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Abstract First examples with the unknown tricyclic 4,8b-dihydro-3aH-
indeno[1,2-d][1,3]dithiole ring system have been prepared. Also, imid-
azoles linked in ring position 5 to a ketene dithioacetal and 1,3-dithiane
derivatives with an exocyclic cyano- and imidazole-substituted C–C
double bond are completely new. All these compounds are either con-
formationally locked, C-linked or six-ring analogues of the antifungal
agent luliconazole. Synthesis and fungicidal activity of these sterol bio-
synthesis inhibitors are reported.
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14α-Demethylase belongs to the family of cytochrome

P450 enzymes and facilitates one step within the biosyn-

thesis pathway from the acyclic terpenoid squalene to the

tetracyclic ergosterol, the major cellular membrane compo-

nent of fungi. The inhibition of this enzyme leads to the for-

mation of abnormal amounts of 14α-methylated sterol pre-

cursors and consequently to a depletion of ergosterol re-

quired for fungal tissue development. Inhibitors of 14α-

demethylase (also called DeMethylase Inhibitors, DMIs)

found ample application in the prevention and treatment of

fungal infections of human1,2 and plants.3,4 Interestingly, in-

hibition of 14α-demethylase is the only mode of action

which is used for the control of fungal pathogens of both

human and plants. A whole arsenal of DMIs, the conazoles,

has entered the agrochemical and pharmaceutical market,

in which a ring nitrogen of a heterocyclic pharmacophore is

forming the essential binding to the iron atom of the heme

cofactor in the active site of 14α-demethylase. Most of

these active ingredients are either triazoles or imidazoles,

the imidazole-based ketene dithioacetals constitute a very

modern structural subtype within this mode of action class.

Lanoconazole5 (1) and luliconazole (2),6 two examples with

this special scaffold, are used as topical antimycotics

against candidiasis,7 onychomycosis,8 Malassezia-associated

skin diseases,9 and dermatophytosis induced by Trichophy-

ton spp.10 Recently we have reported that some novel deriv-

atives of luliconazole, such as the thienyl-analogue 3, pos-

sess excellent activity against the plant pathogens Alternar-

ia solani (causal agent of potato early blight), Botryotinia

fuckeliana (causal agent of grey mold), Erysiphe necator

(causal agent of grape powdery mildew) and Zymoseptoria

tritici (causal agent of wheat leaf blotch).11 In our attempts

to further improve different properties of luliconazole (2),

such as fungicidal efficacy, resistance profile, metabolic sta-

bility, we envisaged some structure modifications, which

are completely novel amongst imidazole-based ketene dith-

ioacetals. One idea was to freeze the rotational freedom of

the phenyl ring by annulation to the dithiolane. This can be

achieved by linking the phenyl not only via a direct bond,

but also by an additional methylene bridge to the dithiolane

ring. The resulting tricyclic ring system has been so far de-

scribed only once,12 but not with an exocyclic cyano- and

imidazole-substituted C–C double bond. The concept of re-

ducing the conformational flexibility of a biologically active

compound by freezing a certain conformation through a

ring-closure reaction, leading to so-called conformationally

locked analogues with often increased binding affinity to

the target, is well-known in the pharmaceutical and agro-

chemical lead optimization.13–18

Typically, in all commercialized antifungal and fungicid-

al DMIs with an imidazole pharmacophore, this five-mem-

bered ring is always unsubstituted. However, during our re-

cent SAR study on imidazole-based ketene dithioacetals,11

we found out that the 5-methylsubstituted lanoconazole

derivative 4 was equipotent to the nonmethylated lead

compound 1. Therefore, another hypothesis dealt with the

plan to link luliconazole’s imidazole not via the typical ring

nitrogen, as it is the case for lanoconazole and luliconazole,
© Georg Thieme Verlag  Stuttgart · New York — Synlett 2018, 29, A–D
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but for the first time via the carbon atom in ring position 5,

combined with the methylation of the sp3 nitrogen, leading

to 6 which is closely related to the highly active C-methylat-

ed imidazole derivative 4. In this paper we report the syn-

thesis of the conformationally restricted luliconazole ana-

logue 5 and the C-linked imidazole derivative 6 which in-

troduce for the first time completely new structural motifs

into the DMI family (Figure 1).

Figure 1  Lanoconazole (1) and luliconazole (2) as well as their fungi-
cidally active analogues 3–6

Our synthesis of the tricyclic luliconazole analogue 5
starts from 3-(2,4-dichlorophenyl)propionic acid (7),19

which is cyclized to the dichloroindanone 8 by Friedel–

Crafts acylation.20,21 After the regioselective α-keto-bromi-

nation to 9,22 the reduction of the carbonyl function with

sodium borohydride delivers the bicyclic bromohydrin 10.

This indanol derivative is then converted into the unstable

α-bromomesylate 11, which was then added to the freshly

prepared dipotassium dithiolate 14 freshly prepared from

1H-imidazol-1-yl-ylacetonitrile (13),23,24 carbon disulfide

and potassium hydroxide. Although a dibromoindane de-

rivative would be more stable than 11, attempts to employ

it in this special ring condensation were not successful.

