
Natural Products Containing the Oxetane and Related Moieties Pre-
sent Additional Challenge for Structure Elucidation: a DU8+ Compu-
tational Case Study. 

INTRODUCTION 

1

2

3

4





5

RESULTS AND DISCUSSION 

6

7 8 9 10

11 12 13

14 15

16 17

18

19 20

21



2 

 

22

23





24

25

26

27



3 

 

28

29

30

31

32

33

34

35

36



37

38

39





4 

 

40

41

42 43



5 

 





44

45

46

47



48

49

50





6 

 

51

52 53 54

55



56






57



58

→



7 

 

59

60 61

62



63 64 65

66

67

68



8 

 

 69 70

71

72

73







9 

 

74



75

76

77

78



79

81

CONCLUSIONS  

ASSOCIATED CONTENT  

AUTHOR INFORMATION 

Corresponding Author 

Notes 

ACKNOWLEDGMENT  

 

TOC GRAPHICS: 

 

mailto:akutatel@du.edu


10 

 

  

REFERENCES 

(1) (a) for review see Lodewyk, M. W.; Siebert, M. R.; Tantillo, 
D. J. Chem. Rev. 2012, 112, 1839. (b) see also Tantillo's compila-
tion of various computational approaches at http://cheshirenmr. 
info (c) Smith, S. G.; Goodman, J. M. J. Am. Chem. Soc. 2010, 132, 
12946. (d) Grimblat, N.; Zanardi, M. M.; Sarotti, A. M. J. Org. 
Chem. 2015, 80, 12526. (e) Elyashberg, M. E.; Williams, A. J. Nat. 
Prod. Rep. 2010, 27, 1296. (f) Elyashberg, M. E.; Williams, A. J. 
Computer-Based Structure Elucidation from Spectral Data. The 
Art of Solving Problems; Springer: Heidelberg, 2015. (g) Buevich, 
A. V.; Elyashberg, M. E. J. Nat. Prod. 2016, 79, 3105. (h) Bally, 
T.; Rablen, P. R. J. Org. Chem. 2011, 76, 4818. 

(2) hexacyclinol: (a) original report: Schlegel, B.; Härtl, A.; 
Dahse, H. -M.; Gollmick, F. A.; Gräfe, U.; Dörfelt, H.; Kappes, B. 
J. Antibiotics, 2002, 55, 814. (b) computational revision: Rych-
novsky, S. D. Org. Lett. 2006, 8, 2895. (c) synthetic validation of 
the revised structure: Porco, J. A. Jr.; Su, S.; Lei, X.; Bardhan, S.; 
Rychnovsky, S. D. Angew. Chem., Int. Ed. 2006, 45, 5790. 

(3) (a) Kutateladze, A. G.; Mukhina, O. A. J. Org. Chem. 2014, 
79, 8397. (b) Kutateladze, A. G.; Mukhina, O. A. J. Org. Chem.  
2015, 80, 5218. (c) Kutateladze, A. G.; Mukhina, O. A. J. Org. 
Chem. 2015, 80, 10838. 

(4) for the full description of the components of DU8+ method 
see Kutateladze, A. G.; Reddy, D. S. J. Org. Chem. 2017, 82, 3368.  

(5) (a) Kutateladze A. G.; Krenske E. H.; Williams, C. M. An-
gew.Chem. 2019, accepted (b) Kutateladze, A. G.; Kuznetsov, D. 
M.; Beloglazkina, A. A.; Holt, T. J.  J. Org. Chem., 2018, 83, 8341. 
(c) Kutateladze, A. G.; Kuznetsov, D. M. J. Org. Chem., 2017, 82, 
10795. (d) Reddy, D. S.; Kutateladze, A. G. Org. Lett., 2016, 18, 
4860. (e) Kutateladze, A. G. J. Org. Chem., 2016, 81, 8659.  (f) 
Reddy, D. S.; Kutateladze, A. G. Tetrahedron Lett., 2016, 57, 4727. 
(g) Mukhina O. A.; Koshino, H.; Crimmins M. T.; Kutateladze, A. 
G. Tetrahedron Lett., 2015, 56, 4900. 

(6) Ortega, A.; Maldonado, E. Phytochemistry, 1986, 25, 699. 
(7) Kurata, K.; Suzuki, T.; Suzuki, M.; Kurosawa, E.; Furusaki, 

A.; Matsumoto, T. Chem. Lett. 1983, 557. 
(8) Yu, X.-Q.; Jiang, C.-S.; Zhang, Y.; Sun, P.; Kurtan, T.; 

Mandi, A.; Li, X.-L.; Yao, L.-G.; Liu, A.-H.; Wang, B.; Guo, Y.-
W.; Mao, S.-C. Phytochem. 2017, 136, 81. 

