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Abstract–1,8-Dihydroxynaphthalene-derived natural products show a wide

variety of biological activities, and thus have the attracted interest of both the

chemical and biological communities.  We report a novel and efficient approach

to these natural products and its application to the total synthesis of (±)-CJ-12,372,

a representative example of this class of compounds.  

Since the early 1990s, large numbers of natural products with a naphthalene spiroketal have been isolated

and structurally determined.  Several examples are shown in Figure 1 [CJ-12,372 (1),1 diepoxin σ (2),2

preussomerin G (3),3 and spiroxin A (4)4].5  Structurally, they all have a spiro-ketal entity formally

derived from 1,8-dihydroxynaphthalene and 1,4-naphthoquinone at various oxidation levels.  The

diverse pharmacological effects of these molecules, as well as their unusual, highly oxygenated,

structures have generated significant interest in laboratory synthesis.  To date, several total syntheses

have been achieved utilizing key transformations such as biomimetic cyclizations6a and oxidative6c,d or

acid-catalyzed ketalizations6b,e,f to build these intriguing ring systems.7  In this communication, we report

our own strategy for constructing the core structure of these natural products and its application to the

total synthesis of (±)-CJ-12,372 (1), a novel DNA gyrase inhibitor.1,6f  

To develop a general route to the 1,8-dihydroxynaphthalene-derived natural products, we focused our
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attention on the core structure (5) (Scheme 1), which is shared by the majority of natural products of this

class (see 1-4, Figure 1).  In principle, raising the oxidation level of 5 would lead to 1-4, where 5 would

serve as a common precursor.  To build 5 efficiently and concisely, we planned a novel strategy starting

from readily available materials, in which 5 can be derived from the cationic cyclization of the monothio-

orthoester (6) to form a 6-membered ring by selective activation of the sulfide moiety.  Compound (6)

would be prepared by Suzuki-Miyaura coupling between the olefin (7) and 1-iodo-2,4-dimethoxybenzene

(8).8,9  
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Figure 1. Representative 1,8-naphthalene-derived natural products.
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Scheme 1. Synthetic plan of common intermediate (5)
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Synthesis of monothio-orthoester (6) started with the known 1,8-dihydroxynaphthalene (9) (Scheme

2).6b,10  Compound (9) was converted to thiocarbonate (10) by using thiophosgene in the presence of base

at –50 °C in 91% yield.  Nucleophilic addition of allylmagnesium bromide to thiocarbonate (10) and

then trapping the resulting thiolate with MeI gave 7 in 78% yield.11  Hydroboration of olefin (7) and

subsequent Suzuki-Miyaura coupling reaction with 1-iodo-2,4-dimethoxybenzene (8)12 using catalytic

amounts of PdCl2dppf at 65 °C afforded the desired adduct (6) in 91% yield.13  



Having the monothio-orthoester (6) in hand, the cationic cyclization to construct the 6-membered ring

was pursued.14  In doing so, we selected silver trifluoromethanesulfonate (AgOTf) as an activator using

2,6-di-t-butylpyridine as the buffer in various solvents.  The results showed that the best solvent for the

reaction was nitromethane (entry 3, Scheme 2).  In this way, the bulky naphthalene moiety was

successfully installed onto the benzene ring in 76% yield.  In addition, neither the enol ether nor its

hydrolyzed products, potential by-products from elimination of the sulfide, were observed under these

conditions.  Solvents with lower dielectric constants such as tetrahydrofuran (entry 2) or

dichloromethane (entry 1) led to lower yield.  As seen from entries 3 and 4, the bulkier base is likely to

be far more efficient.  Thus, we developed a simple assembly of the common intermediate (5) using

Suzuki-Miyaura coupling and cationic cyclization only through 5 synthetic steps (4 separate operations)

from 1,8-dihydroxynaphthalene (9).  The neutral nature and high chemoselectivity of the protocol will

likely be high applicable to the synthesis of other multi-functional natural products of this class.  
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Scheme 2. Synthesis of common intermediate (5)

To test the utility of compound (5), total synthesis of (±)-CJ-12,372 was carried out (Scheme 3).  The

methyl groups of 5 were removed by the action of iodotrimethylsilane to provide a hydroquinone (76%



yield), whose phenols were re-protected to give the diacetate (11) in quantitative yield.  Bromination of

the benzylic position of 11 using NBS in the presence of AIBN led to bromide (12), which was treated

with AgBF4 and DMSO in the presence of MS4A to afford ketone (13) in 76% yield over 2 steps.15

Finally, reduction of 13 using DIBAL gave rise to the fully synthetic (±)-CJ-12,372 (1) (71% yield), of

which the physical data was identical to those of the authentic natural product (1H-, 13C-NMR, and IR

spectroscopy).1,6f,16  
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In conclusion, we have developed a novel and concise method for synthesizing 5 using Suzuki-Miyaura

coupling and Ag+-mediated cationic cyclization as key steps, and compound (5) has then been applied to

the total synthesis of CJ-12,372 (1).  We are currently extending our strategy toward the synthesis of

other natural products of this class with different oxidization levels.  

