lett., 2013, 

23, 4701-4704.

8.2 Microbial nucleosides

Agrocin 84 (S53) produced by Agrobacterium radiobacter var. radiobacter is an antibacterial modified 

nucleoside that is active against phytopathogenic Agrobacterium tumefaciens which causes crown gall 

disease.64 Nikkomycins (e.g., nikkomycin Z, S54) are antifungal agents produced by Streptomyces 

tendae.65 The antibiotic and cytotoxic showdomycin (S55) is produced by Streptomyces showdoensis.66 

2'-Amino-2’-deoxyadenosine (S56) was isolated from cultures of Actinomadura sp. and showed good 

antibacterial activity against Mycoplasma gallisepticum that causes avian respiratory diseases.67 

Oxetanocin (S57), isolated from cultures of Bacillus megaterium NK84-0218, is the only known example 

of an oxetane-bearing nucleoside. It is a potent anti-bacterial and anti-viral agent.68 Neplanocins (e.g., 
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neplanocin A, S58) are nucleosides bearing a carbocyclic ring which are either an epoxy-cyclopentane or 

a cyclopentene ring with potent anti-tumor and anti-viral activity.69 Oxanosine (S59) is a potent anti-

tumor agent isolated from cultures of Streptomyces capreolus.70 Peptidyl nucleosides are also known, 

some of which have a guanidine-bearing amino acid derivative, such as blasticidin S (S60), which is an 

anti-fungal agent against Pyricularia oryzae that causes rice blast disease.71 The same biological activity 

has been observed for amipurimycin (S61).72
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S53
1. H2O
2. Active charcoal
3. DEAE Sephadex A-50
4. BioGel P-2
5. Electrophoresis
6. BioGel P-2

O N
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OHHO
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CO2HO

NH2OH

N
HO

S54

1. H2O, pH 4.0
2. Celite filtration
3. IEC Dowex 50WX4
4. Amberlite IRA 401 S
5. SP Sephadex C25
6. BioGel P-2 (2 x)

H
N

O

OH

OH

HO

O O

1. Filtered broth (15 L)
2. pH 5.0, activated carbon
3. n-BuOH partition
4. Si-gel CC

S55

N

NN

N

O
NH2

OH

HO

NH2

1. Broth filtrate (20 L)
2. IEC Amberlite IRC-50
3. Si-gel
4. Si-gel Prep TLC
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N

NH2

O OH

OH

N

NN

N

OH

OH

HO

NH2

1. Broth filtrate (290 L)
2. IEC Dowex 50WX8
3. Diaion HP-20
4. Si-gel CC
5. Diaion HP-20
6. crystallization

S57 S58

1. Broth filtrate, pH 6.0 (200 L)
2. IEC Amberlite IR-120-B
3. pH 8.0, active carbon
4. Si-gel CC (2 x)
5. Hot H2O, recrystallization

O

N

O

NH2

N

N

O
OH

OH

HO

1. Broth filtrate
2. Active charcoal
3. carbon chromatography
4. Avicel chromatography

S59
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S60
1. Broth filtrate pH 4.0 (200 L)
2. Activated charcoal
3. pH 7.0, oxalic acid, filtration
4. IEC IR 4 B
5. IEC IR-50
6. acetone, precipitation
7. Al2O3 CC
8. acetone, recrystallization
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N NH2
O OH

OH

OH
HO

HO2C

NH
O

NH2

H

1. Broth filtrate
2. IEC IRA-410
3. Activated charcoal
4. Si-gel CC
5. IEC CG-50
6. 1:1 EtOH/H2O, crystallization

S61

64. a) W. P. Roberts, M. E. Tate, A. Kerr, Nature, 1977, 265, 379-381; b) R. J. Thompson, R. H. 

Hamilton, C. F. Pootjes, Antimicr. Agent. Chemother., 1979, 16, 293-296; c) J. G. Ellis, A. Kerr, M. Van 

Montagu, J. Schell, Physiol. Plant Pathol., 1979, 15, 311-316.

65. a) H.-P. Fiedler, R. Kurth, J. Langhärig, J. Delzer, H. Zähner, J. Chem. Tech. Biotechnol., 1982, 32, 

271-280; b) C. Bormann, W. Huhn, H. Zäehner, R. Rathmann, H. Hahn, W. A. Köenig, J. Antibiot., 1985, 

38, 9-16.

66. a) H. Nishimura, M. Mayama, Y. Komatsu, H. Kato, N. Shimaoka, Y. Tanaka, J. Antibiot., 1964, 17, 

148-55; b) K. R. Darnall, L. B. Townsend, R. K. Robins, Proc. Natl. Acad. Sci. USA, 1967, 57, 548-553.

