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Abstract: Several oximes of triterpenes with a 17-~ hydroxyl and abietane derivatives are inlfibitors of pyruvate 
dehydrogenase kinase (PDK) activity. The oxime 12 and dehydroabietyl amine 2 exhibit a blood glucose 
lowering effect in the diabetic ob/ob mouse after a single oral dose of  100 ~tmol/kg. However, the mechanism of 
the blood glucose lowering effect is likely unrelated to PDK inhibition. © 1999 Elsevier Science Ltd. All rights reserved. 

Introduction: The pyruvate dehydrogenase complex (PDC) catalyses the first irreversible step in the oxidation 

of glucose, the decarboxylation of pyruvate, through the highly regulated and coordinated action of multiple 

enzyme subunits. The complex is regulated via reversible phosphorylation, catalyzed by several specific kinase 

and phosphatase isozymes. It is well documented that the activity of the pyruvate dehydrogenase (PDH) 

complex is reduced during conditions of reduced oxidative glucose metabolism such as occur during obesity, 

starvation, and diabetes) ~ Activation of PDC via inhibition of  PDK would be expected to result in increased 

oxidation of pyruvate in muscle and fat, and a concomitant decrease in the conversion of  pyruvate to the 

gluconeogenie substrates lactate and alanine. Indeed, in early clinical studies, dichloroacetate (DCA, a known 

inhibitor of PDK) reduced blood lactate, alanine, and glucose levels in Type 2 diabetic patients. 7-9 Based on 

these data, orally active PDK inhibitors should have utility as a therapy for diabetes and possibly also other 

conditions in which PDC activity is reduced (iscbemia, ~° lactic acidosis, 1~ and cardiac insufficiency~2). 

Unfortunately, the toxicity of DCA precludes its use as a therapeutic agent. Long-term use has been 

reported to cause neuropathic effects, cataract formation, and testicular degeneration? T M  These toxicities have 

been attributed in part to the accumulation of the principle metabolite of  DCA, oxalic acid. However, a 

significant portion of  the toxicity may also be due to the parent compound, since cx-halocarbonyl compounds 

also exhibit similar toxicities. 17'Is No compounds other than a,c~-dihalogenated carbonyl compounds have 

previously been reported inhibit PDK activity. 19 Herein, we shall describe the SAR of a new series of PDK 

inhibitors, tri- and diterpenes (e.g., nortestosterone 1, dehydroabietyl amine 2, and 3). 
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Our initial discovery that diterpenes and triterpene derivatives inhibit PDK activity led us to explore the 

structural characteristics of the molecules that influence this effect. Our initial four approaches were to study the 

effect of (1) replacement of  the ketone of  1 and amine moiety of 2 with different fianctionalities, (2) removal of 

the C, and D rings of  1, (3) different substituents at the C17 center of 1, and (4) different functionalities on the 

abietane ring system of 2. 
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Chemistry: Molecules 3-10 were either purchased or targeted for synthesis to study the replacement of the 

ketone moiety of  1 with different chemical functionality. The majority of the oximes of this report are known, 
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and all were synthesized via a modification of the method of Delgado? Briefly, the oxime 3 was synthesized 

via the condensation of nortestosterone with hydroxylamine hydrochloride in an ethanolic suspension of sodium 

acetate. Alkylated oximes 4 and 5 result from the analogous condensation with the appropriate alkoxyamine. 
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The oximes (11, 12, 16, and 17) were prepared similarly from readily available ketones. 21 All of these 

condensations result typically in a 50-80% total yieldY These reactions result in a mixture of  the (anti) and 

(syn) stereoisomers. The (anti) oxime isomers are easily separated from the (syn) isomers via either 

chromatography or crystallization when the ketone is unsaturated. 23 The oximes (13-15) of the saturated ketones 

were tested as a mixture of isomers. Attempts to synthesize the hydrazonc 7 from 1 via a condensation with 

hydrazine were unsuccessful and afforded a 2:1 adductfl Compounds 8 and 9 were prepared from 1 via 

condensation with semicarbazide and aminoguanidine utilizing the general procedure for the oximes. The 

alcohol 10 was prepared via reduction of 1 with NaBH4 in methanol. 