REFERENCES AND NOTES

1. S. Sakemi, T. Inagaki, K. Kaneda, H. Hirai, E. Iwata, T. Sakakibara, Y. Yamauchi, M. Norcia, L. M.

Wondrack, J. A. Sutcliffe, and N. Kojima, J. Antibiot., 1995, 48, 134.

2. (a) G. Schlingmann, R. R. West, L. Milne, C. J. Pearce, and G. T. Carter, Tetrahedron Lett., 1993, 34,

7225. (b) G. Schlingmann, S. Matile, N. Berova, K. Nakanishi, and G. T. Carter, Tetrahedron, 1996,

52, 435.  



3. (a) H. A. Weber and J. B. Gloer, J. Org. Chem., 1991, 56, 4355. (b) S. B. Singh, D. L. Zink, L.

Deborah, J. M. Liesch, R. G. Ball, M. A. Goetz, E. A. Bolessa, R. A. Giacobbe, K. C. Silverman, G. 

F. Bills, F. Pelaez, C. Cascales, J. B. Gibbs, and R. B. Lingham, J. Org. Chem., 1994, 59, 6296. (c) K. 

Krohn, U. Flörke, M. John, N. Root, K. Steingröver, H.-J. Aust, S. Draeger, B. Schulz, S. Antus, M. 

Simonyi, and F. Zsila, Tetrahedron, 2001, 57, 4343. 

4. (a) L. A. McDonald, D. R. Abbanat, L. R. Barbieri, V. S. Bernan, C. M. Discafani, M. Greenstein, K. 

Janota, J. D. Korshalla, P. Lassota, M. Tischler, and G. T. Carter, Tetrahedron Lett., 1999, 40, 2489. 

(b) T. Wang, O. Shirota, K. Nakanishi, N. Berova, L. A. McDonald, L. R. Barbieri, and G. T. Carter, 

Can. J. Chem., 2001, 79, 1786. 

5.   For other examples, see: Palmarumycins (a) K. Krohn, A. Michel, U. Flörke, H.-J. Aust, S. Draeger,

 and B. Schulz, Liebigs Ann. Chem., 1994, 1093. (b) K. Krohn, A. Michel, U. Flörke, H.-J. Aust, S.  

Draeger, and B. Schulz, Liebigs Ann. Chem., 1994, 1099. (c) K. Krohn, K. Beckmann, U. Floerke, 

H.-J. Aust, S. Draeger, B. Schulz, S. Busemann, and G. Bringmann,Tetrahedron, 1997, 53, 3101.  

Cladospirone bisepoxide (d) F. Petersen, T. Moerker, F. Vanzanella, and H. H. Peter, J. Antibiot., 

1994, 47, 1098. (e) R. Thiergardt, P. Hug, G. Rihs, and H. H. Peter, Tetrahedron Lett., 1994, 35, 1043. 

(f) R. Thiergardt, G. Rihs, P. Hug, and H. H. Peter,Tetrahedron, 1995, 51, 733. Sch 53823 and Sch  

53825 (g) M. Chu, M. G. Patel, J.-K. Pai, P. R. Das, and M. S. Puar, Bioorg. Med. Chem. Lett., 1996,  

6, 579 and references cited therein. 

6. For recent total syntheses of this class of natural products, see: Preussomerins G and I (a) S. Chi and

C. H. Heathcock, Org. Lett., 1999, 1, 3. Palmarumycins CP1, CP2 and C11, CJ-12,371, and

deoxypreussomerin A (b) J. P. Ragot, C. Steeneck, M.-L. Alcaraz, and R. J. K. Taylor, J. Chem. Soc.,

Perkin Trans. 1, 1999, 1073. Diepoxin σ  (c) P. Wipf and J.-K. Jung, J. Org. Chem., 2000, 65, 6319.

Palmarumycin CP1 and deoxypreussomerin A (d) P. Wipf and J.-K. Jung, Tetrahedron, 2001, 57, 283.

