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Abstract 
The stereoselective synthesis of compounds 5 and 6, potential hydroxylated metabolites of the 

agricultural fungicide cis-metconazole, is reported. In a key step of the initially surveyed synthetic route, 

hydrodechlorination of 12 was competitive with hydrogenation of the trisubstituted olefin. Application 

of a Miyaura borylation/hydrogenation/boron-to-halogen exchange reaction sequence solved the 

chemoselectivity issue. 
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Introduction 
 



  

Metconazole (cis-1 and trans-1, Fig. 1A), belonging to the 1,2,4-triazole-containing fungicide family, 

is extensively used in agriculture to protect cereals, vegetables, and fruits against fungal infections.
1-6

 In 

fungi, 1 inhibits lanosterol 14α-demethylase (CYP51A1), a cytochrome P450 enzyme engaged in the 

biosynthesis of ergosterol, a constituent of cell membranes which is essential for proper fungal growth.
7
 

Numerous 1,2,4-triazoles have found applications as drugs and agrochemicals, e.g. tebuconazole (2), 

fluconazole (3), and voriconazole (4) (Fig. 1B).  

 

 

Figure 1. (A) Cis- and trans-metconazole; (B) Selected important triazole fungicides; (C) Potential 

metabolites of cis-metconazole. 

 

Cytochrome P450 enzymes (CYPs) also play important roles in humans, including the synthesis of 

steroids and participation in the metabolism of xenobiotics. Similarly to other triazoles, 1 may inhibit 

CYPs, resulting in adverse effects such as hormonal and metabolic disorders.
8-11

 Moreover, long-term 

exposure to fungicides may be connected with the development of drug resistance for pathogenic 

fungi.
12-15

 Concerns regarding the impact of widespread agricultural applications of 1 on human health 



  

have arisen, and in order to address these questions, the biological activity of 1 as well as its metabolites 

must be studied more closely.
16

 

Although, the synthesis of metabolites and metabolite-like derivatives of biologically active 

compounds have attracted significant attention,
17-21

 the preparation of metconazole metabolites have 

not been reported; only the in vitro monooxygenation of 1 catalyzed by human CYP3A4, providing two 

hydroxylated products with undetermined structures, has been studied.
22

 Among the twenty C-H bonds 

in 1, one tertiary and two benzylic bonds are the most electronically prone toward monooxygenation, 

although other bonds may also be reactive with specific CYPs since electronic factors are not the only 

determinants of enzymatic oxidation selectivity.
23

 

Herein, we disclose a concise synthesis of a pair of diastereomeric hydroxymetconazoles 5 and 6 (Fig. 

1C), representing potential metabolites of cis-1, which is the more abundant metconazole isomer in the 

manufactured product. 

 

Results and Discussion 
 

Our general strategy to access 5 and 6 is depicted in Scheme 1. We proposed that both compounds 

could be derived from commercially available 7 and the remaining structural motifs could be introduced 

using well-established chemistry. We also envisioned the relative stereochemistry between the 

cyclopentane ring substituents could be controlled by a bulky protecting group on C(3)-OH. 

 

 

Scheme 1. Retrosynthetic analysis of compounds 5 and 6. 

 



  

First, precursor 7 was alkylated with MeI to afford 8 in 36% yield.
24

 Then, a single carbonyl group in 8 

was selectively reduced using a substoichiometric amount of NaBH4, affording alcohol 9 in 94% yield.
25

 

Cross-aldol condensation of alcohol 9 and 4-chlorobenzaldehyde followed by silylation of the hydroxyl 

group, furnished 11 in good overall yield. The Corey-Chaykovsky epoxidation of 11, performed under 

Danishefsky conditions,
26

 gave the corresponding epoxide which was directly subjected to the next step 

due to its instability. Treatment of the epoxide with 1,2,4-triazole/K2CO3 in DMF at 85 °C afforded 12 in 

50% yield as a single diastereomer; the relative stereochemistry was confirmed by X-ray crystallography. 

The stereochemical outcome of the epoxidation reaction can be explained by shielding the top face of 

the cyclopentane ring by the TBS-protecting group, which forces attack of the sulfonium ylide on the C=O 

bond from the opposite side (see ESI, Fig. S1 for details). 