67. Y. Iwai, A. Nakagawa, A. Nagai, K. Matsuyama, Y. Takahashi, M. Yamashita, A. Hirano, S. Omura, 

J. Antibiot., 1979, 32, 1367-1369.

68. a) N. Shimada, S. Hasegawa, T. Harada, T. Tomisawa, A. Fujii, T. Takita, J. Antibiot., 1986, 39, 

1623-1625; b) N. Shimada, S. Hasegawa, N. Shimada, A. Fujii, T. Takita, Y. Iitaka, J. Antibiot., 1986, 39, 

1626-1629.

69. a) S. Yaginuma, N. Muto, M. Tsujino, Y. Sudate, M. Hayashi, M. Otani, J. Antibiot., 1981, 34, 359-

366; b) M. Hayashi, S. Yaginuma, H. Yoshioka, K. Nakatsu, J. Antibiot., 1981, 34, 675-680; c) R. T. 
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Borchardt, B. T. Keller, U. Patel-Thombre, J. Biol. Chem., 1984, 259, 4353-4358; d) E. De Clercq, M. 

Cools, J. Balzarini, V. E. Marquez, D. R. Borcherding, R. T. Borchardt, J. C. Drach, S. Kitaoka, T. 

Konno, Antimicrob. Agents Chemother., 1989, 33, 1291-1297; e) E. De Clercq, Viruses, 2010, 2, 1322-

1339; doi:10.3390/v2061322.

70. N. Shimada, N. Yagisawa, H. Naganawa, T. Takita, M. Hamada, T. Takeuchi, H. Umezawa, J. 

Antibiot., 1981, 34, 1216-1218.

71. a) S. Takeuchi, K. Hirayama, K. Ueda, H. Sakai, H. Yonehara, J. Antibiot. A, 1958, 11, 1-5; b) M. 

Kimura, I. Yamaguchi, Pest. Biochem. Physiol., 1996, 56, 243-248.

72. a) S. Harada, T. Kishi, J. Antibiot., 1977, 30, 11-16; b) T. Iwasa, T. Kishi, K. Matsuura, O. Wakae, J. 

Antibiot., 1977, 30, 1-10; c) S. Wang, Q. Zhang, Y. Zhao, J. Sun, W. Kang, F. Wang, H. Pan, G. Tang, B. 

Yu, Angew. Chem. Int. Ed., 2019, 58, 10558-10562.

6. Additional examples of isolation of mycosporines and mycosporine-like amino acids

Chromatography on activated charcoal and IEC Dowex 50W was used for the isolation of shinorine (S62) 

from the red alga Chondrus yendoi.73 Mycosporines S62, S63 and S64 are the components of Helioguard 

365® and Helionori®.74 Isolation of mycosporine-taurine (S65) and of mycosporine-2 glycine (S66) from 

the sea anemone Anthopleura elegantissima was performed by RP C18 SPE of the 8:2 MeOH/H2O extract, 

followed by RP C8 HPLC, NP Si-gel HPLC and purification by HPLC with an aminopropyl-bonded Si-

gel column.75 Mycosporine S67 was isolated by RP C8 from the corals Pocillopora damicornis and 

Stylophora pistillata.76 Palythine-Thr (S68) and palythine-Ser sulfate (S69) were also isolated from S. 

pistillata by HPLC using RP C8, a size-exclusion HEMA BIO 1000 column, a mixed-mode C8/cation 

column and NP aminopropyl-bonded Si-gel column.77 A combination of IEC and HILIC was applied for 

the isolation of prasiolin (S70) from the terrestrial green alga Prasiola calophylla.78 Bostrychines (e.g., 

S71) were isolated from the red alga Bostrychia scorpioides bi Si-gel cc, RP C18 CC and final purification 
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by HPLC using a polar RP column of an ether-linked phenyl phase with polar end-capping.79 A similar 

polar-RP column was used for the final purification of klebsormidin A (S72) and B from the green 

microalgae Interfilum and Klebsormidium, after initial fractionation of the hydroalcoholic extract on 

Sephadex LH-20.80
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73. I. Tsujino, K. Yabe, I. Sekikawa, Bot. Mar., 1980, 23, 65-68.

74. E. G. Brunt, J. G. Burgess, Int. J. Cosmet. Sci., 2018, 40, 1-15.

75. W. R. Stochaj, W. C. Dunlap, J. M. Shick, Mar. Biol., 1994, 118, 149-156.

76. J. J. Wu Won, J. A. Rideout, B. E. Chalker, Tetrahedron Lett., 1995, 36, 5255-5256.

77. J. J. Wu Won, B. E. Chalker, J. A. Rideout, Tetrahedron Lett., 1997, 38, 2525-2526.

78. A. Hartmann, A. Holzinger, M. Ganzera, U. Karsten, Planta, 2016, 243, 161-169.

79. M. Orfanoudaki, A. Hartmann, H. Miladinovic, H. Nguyen Ngoc, U. Karsten, M. Ganzera, Mar. 

Drugs, 2019, 17, 356.

