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Abstmck: Very precise reaction conditions, using mildjluorinationprocedu~ combined with acetonide akproteuion. 

were dewzloped for preparation of 25-9&toroponaste17me A from 24Shylmxyecx&sone. Biological activity of the new 

compound war examined and the possible relationhip between structure and biological actMy in ecxiysteroids was 

studied using A4MP2 calculations of the conformations of the side chain of three related txunpounak ecdysone, 20- 

h@o.aye+vsone and 25-fuoroponasterone A. 

28,3B,14c~,20R,22R,25-Hexahydroxy-SD-chol~t-7-en-~ne, known as 20-hydroxyecdysone (1) is the 

moulting hormone of insects, crustaceans and nematodes. 20-Hydroxyecdysone and its biological precursor 

ecdysone (2) were the first identified compounds of a family of polyhydroxylated steroids named generically 

ecdysteroids. Over 100 related structures have been isolated From plants’ and more than 60 from 

invertebrates’, being some of these structures common in both kingdoms. 

OH 

I: ZOH~~~~~WW, a-on 2: k&was 
J: 2M%uwopantemw A, R= F 

FQure 1. Structures of 20-hydroxyecdysone (l), ecdysone (2) and 254luotoponasterone A (3). 
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Regulation of moulting is the best established activity of ecdysteroids in insects, but 1 is involved in a 

diversity of hormonal functions, namely regeneration, metamorphosis, reproduction and differentiation*. These 

compounds also exhibited biological activity in mammals ‘B’. Some ecdysteroids interfere with the moulting 

process of insects, behaving as analogs or antagonists of the moulting hormone’. The number of ecdysteroids 

acting as analogs is higher than those acting as antagonists. Unfortunately, they are not very useful for pest 

control since insects have developed very efficient detoxification pathways. Exogenous ecdysteroids are quickly 

metabolised and eliminated. Moreover, the level of the most currently available ecdysteroid 1 is very accurately 

regulated in haemolymph and very high doses are needed to produce irreversible damage to the insect. 

Our aim was to obtain synthetic analogs of 20-hydroxyecdysone that could block the metabolic paths for 

this compound. Such analogs should not be eliminated by the insect, and hence disrupt the normal haemolymph 

ecdysteroid titers. Fluorine chemistry has been a field of intensive search for compounds with enhanced 

biological activity, and in insect biochemistry studies on a number of fluorinated sterols, juvenile hormones 

and pheromones have been describedb. Likewise, to block the biosynthesis of 1, some side chain fluorinated 

sterols have also been reported7** but only the 29-fluorosterols showed a remarkable activity in blocking the 

citrate cycleg,io. To our knowledge, no fluorinated ecdysteroid has been previously reported but a related 

compound, 26-iodoponasterone A was found to be 126 fold more active than its hydroxylated precursor, 

inokosterone” . The replacement of a hydroxyl group by a fluorine atom may introduce relatively small 

changes in the polarity and Van der Waals radius of the fluorinated analog’*, and since the main metabolic 

path for 20-hydroxyecdysone involves the C-26, C-22, C-20 or C-3 positions” we focused our work on that 

substitution near these positions. As our fast choice, the synthesis of 25fluoroponasterone A (3) was carried 

out. 

Results and discussion. 

Treatment of 20-hydroxyecdysone-2,3:20,22_diacetonide (4) with DAST (diethylamine sulfur trifluoride) 

in anhydrous C12CH2 yielded 25fluoroponasterone A-2,3:20,22_diacetonide (5) and the corresponding 14- 

dehydro derivative (6). Reaction temperature must be accurately regulated, since under -65°C no reaction was 

observed, but when the temperature was allowed to increase to values over -55°C dehydration was the major 

reaction. If the temperature was maintained at -59f l”C, the fluorinated diacetonide 5 was obtained in very 

high yield, however this compound was slowly transforming into 6. Thus, the reaction progress was monitored 

on TLC, and it was quenched after about one hour. Whereas the usual quenching procedure for reactions with 

DAST is carried out by pouring the reaction mixture onto ice, this method yielded only 6 in the present case. 

It was necessary to destroy any excess of DAST or its acidic reaction byproducts by addition of solid CaCO, 

before allowing the temperature to increase, to obtain a 70% yield of 5 (80% based on transformed starting 

material). 

Hydrolysis from 5 to 3 was also a critical step. Although the 2,3-acetonide was easily hydrolyscd yielding 

U-fluoroponasterone A-20,22-acetonide (7b), the removal of the second acetonide at C2OC22 required longer 

reaction times and highly acidic media. By using p-TsOHIMeOH or HClO,/MeOH the yie1.d of the unwanted 

14-dehydro-25-fluoroponasterone A (8b) was quite high. Other hydrolysis systems were then assayed, using 

an acidic resin and different organic solvents. The best results were obtained with Amberlite XAD-15 in 

MeOH, which afforded 3 in 30% isolated yield after 24 hours, together with 14% of recovered 5 and the 

20,22-monoacetonide 7b (42%). The last two products could be recycled and, thus, 3 was obtained with a 

minimum of dehydration as side reaction. Special care has to be taken to avoid the presence of traces of acidic 



Synthesis of 25-fluo~~nasterone A 9811 

7a R=OH 
7b R=F 

1 R=OH 
3 R=F 

8a R=OH 
6b R=F 

F&ire 2. Reaction s&cam for ~-~~~e A synthe&s. 

compounds before evaporation of the solvent. Since 2,2dimethoxypropane has a higher boiling point than 

MeOH, a back reaction to 5 could occur. 