(9) original discovery of dictyoxetane: (a) Pullaiah, K. C.; Su-
rapaneni, R. K.; Rao, C. B.; Albizati, K. F.; Sullivan, B. W.; Faulk-
ner, D. J.; Cun-heng, H.; Clardy, J. J. Org. Chem. 
1985, 50, 3665. (b) Rao, C. B.; Pullaiah, K. C.; Surapaneni, R. 

K.; Sullivan, B. W.; Albizati, K. F.; Faulkner, D. J.; Cun-heng, H.; 
Clardy, J. J. Org. Chem. 1986, 51, 2736.  

(10) 13C NMR chemical shifts for dyctyoxetane are taken from 
the total synthesis paper: Hugelshofer, C. L.; Magauer, T. A. J. Am. 
Chem. Soc. 2016, 138, 6420.  This paper also gives a nice introduc-
tion to naturally occurring oxetanes (or lack thereof).  

(11) Tian, X.; Li, L.; Hu, Y.; Zhang, H.; Liu, Y.; Chen, H.; Ding, 
G.; Zou, Z. RSC Adv. 2013, 3, 7880. 

(12) Li, C.; Lee, D.; Graf, T. N.; Phifer, S. S.; Nakanishi, Y.; 
Burgess, J. P.; Riswan, S.; Setyowati, F. M.; Saribi, A. M.; 
Soejarto, D. D.; Farnsworth, N. R.; Falkinham III, J. O.; Kroll, D. 
J.; Kinghorn, A. D.; Wani, M. C.; Oberlies, N. H. Org. Lett. 2005, 
7, 5709. 

(13) Richter, M. J. R.; Schneider, M.; Brandstätter, M.; Kraut-
wald, S.; Carreira, E. M. J. Am. Chem. Soc. 2018, 140, 16704. 

(14) Centko, R. M.; Ramon-Garcia, S.; Taylor, T.; Patrick, B. 
O.; Thompson, C. J.; Miao, V. P.; Andersen, R. J. J. Nat. Prod. 
2012, 75, 2178. 

(15) Vander Velde, D. G.; Georg, G. I.; Gollapudi, S. R.; Jam-
pani, H. B.; Liang, X.-Z.; Mitscher, L. A.; Ye, Q.-M. J. Nat. Prod. 
1994, 57, 862. 

(16) Kim, C. S.; Oh, J.; Subedi, L.; Kim, S. Y.; Choi, S. U.; Lee, 
K. R. J. Nat. Prod. 2018, 81, 1795. 

(17) Ren, F.; Chen, S.; Zhang, Y.; Zhu, S.; Xiao, J.; Liu, X.; Su, 
R.; Che, Y. J. Nat Prod. 2018, 81, 1752. 

(18) Huang, J.-M.; Yokoyama, R.; Yang, C.-S.; Fukuyama, Y. 
Tetrahedron Lett. 2006, 41, 6111. 

(19) Liu, D.-Z.; Wang, F.; Liao, T.-G.; Tang, J.-G.; Steglich, W.; 
Zhu, H.-J.; Liu, J.-K.  Org. Lett. 2006, 8, 5749. 

(20) Zou, J.; Pan, L.; Li, Q.; Zhao, J.; Pu, J.; Yao, P.; Gong, N.; 
Lu, Y.; Kondratyuk, T. P.; Pezzuto, J. M.; Fong, H. H. S.; Zhang, 
H.; Sun, H. Org. Lett. 2011, 13, 1406. 

(21) Nakamura, T.; Okuyama, E.; Yamazaki, M. Chem. Pharm. 
Bull. 1996, 44, 1908. 

(22) Kirschberg, T.; Mattay, J. J. Org. Chem. 1996, 61, 8885. 
(23) here and later we will retain the numbering of the products 

as reported in the original papers, to avoid confusion. 
(24) (a) Jones, G.; Schwartz, S. B.; Marton, M. T. Chem. Com-

mun. 1973, 11, 374. (b) Jones, G.; Acquadro, M. A.; Carmody, M. 
A. Chem.Commun. 1975, 6, 206. (c) Perez-Ruiz, R.; Miranda, M. 
A.; Alle, R.; Meerholz, K.; Griesbeck, A. Photochem. Photobiol. 
Sci. 2006, 5, 51. 