, 

0~'"  N H2 -"OH OH O~'OH 

18 19 20 21 

Abietic acid 21 was converted to its acyl chloride via treatment with oxalyl chloride and a catalytic 

amount of DMF in methylene chloride. Treatment of the crude acid chloride with ammonia afforded 18. 

Treatment of abietic acid with LiA1H4 afforded 19. 

Results and Discussion 

The reported compounds were tested for their ability to reduce PDK catalyzed PDC inactivation in a 

primary enzyme assay 25'26 At concentrations up to 100 laM, many of the compounds exhibited marked PDK 

inhibition. However, several diterpenes and triterpenes exhibited biphasic characteristics: at concentrations equal to 

or greater than 100 ~tM, they inhibited the PDC in absence of ATP (Table 1) (i.e., they inhibited PDC directly). 

Potent inhibitors were evaluated for their ability to increase the conversion of [14C]-lactate into 14CO2 in a 

modification of Ofenstein's assay (see Table 1).27 

Replacement of the ketone moiety of 1 with a hydroxylamine moiety afforded more potent inhibitors 

(compare 3 (anti), 11, 12, and 13 to 1) in the PDK enzyme assay (see Table 1). The approximate tenfold increase 

in potency could be due to a favorable hydrogen bond from the oximes' hydrogen to the binding site(s) on the 

kinase, since the methylated analog 4 did not inhibit PDK activity (compare 4 to 3). However, the semicarbazone 

derivatives 8 and 9, which could also contribute a putative favorable hydrogen bond, were inactive. 

Our attempts to replace the triterpene nucleus of the oximes (3 (antt), 11, 12, and 13) with analogues with 

fewer rings were unsuccessful. The bicyclic oxime 17 and the tricyclic oxime 16, which is similar to the diterpene 
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Table 1. Physical Characteristics and In Vitro Data of 1-21. 
Entry [ Formula" I mp (*C) I % Yield [ ICsob 
DCA d > 2000 

1 d 120 _+ 20 c 
2 d 9.5--+ 1.1 

3 (anti) ClsH27NO 2 180-182 44 5.4 + 0.91 
4(anti) C19H29NO2 129 41 Inactive 
4(syn) C19H29NO2 113 25 Inactive 
5(anti) C25H33NO2 96-98 35 Inactive 
5(syn) C25H33NO2 114 26 Inactive 

6 d 56 -+ 25 
8 CI9H29N30 2 243.5-244.5 64 Inactive 
9 CIgH31N4OC1 291-293 27 Inactive 
10 ClgH2sO2 163-165 65 Inactive 
11 C20H27NO 2 80 51 5.8 -+ 1.3 
12 C21H29NO 2 90-92 64 0.840 + 0.034 ~ 

12 (syn) C21H29NO2 95-97 32 Inactive 
13 C19H31NO2 210-212 74 51 -+ 7.6 
14 C19H31NO2 81 36 + 15 
15 C27H47NO 200-201 93 Inactive 
16 C15H~TNO 60-65 53 Inactive 
17 C~IH~TNO 121-122 59 Inactive 
18 C2oH31NO 164-166 40 6.7 _+ 1.0 
19 C2oH32 O 74-75 37 ~10 ° 
20 d Inactive 
21 d 20 -+ 3.4 

] ECso c 
I00? 

inactive 

1.7 + 0.15 c 
inactive 

inactive 
inactive 

inactive 
~Analytical results (C, H, N) were within ± 0.4% of the theoretical value. 
blC~0 (txM + standard error.) in primary enzymatic assay of PDK inhibition (ref 25). Inactive compounds were 
tested up to 1 mM. 
°ECs0 (~tM ± standard error) in normal human dermal fibroblasts, modification ofref27. 
dpurchased from the Sigma-Aldrich Corporation. 
°Displays a biphasic dose response at concentrations greater than or equal to 100 ~tM. 