80. A. Hartmann, K. Glaser, A. Holzinger, M. Ganzera, U. Karsten, Front. Microbiol., 2020, 11, 499.
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7. Additional examples of isolation of phosphorus-containing water-soluble metabolites

The antibiotic and herbicidal phosalacine (S73) was isolated from cultures of Kitasatosporia 

phosalacinea KA-338.81 Antifungal rhizocticins (e.g., rhizocticin A, S74) have been isolated from 

cultures of Bacillus subtilis ATCC 6633.82 The antibiotic fosfonochlorin, (2-chloroacetyl)phosphonic acid 

(S75), has been isolated from cultures of Fusarium app. and Talaromyces flavus.83 Phosmidosine (S76) 

was isolated from cultures of Streptomyces RK-16 and displayed antifungal activity.84
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S73

1. Filtered broth (70 L)
2. IEC Diaion WA-30
3. Activated carbon
4. IEC Amberlite IR-120
5. RP C18 HPLC

H2N N
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O
PO3H2

1. Culture media (5 L)
2. pH 2.5, centrifugation
3. Lyophilization
4. 70% EtOH extraction
5. XAD-16
6. BioGel P-2
7. IEC CM-Sephadex C-25
8. Sephadex -10
9. C18 RP HPLC
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1. Filtered broth
2. IEC Dowex 21K
3. IEC Dowex 50WX4
4. IEC Amberlite CG-50
5. Preparative Si-gel TLC
6. IEC Dowex 50W-X4
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1. Filtered broth (60 L)
2. IEC IRC-50
3. HP-20
4. Activated charcoal
5. Cellulose CC
6. C18 RP HPLC
7. IEC Dowex 50WX8
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81. a) S. Omura, M. H. Murata, K. Hinotozawa, R. Oiwa, H. Tanaka, J. Antibiot., 1984, 37, 829-835; b) S. 

Omura, K. Hinotozawa, N. Imamura, M. Murata, J. Antibiot., 1984, 37, 939-940.

82. a) C. Rapp, G. Jung, M. Kugler, M. Loef, Liebigs Ann. Chem., 1988, 655-661; b) M. Kugler, W. 

Loeffier, C. Rapp, A. Kern, G. Jung, Arch. Microbiol., 1990, 153, 276-281.

83. M. Takeuchi, M. Nakajima, T. Ogita, M. Inukai, K. Kodama, K. Furuya, H. Nagali, T. Haneishi, J. 

Antibiot., 1989, 42, 198-205.

84. a) M. Uramoto, C.-J. Kim, K. Shin-ya, H. Kusakabe, K. Isono, D. R. Phillips, J. A. McCloskey, J. 

Antibiot., 1991, 44, 375-381; b) D. R. Phillips, M. Uramoto, K. Isono, J. A. McCloskey, J. Org. Chem., 

1993, 58, 854-859.
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8. Additional examples of isolation of polyamine alkaloids and polyamine conjugates

The antibiotic complex constituted by glysperin A (S77), B and C was isolated from cultures of Bacillus 

cereus.85 Bacillus laterosporus BMG162-aF2 was the source of the antitumor antibiotic spergualin 

(S78).86 Edeines (e.g., edeine A, S79) have been isolated from cultures of Bacillus brevis Vm4 and exhibit 

broad antibiotic spectrum against Gram-positive and -negative bacteria, yeasts, mould and mycoplasmas. 

Edeines eliminate plasmids that promote antibiotic resistance, have immunosuppressive activity, inhibit 

DNA biosynthesis and protein synthesis.87 Squalamines (e.g., squalamine, S80) isolated from the dogfish 

shark Squalus acanthias display antimicrobial and antifungal activity, among which S81 proved to be the 

most active natural squalamine.88 Hispidospermidin (S82) is produced in culture by Chaetosphaeronema 

hispidulum (Cda) Moesz NR 7127 as a new inhibitor of phospholipase C.89 Circinamide (S83) produced 

in culture by the cyanobacterium Anabaena circinalis NIES-41 was isolated by C18 RP cc, followed by 

C18 RP HPLC.90 Motuporamines A-C (e.g., motuporamine A, S84) were isolated as an inseparable 

mixture of macrocyclic homologues that displayed significant cytotoxic activity.91 Didemnimides A (S85) 

and B were isolated from the ascidian Didemnum sp. as anti-malarial agents.92 A particular group of 

water-soluble peptide-polyamine neurotoxins are derived from spiders and wasps, several members of 

which have been isolated using C18 RP HPLC.93
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1. Filtered broth, pH 6.5 (10 L)
2. IEC Amberlite IRC-50
3. IEC Amberlite CG-50
4. HP-20 (2 x)
5. IEC Amberlite CG-50
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NH OH O OH
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S78

1. Filtered broth (4,9 L)
2. IEC Amberlite IRC-50
3. IEC CM-Sephadex C-25
4. Sephadex LH-20
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O CO2H NH2