(25) (a) Valiulin, R.A.; Kutateladze, A.G. Org. Lett., 2009, 11,  
3886. (b) Valiulin, R.A.; Arisco, T.M., Kutateladze, A.G.  J. Org. 
Chem., 2011, 76, 1319 (c) Valiulin, R.A.; Arisco, T.M.; 
Kutateladze, A.G.  J. Org. Chem., 2013, 78, 2012. 

(26) It is possible but unlikely that the revised minor product is 
derived from oxametathesis of 47.  This would involve fragmenta-
tion into cyclobutene and formaldehyde followed by bimolercular 
Paterno-Buchi reaction of these pieces, which is highly unlikely. 

(27) Blanco-Ania, D.; Gawade, S. A.; Zwinkels, L. J. L.; Maar-
tense, L.; Bolster, M. G.; Benningshof, J. C. J.; Rutjes, P. J. T. Org. 
Proc. Res. Dev. 2016, 20, 409. 

(28) Tian, J.; Zhao, Q.-S.; Zhang, H.-J.; Lin, Z.-W.; Sun, H.-D. 
J. Nat. Prod. 1997, 60, 766. 

(29) Ogasawara, K.  J. Synth. Org. Chem. Jpn. 1999, 57, 957. 
(30) Another curious fact is that SciFinder identifies seven sup-

pliers of cleroindicin A with the original oxetane structure. 
(31) himachalene Chem. Pharm. Bull. 1999, 47, 557. 
(32) Li, N.; Chen, J.-J.; Zhou, J. J. Asian Nat. Prod. Res. 2005, 

7, 279. 
(33) Li, D.; Chen, Y.; Pan, Q.; Tao, M.; Zhang, W. Rec. Nat. 

Prod. 2014, 8, 330. 
(34) (a) Li, R.-J.; Zhu, R.-X.; Li, Y.-Y.; Zhou, J.-C.; Zhang, J.-

Z.; Wang, S.; Ye, J.-P.; Wang, Y.-H.; Morris-Natschke, S. L.; Lee, 
K.-H.; Lou, H.-X. J. Nat. Prod. 2013, 76, 1700. (b) Another com-
plex clerodane diterpenoid, cephaloziellin A (not shown), was as-
signed correctly, as evidenced by a good match, 
rmsd(δC) = 1.24 ppm, see SI. 

(35) Jianmei, H.; Jialin, W.; Chunshu, Y. Phytochem. 1997, 46, 
777. 

(36) Yokoyama, R.; Huang, J.-M.; Hosoda, A.; Kino, K.; Yang, 
C.-S.; Fukuyama, Y.  J. Nat. Prod. 2003, 66, 799. 

(37) Liu, J.-M.; Zhang, D.-W.; Du, W.-Y.; Zhang, M.; Zhao, J.-
L.; Chen, R.-D.; Xie, K.-B.; Dai, J.-G. J. Asian Nat. Prod. Res. 
2017, 19, 541. 

                                                 

 

http://cheshirenmr.info/
http://cheshirenmr.info/


 

 

11 

                                                                                 

 

(38) Ni, L.; Ma, J.; Li, C.-J.; Li, L.; Guo, J.-M.; Yuan, S.-P.; Hou, 
Q.; Guo, Y.; Zhang, D.-M. Tetrahedron Lett. 2015, 56, 1239. 

(39) Lin, T.; Wang, G.; Shan, W.; Zeng, D.; Ding, R.; Jiang, X.; 
Zhu, D.; Liu, X.; Yang, S.; Chen, H. Bioorg. Med. Chem. Lett. 
2014, 42, 2504. 

(40) Hilmi, F.; Sticher, O.; Heilmann, J. J. Nat. Prod. 2002, 65, 
523. 

(41) Swern, D.; Clements, A. H.; Luong, T. M. Analytical Chem. 
1969, 41, 412. 

(42) Adio, A. M.; Paul, C.; König, W. A.; Muhle, H. Phyto-
chem.2003, 64, 637. 

(43) Liang, Y.; Li, X.-M.; Cui, C.-M.; Li, C.-S.; Sun, H.; Wang, 
B.-G. Mar. Drugs 2012, 10, 2817. 

(44) Aitken, R. A.; Karodia, N.; McCarron, H. B.; Rouxel, C.; 
Sahabo, N.; Slawin, A. M. Z. Org. Biomol. Chem.2016, 14, 1794 
and references therein. 