 

 

Scheme 2. Synthesis and attempted hydrogenation of key intermediate 12. Reagents and conditions: 

i. a) NaOH (1 eq), H2O, rt, 15 min; b) MeI (1.5 eq), DMF, rt, overnight; c) HCl(aq), 1 h, reflux, 36% (3 steps) 

ii. NaBH4 (0.27 eq), MeOH/H2O (4:1), 0 °C -> rt, 30 min, 94%; iii. 4-chlorobenzaldehyde (1 eq), NaOH (1 

eq), MeOH/H2O (4:1), rt, 1 h, 89%; iv. TBSCl (1.5 eq), imidazole (3.0 eq), DMF, rt, overnight, 91%; v. 

trimethylsulfonium iodide (1.2 eq), KHMDS (1.1 eq), THF, 0 °C, then 11, 0 °C, 1.5 h; vi. 1,2,4-triazole (1.5 

eq), K2CO3, (1.5 eq), DMF, 60 °C, overnight, 50% (2 steps); vii. 10% Pd/C (16% w/w), HCO2NH4 (10 eq), 

EtOH, reflux, 1 h, 75%, dr = 88:12. 

 



  

Hydrogenation of the trisubstituted alkene bond in 12 was challenging. Under typical conditions 

(Pd/C, 1 atm H2, EtOH or EtOAc, rt; Pd/C, 1 atm H2, EtOAc, 65 °C; Pd/C, 100 atm H2, EtOH) compound 12 

reacted sluggishly with low conversions, leading to dechlorinated 13 as the main product. Attempts to 

modify the catalyst activity by using Ph2S
27,28

 as a catalyst poison failed. With low Ph2S loadings, no 

changes in the chemoselectivity were observed; however, higher loadings stopped the reaction 

completely. Remarkably, in a weakly basic environment with ammonium formate as the hydrogen 

source, 12 was reduced smoothly, providing 13 in 75% yield as a mixture of diastereomers. Cationic 

reduction of 12 was also attempted, however, this approach led to partial deprotection of the TBS-

protecting group (Et3SiH/TFA) or to complete decomposition of the starting material (Et3SiH, TfOH). 

To avoid chloroarene hydrodechlorination, we decided to exchange chlorine with the 

pinacolboronate group, which is considered to be stable in Pd-catalyzed hydrogenations.
29,30

 We 

envisioned chlorine could be easily reintroduced after olefin reduction via a copper-mediated process.
31

 

Thus, Suzuki-Miyaura borylation of 12 furnished pinacolboronate 14 on a multigram scale in 79% yield.
32

 

Hydrogenation of 14 proceeded smoothly (Pd/C, EtOAc, 65 °C) without significant formation of the 

protodeboration product, affording 15a/b in 93% yield with good diastereoselectivity (dr = 83:17) (see 

ESI, Fig. S2 for conformational analysis). Treatment of 15a/b with excess of CuCl2 in iPrOH/H2O led to 

hydroxymetconazoles 5 and 16 in 79% yield (61% combined yield after separation by fractional 

crystallization). The relative stereochemistry of diastereomer 5 was confirmed by X-ray crystallography 

(Scheme 3). 



  

 

Scheme 3. Synthesis of hydroxymetconazole 5. Reagents and conditions: i. pin2B2 (1.05 eq), Pd2(dba)3 

(2.5 mol%), XPhos (10 mol%), KOAc (3 eq), 1,4-dioxane, 110 °C, overnight, 79%; ii. 10% Pd/C (30% w/w), 

H2 (balloon), EtOAc, 65 °C, 6 h, 93%, dr = 83:17; iii. CuCl2×H2O (4.0 eq), iPrOH/H2O (3:1), reflux, 48 h, 79%; 

55% for 5 and 6% for 16 after fractional crystallization. 

 

Finally, we applied a two-step sequence to convert 5 into epimeric 6. In the first step, Swern 

oxidation of 5 furnished ketone 17 in 84% yield, which was stereoselectively reduced with NaBH4 to 

provide 6 in 74% yield (Scheme 4). 

 



  

Scheme 4. Synthesis of hydroxymetconazole 6. Reagents and conditions: i. (COCl)2 (5 eq), DMSO (5 eq), 

DCM, -78 °C, 30 min, then 5, -78 °C, 90 min, then Et3N (50 eq), rt, 30 min, 84%; ii. NaBH4 (4 eq), 

MeOH/H2O (15:1), 30 min, rt, 74%. 

 

Conclusions 
 

In summary, we have developed a stereoselective, multigram synthesis of hydroxymetconazole 5 

and proposed a two-step sequence for the conversion of 5 to 6. These compounds may find applications 

as chromatographic standards in the detection of metconazole metabolites. During the synthesis, we 

tackled the undesired chloroarene hydrodechlorination which was competitive with alkene bond 

hydrogenation. We proposed a three-step route involving Miyaura borylation/hydrogenation/boron-to-

chlorine exchange reactions as a solution for this issue. Further applications of this method for the 

synthesis of other metconazole metabolites are ongoing in our laboratory. 