OH O
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NH2

1. Broth centrifugation
2. Phenol, 5% AcOH
3. Partitioning
4. Et2O, partitioning
5. Sephadex G-25
6. CCC

S79
OSO3H

HH

OH
H

N
H

N
H

H
N

R

1. Dogfish liver (20 kg) (Ref. 1012c)
2. 12% AcOH sol., 75 oC, 1 h
3. (NH4)2SO4, 95% EtOH, 6 days
4. Organic phase discarded
5. H2O soln., filtration
6. XAD-16, 20 h, H2O, EtOH
7. EtOH evapn., filtration
8. IEC propylsulfonic acid resin
9. C18 RP CC
10. IEC propylsulfonic acid resin
11. ultrafiltration

S81 R = (CH2)3NH2S80 R = H

1. Dogsih stomach (400 g) (Ref. 1012a)
2. Lyophilization, 4:6 1% AcOH/MeCN
3. Centrifugation, evaporation, 1% AcOH
4. BioGel P-30
5. C18 RP HPLC
6. IEC polysulfoethyl aspartamide HPLC
7. C4 RP HPLC
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N NMe2

1. Broth filtrate, pH 7.0 (17 L)
2. IEC Amberlite IRC-50
3. HP-21
4. pH 9.0, EtOAc
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S84

1. MeOH
2. EtOAc/H2O partitioning
3. H2O, 2:1 H2O/MeOH, filtration
4. Sephadex LH-20
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O

NH
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S85

1. MeOH
2. C8 RP CC
2. C18 RP CC
3. Sephadex LH-20

85. a) H. Kawaguchi, M. Konishi, T. Tsuno, T. Miyaki, K. Tomita, K. Matsumoto, K. Fujisawa, H. 
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Iinuma, S. Kunimoto, Y. Ikeda, H. Iwasawa, D. Ikeda, T. Takeuchi, J. Antibiot., 1981, 34, 1622-1624.

87. a) G. Roncar, Z. Kurylo-Borowska, L. C. Craig, Biochem., 1966, 5, 2153-2159; b) T. P. Hettinger, L. 

C. Craig, Biochem., 1970, 9, 1224-1232; c) Z. Kurylo-Borowska, J. Heaney-Kieras, Methods Enzymol., 

1983, 94, 441-451; d) Z. Czajgucki, R. Andruszkiewicz, W. Kamysz, J. Pept. Sci., 2006, 12, 653-662.
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93. A. Schäfer, H. Benz, W. Fiedler, A. Guggisberg, S. Bienz, M. Hesse, The Alkaloids, 1994, 45, 1-125.

9. Additional examples of isolation of polyhydroxylated metabolites other than glycosides

Water-soluble cyclohexene derivatives with OH/C ratios between 0.66 and 0.5 have been isolated from 

plants and microbial strains. The first of such polyhydroxylated carbocycles is conduritol A (S86), 

isolated from the bark of Marsdenia condurango in 1908,94 and re-isolated from the leaves of Gyrnnerna 

sylvestre.95 All six conduritol A stereoisomers have been synthesized for the assignment of the absolute 

stereochemistry.94 The water-soluble carbocycle KD16-U1 (S87) was isolated from cultures of 

Streptomyces filipinensis.96 The related water-soluble gabosines A (S88), B-K have been isolated from 

cultures of different Streptomyces strains.97 Polyhydroxylated sterols devoid of sugar units or sulfate 

groups have been recurrently isolated from marine sponges, soft corals and Echinodermata, but apparently 

none is water-soluble.98-101
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S86
1. Dried powdered leaves (7.9 kg)
2. Petroleum ether
3. MeOH, evaporation
4. H2O
5. pH 2.0, acids precipitation
6. Basic pH, bases extraction (CHCl3)
7. pH 7.0, acetone/H2O 5:1
8. Oil decanted, solvent removal
9. Boiling EtOH, crystallization

O

OH

OH

OH

S88

1. Filtered broth
2. Evaporation and lyophilization
3. MeOH extraction
4. Si-gel CC (2 x)
5. Sephadex LH-20

O

OH

OH

OH

HO

S87

1. Filtered broth (5 L)
2. Charcoal
3. Avicel cellulose CC
4. Si-gel
5. Recrystallization
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10. Additional examples of isolation of water-soluble peptides

Microcystin-RR (S89, previously named cyanoviridin-RR) is a widely distributed cyanobacterial toxin 

known to cause liver damage to humans and animals. It was first purified from Microcystis viridis NIES-

102 by a combination of anion exchange and size exclusion chromatography.102,103 From the same strain, 

the tricyclic depsipeptide microviridin (S90) was isolated by RP-HPLC followed by IEC.104 Streptide 

(S91), produced by Streptococcus thermophilus, features an unusual crosslink between two unactivated 

carbons of a lysine and a tryptophan residues and was isolated and purified using exclusively C18 RP CC 

and HPLC.105 Cryptomaldamide (S92) was discovered from the cyanobacterium Moorea producens strain 

by using MALDI mass spectrometry to investigate the metabolome of cyanobacterial cultures fed with 

15N-enriched NaNO3.106 Cryptomaldamide (S92) was also isolated using exclusively C18 RP CC and 