(45) (a) Friedrich, L. E.; Lam, P. Y.-S. J. Org. Chem. 1981, 46, 
306. (b) Aikawa, K.; Hioki, Y.; Shimizu, N.; Mikami, K. J. Am. 
Chem. Soc. 2011, 133, 20092. 

(46) Alcaide, B.; Almendros, P.; Martinez del Campo, T.; Fer-
nandez, I. Chem. Comm. 2011, 47, 9054. 

(47) Chen, J.; Bai, X.; Hua, Y.; Zhang, H.; Wang, H. Fitoterapia, 
2019, 134, asap  https://doi.org/10.1016/j.fitote.2019.01.016  

(48) (a) Gu, Z.; Liang, H.; Chen, H.; Xu, Y.; Zhang, W. Chinese 
Trad. Herb. Drugs 2000, 31, 885. (b) Wang, Q.-Z.; He, M.-F.; 
Liang, J.-Y. Chinese Trad. Herb. Drugs 2003, 34, 277. 

(49) Soonthornchareonnon, N.; Suwanborirux, K.; Bavovada, 
R.; Patarapanich, C.; Cassady, J. M. J. Nat. Prod. 1999, 62, 1390. 

(50) Adam, W.; Hadjiarapoglou, L.; Peters, K.; Sauter, M. J. Am. 
Chem. Soc.1993, 115, 8603. 

(51) http://dnp.chemnetbase.com  
(52) Chen, H.-L.; Wang, L.-W.; Su, H.-J.; Wei, B.-L.; Yang, S.-

Z.; Lin, C.-N. Org. Lett. 2006, 8, 753. 
(53) Zhang, W.; Xu, L.; Yang, L.; Huang, Y.; Li, S.; Shen, Y. 

Fitoterapia, 2014, 96, 146. 
(54) Dinda, B.; Das, S. K.; Hajra, A. K. Indian J. Chem. 1995, 

34B, 525.  
(55) Guo, S.; Tang, Y. P.; Duan, J. A.; Su, S. L.; Ding, A. W. 

Chinese Chem. Lett. 2009, 20, 197. 
(56) Lang, G.; Cole, A. L. J.; Blunt, j. W.; Robinson, W. T.; 

Munro, M. H. G.  J. Nat. Prod. 2007, 70, 310. 
(57) Wu, P.-L.; Su, G.-C.; Wu, T.-S. J. Nat. Prod. 2003, 66, 996. 
(58) Shan, F.; Yin, Y.-Q.; Huang, F.; Huang, Y.-C.; Guo, L.-B.; 

Wu, Y.-F. Nat. Prod. Res. 2013, 27, 1956. 
(59) Kabe, Y.; Takata, T.; Ueno, K.; Ando, W. J. Am. Chem. Soc. 

1984, 106, 8174. 
(60) Liu,Q.-F.; Chen, W.-L.; Tang, J.; Zhao, W.-M. Helv. Chim. 

Acta 2007, 90, 1745. 
(61) Tiew, P.; Takayama, H.; Kitajima, M.; Aimi, N.; Kokpol, 

U.; Chavasiri, W. Tetrahedron Lett. 2003, 44, 6759. 
(62) Zhang, C.; Wang, M.; Lin, P.; Zhang, M.; Wang, Z.; Xu, L. 

J. Indian Chem. Soc.2007, 84, 714. 
(63) Otsuka, H.; Takeuchi, M.; Inoshiri, S.; Sato, T.; Yamasaki, 

K. Phytochem. 1989, 28, 883. 
(64) Kim, K. H.; Choi, S. U.; Ha, S. K.; Kim, S. Y.; Lee, K. R. 

J. Nat. Prod. 2009, 72, 2061. 
(65) Kim, C.S.; Subedi, L.; Kwon, O. K.; Kim, S. Y.; Yeo, E.-J.; 

Choi, S. U.; Lee, K. R. Bioorg. Med. Chem. Lett. 2016, 26, 351. 

(66) the rmsd value calculated for all the reported carbons; how-
ever, two carbon peaks were "not detected" in the experimental 
spectrum, which makes this revision tentative. 

(67) Chen, S.-G.; Chen, J.-J.; Gao, K. Chem. Pharm. Bull. 2007, 
55, 1181. 

(68) Guilet, D.; Seraphin, D.; Rondeau, D.; Richomme, P.; 
Bruneton, J. Phytochem. 2001, 58, 571. 