Both highly reactive intermediates, the α-bromomesylate

11 with two different nucleophilic leaving groups and the

dipotassium dithiolate 14 furnish the desired tricyclic luli-

conazole analogue 5 as an inseparable mixture of E and Z

isomers (Scheme 1).25 The only other reference, which ever

has reported one single compound with this 4,8b-dihydro-

3aH-indeno[1,2-d][1,3]dithiole tricyclic ring system uses a

completely different synthesis route.12

The reaction sequence shown in Scheme 1 could also be

applied to other phenylpropionic acids, resulting in further

examples with the 4,8b-dihydro-3aH-indeno[1,2-

d][1,3]dithiole ring system. What was impossible for the di-

chloro derivative 5 succeeded for the tricyclic ketene dithio-

acetals resulting from 2-chloro and 2-fluorophenylpropion-

ic acid, they could be separated into the E and Z isomers. As

shown in Table 1, their physicochemical properties are

completely different, the E isomers (Table 1, entries 1 and 3)

are oils, whereas the Z isomers (Table 1, entries 2 and 4) are

solids with relatively high melting points. Another general

trend is that the E form was always the predominantly

formed isomer.25

In our previously reported study on imidazole-based ke-

tene dithiacetals we found that the lanoconazole analogue

4, which has been methylated in imidazole ring position 5,

is highly active whereas the corresponding 2- or 4-methyl-

ated derivatives were devoid of any efficacy.11 Therefore we

wanted to check the behavior of structurally related car-

bon-linked N-methylated imidazole-based ketene dithioac-

etals such as 6 against phytopathogens. We started the syn-
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Scheme 1  Synthesis of the conformationally locked luliconazole analogue 5
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thesis of this luliconazole analogue with the sodium boro-

hydride reduction of the phenacylchloride 15 to the

chlorohydrine 16.26 Its mesylation leads to the reactive α-

chloromesylate 17,27 which upon treatment with the dipo-

tassium dithiolate 20 delivers the desired carbon-linked lul-

iconazole derivative 6 as 1:1 E/Z mixture.28 The preparation

of the dithiolate 20 requires the rarely described 1-methyl-

1H-imidazol-5-ylacetonitrile (19),29 which can be obtained

from dihydroxyacetone dimer 21 via the 5-hydroxyme-

thylimidazol derivative 18 (Scheme 2).30,31

Finally, we also planned to replace the 1,3-dithiolane

ring of luliconazole by a six-membered dithiane equivalent.

The synthesis of the resulting six-ring analogue 26 of luli-

conazole is shown in Scheme 3. Ethyl 2,4-dichlorophenylac-

etate (22) is converted with diethyl carbonate under basic

conditions into the diethyl 2,4-dichlorophenylmalonate

(23).32,33 Both ester functions of the phenylmalonate deriva-

tive 23 are then reduced with lithium aluminum hydride to

the 1,3-diol 24.33,34 Methylsulfonylation of both alcohol

functions furnishes the reactive intermediate 25 which af-

ter transformation with the dipotassium dithiolate 14 de-

livers the 1,3-dithiane 26, the first luliconazole analogue

with a six-ring dithioacetal (Scheme 3).

In conclusion we have achieved the synthesis of some

completely novel 14α-demethylase inhibitor scaffolds, as

tricyclic and six-ring cyano- and imidazole-substituted ke-

tene dithioacetals have been unknown so far. We have

checked for all new compounds their ability to control the

economically important cereal pathogens Blumeria gram-

inis (causal agent of wheat powdery mildew), Zymospetoria

tritici (causal agent of wheat leaf blotch), and Pyrenophora

teres (causal agent of barley net blotch). As it turned out the

tricyclic ketene dithioacetal 5 as well as its four analogues

from Table 1 showed strong efficacy especially against the

wheat diseases powdery mildew and leaf blotch with the

fluoro-substituted Z isomer (Table 1, entry 2) as most active

example. In general, the E and Z isomers delivered similar

potency. Also, the C-linked imidazole-based ketene dithio-

acetal 6 showed full control of the three phytopathogens at

60 ppm. Only the six-ring analogue 26 of luliconazole was

nearly inactive.

Table 1  Different Physicochemical Properties of E and Z Isomers of Tricyclic Imidazole-Based Ketene Dithioacetals

Entry Arylpropionic acid Dihydroindeno[1,3]dithiole derivative Isomer Analytical data

1 E oil, LC-MS: Rt = 0.78 min; MS: m/z = 316 [M + 1]+

2 Z solid, mp 165–166 °C

3 E oil, LC-MS: Rt = 0.94 min; MS: m/z = 332 [M + 1]+

4 Z solid, mp 216–218 °C
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Scheme 2  Synthesis of the luliconazole analogue 6 with a C-linked im-
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