HPLC. Odilorhabdins (e.g., S93) are ribosome-targeting antibiotics produced by Xenorhabdus 

nematophila symbiotically associated with nematodes.107 Odilorhabdins were isolated by IEC followed by 

RP chromatography. Antimicrobial nisin J (S94) is produced by Staphylococcus capitis associated with 

the human skin microbiota.108 Isolation of S94 was performed by chromatography on XAD-16N and 

Sepharose beads, followed by C18 RP SPE and purification by C18 RP HPLC. A particular category of 

peptides are siderophores, peptides and peptide-derived metabolites that sequester iron from the 

environment to the benefit of the producing organism, which very often are water-soluble.109 Ferrichrome 

(S95) was obtained from the rust fungus Ustilago sphaerogena by repeated liquid-liquid extractions 

followed by recrystallization.110 Initially discovered from an Actinomyces subtropicus, albomycin (S96) 

was later isolated from Streptomyces griseus using adsorption on XAD-2 and XAD-4, SEC on Bio-Gel P-

2 and final purification by C18 RP HPLC.111 Fuscachelins (e.g., S97) were isolated from the moderate 

thermophile Thermobifida fusca by C18 RP HPLC with a 300 Å pore size column, suitable for the 

separation of peptides and proteins.112
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1. Lyophilized cells
2. H2O
3. BuOH, evaporation
4. OH-/H2O, precipitate impurities
5. DEAE Toyopearl 650 M
6. Toyopearl HW-40S

1. MeOH cell extract
2. C18 RP HPLC
3. TSK gel DEAE-2SW
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1. filtered broth
2. C18 RP SPE
3. C8 RP HPLC
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2. C18 RP SPE
3. C18 RP HPLC
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1. filtered broth
2. pH 7, IEC carboxymethyl
3. C18 RP SPE
4. C18 RP HPLC
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1. XAD-16N
2. pH 4.4, Sepharose
3. C18 RP SPE
4. Proteo Jupiter RP HPLC
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1. filtered broth
2. pH 10, filter
3. pH 7, filter
4. BnOH, partition
5. Et2O, partition
6. Evaporate H2O phase
7. MeOH crystallization
8. Recrystallization

1.Hyflo super-cel, filtered
2. XAD-2, concentration
3. XAD-4, lyophilization
4. Bio-gel P2
5.C18 RP LPLC
6. C18 RP HPLC

1.MeOH cell extract
2. C18 RP HPLC
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11. Additional examples of isolation of sulfated metabolites

     Some fungi produce monosulfated sterols. However, it is unclear if a single sulfate group is sufficient 

to make sterols water-soluble. For example, the isolation of sponge-derived 3,4-dihydroxy-pregn-5-en-

20-one-3-sulfate (S98) was reported from the aqueous fraction of the marine sponge Stylopus australis,113 

as well as echinoclasterol sulfate phenethylammonium salt (S99).114 While the fungal sterol sulfate S100 

https://doi.org/10.1016/j.ejmech.2020.112791
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isolated from cultures of Fusarium compactum does not appear to be water-soluble,115 the sterol sulfate 

Sch 601324 (S101) produced by Chrysosporium sp. is likely water-soluble.116

O

OH

HO3SO

1. 4:1 MeOH/toluene
2. Evpn., EtOAc/H2O
3. H2O evpn.
4. MeOH, filtration
5. C18 RP CC
6. Si-gel
7. Recrystallization EtOAc/MeOH
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HO3SO H

H
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AcO

OH

OSO3H
OH

OH

1. Fermentation broth (8 L)
2. NaCl (400 g) + MeCN (16 L)
3. MeCN, evapn.
4. SPE CG161 polymer
5. C18 RP semi-prep HPLC
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OH

OH
OH

OHH

HO

O3SO

NH3

S99

1. MeOH, evpn.
2. CHCl3/H2O partition
3. H2O/n-BuOH partition
4. n-BuOH
5. C18 RP CC
6. C18 RP HPLC

Several marine toxins display sulfate groups. DTX-4 (S102) was reported as the water-soluble first 

diarrhetic shellfish poisoning toxin, isolated from the cell pellet of the cultured dinoflagellate 

Prorocentrum lima.117 Some of the polyoxygenated linear and cyclized polyketides isolated from 

Amphidinium spp. dinoflagellates present sulfate groups. Amphidinol (S103, with no stereochemical 

assignment to any stereogenic center) was the first compound isolated in this series. Although not 

explicitly defined as water-soluble, its isolation procedure suggests water-solubility.118 The closest 

relative of S103 is amphidinol 3 (S104), obtained from 440 L of Amphidinium klebsii cultures,118a which 

lacks a sulfate group but was isolated along with amphidinol 2, by a procedure that implicitly indicates 

water solubility.118b While the stereochemistry of S103 has not been yet assigned, the stereochemistry of 