(69) Guo, Y.-G.; Xie, Y.-G.; Wu, G.-J.; Cheng, T.-F.; Zhu, S.-
L.; Yan, S.-K.; Jin, H.-Z.; Zhang, W.-D. ACS Omega, 2019, 4, 
2047. 

(70) Xie, Y.-G.; Wu, G.-J.; Cheng, T.-F.; Zhu, S.-L.; Yan, S.-K.; 
Jin, H.-Z.; Zhang, W.-D. Fitoterapia, 2018 130, 43 (there is a typo 
in the structures of vielopsides A-C: OH, not Me should be in the 
position 8). 

(71) examples of β-lactols: (a) Vittimberga, B. M.; Herz, M. J. 
Org. Chem.1970, 35, 3974. (b) Pistara, V.; Corsaro, A.; Rescifina, 
A.; Catelani, G.; D'Andrea, F.; Guazzelli, L. J. Org. Chem. 2013, 
78, 9444. (c) Hanessian, S.; Girard, C.; Synlett. 1994, 865.  (d) 
Soengas, R. G. Tetrahedron Lett. 2010, 51, 105. 

(72) Jimenez, O.; Bosch, M.P.; Guerrero, A. J. Org. Chem. 2005, 
70, 10883. 

(73) Zhang, Q.; Liu, X.-T.; Liang, J.-Y.; Min, Z.-D. Chinese J. 
Nat. Med. 2008, 6, 168. 

(74) Cheng, M.-J.; Lo, W.-L.; Huang, L.-Y.; Wang, C.-J.; Chen, 
C.-Y. Nat. Prod. Res. 2010, 24, 1850. 

(75) Malic acid is poorly soluble in chloroform.  It is conceivable 
that the low intensity peak from one of the carboxylates was not 
detected in the original work on ficumone. 

(76) Li, H.; Li, L.; Zheng, Q.; Kuroda, C.; Wang, Q. Molecules, 
2012, 17, 5219. 

(77) Lee, T.-H.; Lu, C.-K.; Kuo, Y.-H.; Lo, J.-M.; Lee, C.-K. 
Helv. Chim. Acta, 2008, 91, 79.  

(78) De Rosa, S.; De Stefano, S.; Scarpelli, P.; Zavodnik, N. 
Phytochem. 1988, 27, 1875.  

(79) Li, G.-H.; Li, L.; Duan, M.; Zhang, K.-Q. Chem. Biodiver-
sity, 2006, 3, 210. 

(80) (a) Napolitano, J. G.; G�decke, T.; Rodríguez-Brasco, M. 
F.; Jaki, B. U.; Chen, S. -N.; Lankin, D. C.; Pauli, G. F. J. Nat. 
Prod. 2012, 75, 238. (b) Napolitano, J. G.; Lankin, D. C.; McAl-
pine, J. B.; Niemitz, M.; Korhonen, S. -P.; Chen, S. -N.; Pauli, G. 
F. J. Org. Chem. 2013, 78, 9963. (c) Pauli, G. F.; Niemitz, M.; Bis-
son, J.; Lodewyk, M. W.; Soldi, C.; Shaw, J. T.; Tantillo, D. J.; 
Saya, J. M.; Vos, K.; Kleinnijenhuis, R. A.; Hiemstra, H.; Chen, S. 
-N.; McAlpine, J. B.; Lankin, D. C.; Friesen, J. B. J. Org. Chem. 
2016, 81, 878. (d) Gao, W.; Napolitano, J. G.; Lankin, D. C.; Kim, 
J. -Y.; Jin, Y. -Y.; Lee, H.; Suh, J. -W.; Chen, S. -N.; Pauli, G. F. 
Magn. Reson. Chem. 2017, 55, 239.  

(81) (a) Pauli, G. F.; Niemitz, M.; Bisson, J.; Lodewyk, M. W.; 
Soldi, C.; Shaw, J. T.; Tantillo, D. J.; Saya, J. M.; Vos, K.; Kleinni-
jenhuis, R. A.; Hiemstra, H.; Chen, S. -N.; McAlpine, J. B.; Lankin, 
D. C.; Friesen, J. B. J. Org. Chem. 2016, 81, 878. (b) Bisson, J.; 
Simmler, C.; Chen, S. -N.; Friesen, J. B.; Lankin, D. C.; McAlpine, 
J. B.; Pauli, G. F. Nat. Prod. Rep. 2016, 33, 1028.  

 
 

https://doi.org/10.1016/j.fitote.2019.01.016
http://dnp.chemnetbase.com/