Palmarumycins CP1 and CP2, and CJ-12,371 (e) A. G. M. Barrett, D. Hamprecht, and T. Meyer,

Chem. Commun., 1998, 809. Preussomerin G, CJ-12,372 and related molecules (f) A. G. M. Barrett,

F. Blaney, A. D. Campbell, D. Hamprecht, T. Meyer, A. J. P. White, D. Witty, and D. J. Williams, J.

Org. Chem., 2002, 67, 2735 and references cited therein.  

7. For other synthetic studies of this class of natural products, see: Diepoxin σ (a) P. Wipf and J.-K.

Jung, Angew. Chem., Int. Ed. Engl., 1997, 36, 764. Pressomerins (b) J. P. Ragot, M. E. Prime, S. J.

Archibald, and R. J. K. Taylor, Org. Lett., 2000, 2, 1613. Palmarumycins (c) I. G. C. Coutts, R. W.

Allcock, and H. W. Scheeren, Tetrahedron Lett., 2000, 41, 9105.  

8. For reviews on Suzuki-Miyaura reaction, see: (a) N. Miyaura and A. Suzuki, Chem. Rev., 1995, 95,

2457. (b) A. Suzuki, J. Organomet. Chem., 1999, 576, 147.  

9. For a recent comprehensive review on the application of the B-alkyl Suzuki-Miyaura reaction in



natural product synthesis, see: S. Chemler, D. Trauner, and S. J. Danishefsky, Angew. Chem. Int. Ed.,

2001, 40, 4544.  

10. Compound (9) was prepared from commercially available 1,8-naphthosultone in a single operation:

H. Erdmann, Liebigs Ann. Chem., 1888, 247, 306.  

11. For a related transformation, see: K. C. Nicolaou, D. G. McGarry, P. K. Sommers, B. H. Kim, W. W.

Ogilvie, G. Yiannikouros, C. V. C. Prasad, C. A. Veale, and R. R. Hark, J. Am. Chem. Soc., 1990, 112,

6263.  

12. Compound (8) was prepared from 1,4-dimethoxybenzene by an ortho lithiation and following

addition of I2 (n-BuLi, TMEDA, benzene, then I2, 90% yield). For a review of directed ortho

metalation, see: V. Snieckus, Chem. Rev., 1990, 90, 879.  

13. N. Miyaura, T. Ishiyama, H. Sasaki, M. Ishikawa, M. Satoh, and A. Suzuki, J. Am. Chem. Soc., 1989,

111, 314.  

14. For a related cyclization from tristhio-orthoesters, see: (a) S. A. Gamage and R. A. J. Smith,

Tetrahedron, 1990, 46, 2111. (b) S. A. Gamage and R. A. J. Smith, Aust. J. Chem., 1990, 43, 815.  

15. B. Ganem and R. K. Boeckman Jr., Tetrahedron Lett., 1974, 917.  

16. Physical data of synthetic (±)-CJ-12,372: 1H NMR (500 MHz, DMSO-d6) δ 9.01 (1H, s, OH), 8.41

(1H, s, OH), 7.56 (2H, d, J=7.5 Hz, H4’, H5’), 7.50 (1H, t, J=7.5 Hz, H3’), 7.49 (1H, t, J=7.5 Hz,

H6’), 6.95 (1H, d, J=7.5 Hz, H2’), 6.91 (1H, d, J=7.5 Hz, H7’), 6.82 (1H, d, J=8.5 Hz, H7), 6.73 (1H,

d, J=8.5 Hz, H6), 5.10 (1H, d, J=5.0 Hz, OH), 4.97 (1H, q, J=4.5 Hz, H1), 2.30 (1H, m, H3), 2.03

(1H, m, H3), 1.90 (1H, m, H2), 1.79 (1H, m, H2); 13C NMR (125 MHz, DMSO-d6) δ 149.2 (C5),

147.9(C1’), 147.7 (C8, C8’), 133.8 (C10’), 127.6 (C3’, C6’), 127.3 (C9), 120.4 (C10), 119.7 (C4’,

C5’), 117.4 (C7), 116.8 (C6), 112.7 (C9’), 108.9 (C7’), 108.8 (C2’), 101.0 (C4), 61.5 (C1), 27.6 (C2),

26.9 (C3); FT-IR (film) ν 3448, 1606, 1466, 1409, 1265 cm-1; HRMS (EI) calcd for C20H16O5 (M
+)

336.0998, found 336.1003.  