S104 has been recently revised.119 
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1. Harvested cells from 40 L culture
2. MeOH
3. H2O/Et2O and H2O/n-BuOH partition
4. n-BuOH
5. SEC Toyopearl HW-40
6. Sephadex LH-20
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S104
1. Harvested cells from 440 L culture
2. MeOH and acetone, pool, evpn.
3. H2O/EtOAc and H2O/n-BuOH partition
4. n-BuOH
5. SEC Toyopearl HW-40
6. Sephadex LH-20
7. C18 RP CC
8. C18 RP HPLC
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Xestoquinol sulfate (S105) was isolated from the sponge Xestospongia sapra, and proved to be a less 

effective inhibitor of DNA topoisomerase I and cytotoxic agent than the related desulfated derivatives.120 
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Among several bastadins, 15,34-O-disulfatobastadin 7 (S106) was the only with two sulfate groups 

isolated from the sponge Ianthella basta. Compound S106 was moderately active as inducer of Ca2+ ions 

release from Ca2+ stores within the sarcoplasmic reticulum of fast-twitch skeletal muscle through the Ca2+ 

channel.121 Toxadocial B (S107) was isolated along with additional antithrombotic toxadocials from the 

sponge Toxadocia cylindrica.122 Water-soluble callyspongins A (S108) and B have been isolated from the 

sponge Callyspongia truncata as cytotoxic agents.123 The bis-sulfated coumarin dasycladin A (S109) was 

isolated from the 1:1 H2O/MeOH extract of the marine alga Dasycladus vermicularis.124 Exiguaquinol 

(S110) was isolated from the sponge Neopetrosia exigua and inhibited Helicobacter pylori MurI, an 

enzyme that catalyzes the interconversion of L- into D-glutamate which is a building block of bacterial cell 

wall peptidoglycan chain.125
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S105

1. MeOH, evpn.
2. EtOAc/H2O
3. H2O/n-BuOH
4. n-BuOH
5. C18 RP CC
6. SEC Toyopearl HW-40F
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1. MeOH
2. Partition n-hexane, CHCl3, n-BuOH
3. n-BuOH
4. Sephadex LH-20
5. Si-gel CC
6. Sephadex LH-20
7. C18 RP HPLC
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1. MeOH, evpn.
2. H2O/Et2O and H2O/n-BuOH
3. n-BuOH
4. Sephadex LH-20
5. C18 RP HPLC (3 x)
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1. MeOH
2. H2O/EtOAc, H2O/n-BuOH
3. n-BuOH
4. SEC Toyopearl HW-40
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1. CH2Cl2 then MeOH
2. Then 1:1 H2O/MeOH
3. C18 RP CC
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S110