 

Supplementary data 
Experimental procedures, copies of 

1
H, 

13
C, 2D NMR spectra and detailed crystallographic data 

for compounds 6 and 13. CIF files containing crystallographic data for compounds 6 and 13. 

 

Author information 
Corresponding author 

*E-mail: budny@synthex.com.pl 

ORCID 

Marcin Budny 0000-0003-1300-7175 

 

Notes 
Authors declare no competing financial interest. 

This research did not receive any specific grant from funding agencies in the public, commercial, or not-

for-profit sectors. 



  

 

References 
 

1. European Food Safety, A., Conclusion regarding the peer review of the pesticide risk assessment 

of the active substance metconazole. EFSA Journal 2006, 4, 64r-n/a; doi: 

10.2903/j.efsa.2008.148r. 

2. Chuman, H.; Ito, A.; Saishoji, T.; Kumazawa, S. Classical and Three-Dimensional QSAR in 

Agrochemistry; American Chemical Society, 1995; pp. 171-185. 

3. Ito, A.; Sudo, K.; Kumazawa, S.; Kikuchi, M.; Chuman, H. New Discoveries in Agrochemicals, 

American Chemical Society: 2005; Vol. 892, pp. 142-150 

4. Ioos, R.; Belhadj, A.; Menez, M.; Faure, A. Crop Prot. 2005, 24, 894-902. 

5. Ito, A.; Saishoji, T.; Kumazawa, S.; Chuman, H. J. Pest. Sci. 1999, 24, 262-269. 

6. Pirgozliev, S. R.; Edwards, S. G.; Hare, M. C.; Jenkinson, P. Eur. J. Plant Pathol. 2002, 108, 469-

478. 

7. Ito, A.; Sudo, K.; Kumazawa, S.; Kikuchi, M.; Chuman, H. New Discoveries in Agrochemicals; 

American Chemical Society, 2004; pp. 142-150. 

8. Tully, D. B.; Bao, W.; Goetz, A. K.; Blystone, C. R.; Ren, H.; Schmid, J. E.; Strader, L. F.; Wood, C. R.; 

Best, D. S.; Narotsky, M. G.; Wolf, D. C.; Rockett, J. C.; Dix, D. J. Toxicol. Appl. Pharm. 2006, 215, 

260-273. 

9. Rieke, S.; Heise, T.; Schmidt, F.; Haider, W.; Bednarz, H.; Niehaus, K.; Mentz, A.; Kalinowski, J.; 

Hirsch-Ernst, K. I.; Steinberg, P.; Niemann, L.; Marx-Stoelting, P. Toxicology 2017, 385, 28-37. 

10. Wolf, D. C.; Allen, J. W.; George, M. H.; Hester, S. D.; Sun, G.; Moore, T.; Thai, S.-F.; Delker, D.; 

Winkfield, E.; Leavitt, S.; Nelson, G.; Roop, B. C.; Jones, C.; Thibodeaux, J.; Nesnow, S. Toxicol. 

Pathol. 2006, 34, 895-902. 

11. Allen, J. W.; Wolf, D. C.; George, M. H.; Hester, S. D.; Sun, G.; Thai, S.-F.; Delker, D. A.; Moore, T.; 

Jones, C.; Nelson, G.; Roop, B. C.; Leavitt, S.; Winkfield, E.; Ward, W. O.; Nesnow, S. Toxicol. 

Pathol. 2006, 34, 853-862. 

12. Verweij, P. E.; Snelders, E.; Kema, G. H. J.; Mellado, E.; Melchers, W. J. G. Lancet Infect, Dis. 2009, 

9, 789-795. 

13. Ren, J.; Jin, X.; Zhang, Q.; Zheng, Y.; Lin, D.; Yu, Y. J. Hazard. Mater. 2017, 326, 54-60. 

14. Snelders, E.; Huis in 't Veld, R. A. G.; Rijs, A. J. M. M.; Kema, G. H. J.; Melchers, W. J. G.; Verweij, 

P. E. Appl. Environ. Microbiol. 2009, 75, 4053-4057. 

15. Snelders, E.; Camps, S. M. T.; Karawajczyk, A.; Schaftenaar, G.; Kema, G. H. J.; van der Lee, H. A.; 

Klaassen, C. H.; Melchers, W. J. G.; Verweij, P. E. PLOS ONE 2012, 7, e31801. 