Table 2. In Vivo Activity of Selected Compounds in a Model of Diabetes, the ob/ob Mouse. a 
Entry Dose Day 1 2 h Day 1 4 h Day 1 6 h Day 3 2 h Day 3 4 hr Day3 6 h 

(~mol/kg/day) %Efficacy %Efficacy %Efficacy %Efficacy %Efficacy %Efficacy 
DCA 1000 59* 39* 29 52* 50* 56* 
2 30 18 -1 11 -4 2 19 
2 100 30 28 22 26 36 47* 
2 300 68* 69* 65* 85* 86* 90* 
12 30 -6 -3 2 38 43 -6 
12 100 3 4 26 73* 70* 47* 
12 300 -2 19 51" 92* 83* 75* 
18 200 4 -2 16 13 9 16 
19 100 7 -8 19 7 10 24 
21 200 45* 25 42* 24* 22 29* 

"(Ref 28). % efficacy = { 1 -([glucose]compoun d- 100)/[glucose]vehicle- 100) } * 100. 

• p < 0.05 
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2, did not inhibit PDK activity at concentrations <-300 IxM. These data suggest that a second interaction of the 

active triterpenes may result from functionality on the D-ring. This putative interaction could be a second 

hydrogen bond effected by the 17-1~ hydroxyl group of the active oximes, since the des-hydroxy analog 15 did not 

inhibit PDK activity (compare 13 to 15). 

Oximes 11, 12, and 12 (syn) and the diterpenes 2, 18, 19, and 21 were profiled in a cellular PDC activation 

assay (see Table 1) and in an animal model of Type 2 diabetes, the ob/ob mouse 2s (see Table 2). The diterpenes 2 

and 21 lowered blood glucose levels in the ob/ob mouse model. However, they did not increase the conversion of 

lactate to CO 2 in the cellular assay (see Table 1) and exhibited no effect on PDC activity ex vivo in the heart of 

ob/ob mice. For these reasons, the hypoglycemic activity of 2 and 21 are likely unrelated to their ability to inhibit 

PDK activity. 

The triterpene 12 inhibited PDK activity with an IC50 of 840 + 0.034 nM, and increased the conversion of 

lactate to CO2in the cellular assay with an ECs0 of 1.7 + 0.15 ~tM. The maximal increase of lactate conversion was 

approximately threefold above control. It displayed a biphasic dose response; at concentrations greater than 30 ~tM 

lactate conversion to CO2 declined, reaching levels below control incubations at a concentration of 300 ~tM. The 

triterpene 12 acutely lowered blood glucose levels in the ob/ob mouse model following oral administration (100 or 

300 ~tmol/kg). When 12 was administered orally to 24 h fasted normal (Sprague-Dawley) rats (300 ktmol/kg), it 

lowered blood lactate levels (-18%, p < 0.05, two and four hours post dose, Table 3) (blood lactate lowering is an 

Table 3. Effect of  12 on Blood Glucose and Blood Lactate Levels After Oral Dosing in Sprague-Dawley Rats. 
Blood Glucose (mg/dl) Blood Lactate (mM) 

Treatment I1 h 2 h 4 h I) h 2 h 4 h 
Vehicle 49.6 +_ 1.0 49.1 + 1.6 49.8 + 1.4 1.01 + 0.09 0.98 + 0.07 0.96 + 0.02 

12  (300 ~tmol/kg) 49.5 + 1.7 49.1 + 1.1 49.3 + 2.0 1.01 + 0.09 0.80 + 0.03 0.79 + 0.04 
% of Control 100 101 99 100 82* 82* 

*p < 0.05 

early in vivo result of PDK inhibitiong). However, treated animals unexpectedly exhibited reduced tibialis anterior 

skeletal muscle PDC activity (determined in an arylamine acetyltransferase-coupled spectrophotometric enzyme 

assay 29) by approximately 60% (7 versus 18 milli units PDC activity/unit citrate synthase activity for compound- 

and vehicle-treated animals, respectively). 

In summary, oximes of triterpenes such as 12 and diterpenes such as 2 are the first reported inhibitors of 

PDK without halogens alpha to a carbonyl. Compound 12 enhanced the conversion of lactate to CO 2, and upon 

oral adminstration lowers blood lactate levels following acute oral dosing (300 ~tmol/kg) in Sprague-Dawley 

rats. Compounds 2, 12 and 21 lowered blood glucose levels after acute oral dosing of 300 lamol/kg. That PDK 

inhibition is the cause of this hypoglycemic effect is questionable. Compounds 2 and 21 do not have activity in 

the cellular assay, and 12 is dosed at concentrations much greater than is necessary for its antiprogestational 

effects of 12 and similar oximes. 3° 
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