1. Extracted inline to C18 RP MPLC
2. C18 RP HPLC (2 x)
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12. Selected literature examples on the “capture” of hydrophobic natural products using adsorptive 
resins.
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Kanasaki, R.; Sakamoto, K.; Hashimoto, M.; Takase, S.; Tsurumi, Y.; Fujie, A.; Hino, M.; Hashimoto, S.; 
Hori, Y. J. Antibiot. 2006, 59, 137-144.
Kai, H.; Yamashita, M.; Takase, S.; Hashimoto, M.; Muramatsu, H.; Nakamura, I.; Yoshikawa, K.; Ezaki, 
M.; Nitta, K.; Watanabe, M.; Inamura, N.; Fujie, A. J. Antibiot. 2013, 66, 465-471.
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Polyketides
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Toyopearl HW-40
Alkaloid, polyphenols, terpenoids and monoglycosides
Nakagawa, H.; Takaishi, Y.; Fujimoto, Y.; Duque, C.; Garzon, C.; Sato, M.; Okamoto, M.; Oshikawa, T.; 
Ahmed, S. U. Chemical Constituents from the Colombian Medicinal Plant Maytenus laevis J. Nat. Prod. 
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Le Goff, G.; Martin, M.-T.; Servy, C.; Cortial, S.; Lopes, P.; Bialecki, A.; Smadja, J.; Ouazzani, J. J. Nat. 
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Prod. 2009, 72, 1502–1506.
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Hirata, T.; Bylka, W.; Mabry, T. J.; Cannon, J. F. J. Nat. Prod. 2006, 69, 394-396.
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Morita, H.; Suzuki, H.; Kobayashi, J. J. Nat. Prod. 2004, 67, 1628-1630.
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Duncan, C. J. G.; Cuendet, M.; Fronczek, F. R.; Pezzuto, J. M.; Mehta, R. G.; Hamann, M. T.; Ross, S. A. 
J. Nat. Prod. 2003, 66, 103-107.
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Ibrahim, M. A.; Mansoor, A. A.; Gross, A.; Ashfaq, M. K.; Jacob, M.; Khan, S. I.; Hamann, M. T. J. Nat. 
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Tsuda, M.; Oguchi, K.; Iwamoto, R.; Okamoto, Y.; Fukushi, E.; Kawabata, J.; Ozawa, T.; Masuda, A. J. 
Nat. Prod. 2007, 70, 1661–1663.
Ozaki, S.; Oe, H.; Kitamura, S. J. Nat. Prod. 2008, 71, 981–984.
Other compounds
Tsuda, M.; Sasaki, M.; Mugishima, T.; Komatsu, K.; Sone, T.; Tanaka, M.; Mikami, Y.; Kobayashi, J. J. 
Nat. Prod. 2005, 68, 273-276.
García, A.; Vázquez, M. J.; Quiñoá, E.; Riguera, R.; Debitus, C. J. Nat. Prod. 1996, 59, 782-785.
Bernart, M. W.; Cardellina II, J. H.; Balaschak, M. S.; Alexander, M. R.; Shoemaker, R. H.; Boyd, M. R. 
J. Nat. Prod. 1996, 59, 748-753.
------------------------------------------
14. Articles published in the Journal of Natural Products between 1996 and 2009 reporting the isolation 
of natural products using a column with cyanopropyl-bonded Si-gel as stationary phase in at least 
one of the isolation steps.
Alkaloids
Jayasuriya, H.; Herath, K. B.; Ondeyka, J. G.; Polishook, J. D.; Bills, G. F.; Dombrowski, A. W.; 
Springer, M. S.; Siciliano, S.; Malkowitz, L.; Sanchez, M.; Guan, Z.; Tiwari, S.; Stevenson, D. W.; 
Borris, R. P.; Singh, S. B. J. Nat. Prod. 2004, 67, 1036-1038.
Meragelman, K. M.; McKee, T. C.; Boyd, M. R. J. Nat. Prod. 2000, 63, 427-428.
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Kossuga, M. H.; MacMillan, J. B.; Rogers, E. W.; Molinski, T. F.; Nascimento, G. G. F.; Rocha, R. M.; 
Berlinck, R. G. S. J. Nat. Prod. 2004, 67, 1879-1881.
Diketopiperazines
Capon, R. J.; Stewart, M.; Ratnayake, R.; Lacey, E.; Gill, J. H. J. Nat. Prod. 2007, 70, 1746–1752.
Fatty acids and glycerides
Alam, N.; Bae, B. H.; Hong, J.; Lee, C. O.; Shin, B. A.; Im, K. S.; Jung, J. H. J. Nat. Prod. 2001, 64, 533-
535.
Zhao, Q.; Lee, S. Y.; Hong, J.; Lee, C. O.; Im, K. S.; Sim, C. J.; Lee, D. S.; Jung, J. H. J. Nat. Prod. 2003, 
66, 408-411.
Zhao, Q.; Mansoor, T. A.; Hong, J.; Lee, C. O.; Im, K. S.; Lee, D. S.; Jung, J. H. J. Nat. Prod. 2003, 66, 
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Schmidt, E. W.; Harper, M. K.; Faulkner, D. J. J. Nat. Prod. 1997, 60, 779-782.
Williams, P. G.; Yoshida, W. Y.; Moore, R. E.; Paul, V. J. J. Nat. Prod. 2002, 65, 1336-1339.
Ratnayake, A. S.; Bugni, T. S.; Feng, X.; Harper, M. K.; Skalicky, J. J.; Mohammed, K. A.; Andjelic, C. 