16. Thompson, R. A.; Isin, E. M.; Ogese, M. O.; Mettetal, J. T.; Williams, D. P. Chem. Res. Toxicol. 

2016, 29, 505-533. 

17. de Paula, N. C.; Araujo Cordeiro, K. C. F.; de Melo Souza, P. L.; Nogueira, D. F.; da Silva e Sousa, D. 

B.; Costa, M. B.; Noël, F.; de Oliveira, V. Bioorg. Med. Chem. Lett. 2015, 25, 1026-1029. 

18. Genovino, J.; Sames, D.; Touré, B. B. Tetrahedron Lett. 2015, 56, 3066-3069. 

19. Tyagi, S.; Cook, C. D.; DiDonato, D. A.; Key, J. A.; McKillican, B. P.; Eberle, W. J.; Carlin, T. J.; Hunt, 

D. A.; Marshall, S. J.; Bow, N. L. J. Org. Chem. 2015, 80, 11941-11947. 

20. Harris, J. W.; Katki, A.; Anderson, L. W.; Chmurny, G. N.; Paukstelis, J. V.; Collins, J. M. J. Med. 

Chem. 1994, 37, 706-709. 

21. Cossette, C.; Chourey, S.; Ye, Q.; Nagendra Reddy, C.; Gore, V.; Gravel, S.; Slobodchikova, I.; 

Vuckovic, D.; Rokach, J.; Powell, W. S. J. Med. Chem. 2016, 59, 10127-10146. 

22. Mazur, C. S.; Kenneke, J. F. Environ. Sci. Tech. 2008, 42, 947-954. 



  

23. Nikolaus, J.; Nguyen, K. T.; Virus, C.; Riehm, J. L.; Hutter, M.; Bernhardt, R. Steroids 2017, 120, 41-

48. 

24. Agosta, W. C.; Smith, A. B. J. Org. Chem. 1970, 35, 3856-3860. 

25. Duan, J. J. W.; Lu, Z.; Jiang, B.; Yang, B. V.; Doweyko, L. M.; Nirschl, D. S.; Haque, L. E.; Lin, S.; 

Brown, G.; Hynes Jr, J.; Tokarski, J. S.; Sack, J. S.; Khan, J.; Lippy, J. S.; Zhang, R. F.; Pitt, S.; Shen, 

G.; Pitts, W. J.; Carter, P. H.; Barrish, J. C.; Nadler, S. G.; Salter-Cid, L. M.; McKinnon, M.; Fura, A.; 

Schieven, G. L.; Wrobleski, S. T. Bioorg. Med. Chem. Lett. 2014, 24, 5721-5726. 

26. Danishefsky, S. J.; Masters, J. J.; Young, W. B.; Link, J. T.; Snyder, L. B.; Magee, T. V.; Jung, D. K.; 

Isaacs, R. C. A.; Bornmann, W. G.; Alaimo, C. A.; Coburn, C. A.; Di Grandi, M. J. J. Am. Chem. Soc. 

1996, 118, 2843-2859. 

27. Mori, A.; Miyakawa, Y.; Ohashi, E.; Haga, T.; Maegawa, T.; Sajiki, H. Org. Lett. 2006, 8, 3279-3281. 

28. Mori, A.; Mizusaki, T.; Miyakawa, Y.; Ohashi, E.; Haga, T.; Maegawa, T.; Monguchi, Y.; Sajiki, H. 

Tetrahedron 2006, 62, 11925-11932. 

29. Baltus, C. B.; Chuckowree, I. S.; Press, N. J.; Day, I. J.; Coles, S. J.; Tizzard, G. J.; Spencer, J. 

Tetrahedron Lett. 2013, 54, 1211-1217. 

30. Nicolas, M.; Fabre, B.; Marchand, G.; Simonet, J. Eur. J. Org. Chem. 2000, 2000, 1703-1710. 

31. Murphy, J. M.; Liao, X.; Hartwig, J. F. J. Am. Chem. Soc. 2007, 129, 15434-15435. 

32. Billingsley, K. L.; Barder, T. E.; Buchwald, S. L. Angew. Chemie Int. Ed. 2007, 119, 5455-5459. 

 

 

 

  



  

Highlights: 

• Synthesis of two possible metabolites of cis-metconazole 

• Chloroarene was temporary converted into the corresponding pinacolboronate to prevent 

hydrodechlorination 

• The developed method was applied to the multigram synthesis of 5 

 