D.; Barrows, L. R.; Ireland, C. M. J. Nat. Prod. 2006, 69, 1582-1586.
Phenols and polyphenols
Baggett, S.; Protiva, P.; Mazzola, E. P.; Yang, H.; Ressler, E. T.; Basile, M. J.; Weinstein, I. B.; Kennelly, 
E. J. J. Nat. Prod. 2005, 68, 354-360.
Murphy, B. T.; Cao, S.; Norris, A.; Miller, J. S.; Ratovoson, F.; Andriantsiferana, R.; Rasamison, V. E. 
Kingston, D. G. I. J. Nat. Prod. 2005, 68, 417-419.
Groweiss, A.; Cardellina, J. H.; Boyd, M. R. J. Nat. Prod. 2000, 63, 1537-1539.
Gu, J. Q.; Park, E. J.; Vigo, J. S.; Graham, J. G.; Fong, H. H. S.; Pezzuto, J. M.; Kinghorn, A. D. J. Nat. 
Prod. 2002, 65, 1616-1620.
Leong, Y. W.; Harrison, L. J. J. Nat. Prod. 2004, 67, 1601-1603.
Polyacetylenes
Lim, Y. J.; Park, H. S.; Im, K. S.; Lee, C. O.; Hong, J.; Lee, M. Y.; Kim, D.; Jung, J. H. J. Nat. Prod. 
2001, 64, 46-53.
Kim, J. S.; Lim, Y. J.; Im, K. S.; Jung, J. H.; Shim, C. J.; Lee, C. O.; Hong, J.; Lee, H. J. Nat. Prod. 1999, 
62, 554-559.
Lim, Y. J.; Lee, C. O.; Hong, J.; Kim, D. K.; Im, K. S.; Jung, J. H. J. Nat. Prod. 2001, 64, 1565-1567.
Lim, Y. J.; Kim, J. S.; Im, K. S.; Jung, J. H.; Lee, C. O.; Hong, J.; Kim, D. K. J. Nat. Prod. 1999, 62, 
1215-1217.
Dai, J. R.; Hallock, Y. F.; Cardellina II, J. H.; Gray, G. N.; Boyd, M. R. J. Nat. Prod. 1996, 59, 860-865.
Polyketides
Thines, E.; Anke, H.; Sterner, O. J. Nat. Prod. 1998, 61, 306-308.
Purines
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Van Wagoner, R. M.; Jompa, J.; Tahir, A.; Ireland, C. M. J. Nat. Prod. 2001, 64, 1100-1101.
Terpenoids
Conrad, J.; Förster-Fromme, B.; Constantin, M. A.; Ondrus, V.; Mika, S.; Mert-Balci, F.; Klaiber, I.; 
Pfannstiel, J.; Möller, W.; Rösner, H.; Förster-Fromme, K.; Beifuss, U. J. Nat. Prod. 2009, 72, 835-840.
Tóth, N.; Simon, A.; Tóth, G.; Kele, Z.; Hunyadi, A.; Báthori, M. J. Nat. Prod. 2008, 71, 1461–1463.
Ma, W. S.; Mutka, T.; Vesley, B.; Amsler, M. O.; McClintock, J. B.; Amsler, C. D.; Perman, J. A.; Singh, 
M. P.; Maiese, W. M.; Zaworotko, M. J.; Kyle, D. E.; Baker, B. J. J. Nat. Prod. 2009, 72, 1842–1846.
Mitre, G. B.; Kamiya, N.; Bardón, A.; Asakawa, Y. J. Nat. Prod. 2004, 67, 31-36.
Clement, J. A.; Li, M.; Hecht, S. M.; Kingston, D. G. I. J. Nat. Prod. 2006, 69, 373-376.
Ankisetty, S.; Amsler, C. D.; McClintock, J. B.; Baker, B. J. J. Nat. Prod. 2004, 67, 1172-1174.
Liu, Y.; Bae, B. H.; Alam, N.; Hong, J.; Sim, C. J.; Lee, C. O.; Im, K. S.; Jung, J. H. J. Nat. Prod. 2001, 
64, 1301-1304.
Singh, S. B.; Ondeyka, J. G.; Jayasuriya, H.; Zink, D. L.; Ha, S. N.; Dahl-Roshak, A.; Greene, J.; Kim, J. 
A.; Smith, M. M.; Shoop, W.; Tkacz, J. S. J. Nat. Prod. 2004, 67, 1496-1506.
Beutler, J. A.; McCall, K. L.; Herbert, K.; Herald, D. L.; Pettit, G. R.; Johnson, T.; Shoemaker, R. H.; 
Boyd, M. R. J. Nat. Prod. 2000, 63, 657-661.
Nagashima, F.; Suzuki, M.; Takaoka, S.; Asakawa, Y. J. Nat. Prod. 2001, 64, 1309-1317.
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15. Articles published in the Journal of Natural Products between 1996 and 2009 reporting the isolation 
of natural products using a column with DIOL-bonded Si-gel as stationary phase in at least one of 
the isolation steps.
Alkaloids
Carroll, A. R.; Addepalli, R.; Fechner, G.; Smith, J.; Guymer, G. P.; Forster, P. I.; Quinn, R. J. Nat. Prod. 
2008, 71, 1063-1065.
Davis, R. A.; Carroll, A. R.; Pierens, G. K.; Quinn, R. J. J. Nat. Prod. 1999, 62, 419-424.
Gross, H.; Kehraus, S.; König, G. M.; Woerheide, G.; Wright, A. D. J. Nat. Prod. 2002, 65, 1190-1193.
McKay, M. J.; Caroll, A. R.; Quinn, R. J.; Hooper, J. N. A. J. Nat. Prod. 2002, 65, 595-597.
Peters, L.; König, G. M.; Terlau, H.; Wright, A. D. J. Nat. Prod. 2002, 65, 1633-1637. 
Liu, S.; Fu, X.; Schmitz, F. J.; Kelly-Borges, M.  J. Nat. Prod. 1997, 60, 614-615. 
Flavonoids
Flagg, M. L.; Wächter, G. A.; Davis, A. L.; Montenegro, G.; Timmermann, B. N. J. Nat. Prod. 2000, 63, 
1689-1691.  
Kikuchi, H.; Ohtsuki, T.; Koyano, T.; Kowithayakorn, T.; Sakai, T.; Ishibashi, M. J. Nat. Prod. 2007, 65, 
1910-1914.  
Phenylpropanoid
Biondi, D. M.; Rocco, C.; Ruberto, G.  J. Nat. Prod. 2005, 68, 1099-1102.
Biondi, D. M.; Rocco, C.; Ruberto, G. J. Nat. Prod. 2007, 66, 477-480. 
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