Activity of 2Muoroponasterone A 3 on oocyte dev~~rn~t was assayed in tiw in comparison with that 

of 114, using Wanella germ&a as test insect. To study the inhibitory activity in oocyte growth compounds 

were injected in freshly ecdysed adult females, and ovaries were explanted 4 days later. To study the 

choriogenetic action” compounds were injected on day 4 and ovaries explanted 24 h later. The correspondiig 

results indicate that both compounds show similar activities (Table 1). 

Table 1. Effect of 20-hydroxyecdysona sad 25-fhoropoasste~~ne A in ovarian development and choriogenesis in Blattella 
p?t?nilnica. 

I rn~bition of uocyte growth 

I 

Indu~ion of ehuri~is 
(injection day 0, dissection day 4) (injection day 5, dissectlou day 5) 

control 21 1.07f0.19 14 1.35io.15 0 

?&hydroxyecdysone’ 2 1 0.81 f0.17 11 1.53*0.17 0.34 

control 16 1.14f0.22 10 1.52*0.12 0 

~~~t~e A’ 17 0.81 f0.24 10 1.60*0.17 0.23 

N=sample size. BOL= basal oocyte Ien@ (mean f sd) at ClrJ 5. CI= cbrbmtion iuda (0: no effects; 1: early C~O~DII 
form&en; 2: mid cherien formation; J: late ctieriea fwmatien). X Spg/fan& dose. 
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Since very little information was available on structure-activity relationships in ecdysteroids, we 

unde~k a ~nfo~tion~ study of ecdysone 2, Z~hyd~xy~y~e I and ~-fluo~~~~ A 3. Due 

to the big size of these molecules and the high number of calculations needed to study the side chain mobility, 

a hIMP2 semiempirical method, was used. A conformational space was searched by rotation of pairs of 

consecutive bonds using a 20” resolution for each dihedral angle (see Fig. 3 for one example). All structures 

were fully optimized in all the Iocal minima found. Five and six conformations differing in Iess than 16 KJlmoI 

were found for 2 and 1, respectively (l’able 2). In both compounds the same largely preferred conformation 

was found (comprising 90% of the population in 2 and 94% in 1). Thus, 20-hydroxylation did not appear to 

induce any ~nfo~atio~ changes in the side chain, but despite sharing the same ~nfo~atio~ structure, 

1 is much more active than 2“, the major difference between both compounds being charge distribution. 

Figure 3. Conformational space for two angles of 20-hydroxyecdysone. 

PI it2.5 111.7 151.7 
h 112.6 112.4 lf2.5 
P4 115.3 116.1 116.1 

P, 112.7 112.6 112.6 
PS 115.7 115.7 116.2 
PI / 107.1 107.1 107.1 
@* I -58.6 -54.3 -53.8 
4 63.5 67.2 68.2 
03 62.1 63.8 64.1 

8, 174.8 174.2 175.8 

6, I 177.4 177.1 178.5 

Rdl data for less preferred conformations potential minima will be available on request 
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The predicted structure for 25-fluoroponasterone A 3, displayed the same preferred conformation, 

comprising 90 96 of the population (Table 2)) as in the case of the natural ecdysteroids. The optimised structures 

obtained with MMP2 were used to obtain the charge distribution by performing a 1SCF calculation with 

MOPAC. The electronic density in the side chain is similar for all three compounds, and thus, the replacement 

of the hydroxyl group by fluorine has apparently only affected to a minor extent the rest of the molecule (see 

Fig. 4). Two tests were used to study the reliability of the predicted structures, optimised with the MMP2 

procedure. First, the energies of the ground state and the first excited state were calculated (performing a 1SCF 

calculation with a MOPAC program), and the difference was used to calculate an approximate value of the UV 

spectra in hexane. After correction of the batbochromic effect, a predicted value of 239 nm was obtained for 

the UV spectrum in MeOH, in good accordance with the experimental value, 243 nm. When the geometry was 

fully optimised with MOPAC, the predicted value raised to 241 nm, in better accordance with the experimental 

value. This improvement, though, does not seem to justify the 100 fold increase of calculation time. 

Figure 4. Charge distribution calculated with MOPAC for 20-hydroxyecdysone and 25-fluoroponasterone A. 

Secondly, the structures of the preferred conformation for the three compounds were optimized with 

MMP2 using the dielectric constant of methanol and the obtained structures were used to calculate the vicinal 

coupling constants in ‘H-NMR. For this purpose the 3JHH program, based on an extended Rat-plus equation, 

was used. As shown in Table 3, the predicted and the experimental values were in good concordance.r7 

Table 3. Theoretical and experimedal ~upling constants (in Hz) for 25-fluoroponasterone A, 20-hydroxyecdysone and 

2” 

SrP. cak. 

121313 10.8I4.6l2.8 

31313 3.6t2.812.4 

1215 11.9I4.5 

VI,,,=22 12.114.6 

1315 12.514.3 

w,,=16 5.711.814.3 

7.5 7.0 

t 

1” 

eXP. cak. 

121313 10.8l4.6l2.8 

31313 3.612.812.4 

12l5 11.914.5 

w,,=22 12.014.7 

1315 12.414.4 

1112 10.6l2.0 

3 

WP. cak. 

121313 10.8/4.6/2.7 

w,,z= 10 3.612.712.4 

120 11.9/4.5 

w,,=24 12.114.7 

1315 12.414.4 

10.612.0 
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1 4 f 6 7b 3’ 

3.89ddd 4.21ddd 4.22ddd 4.15ddd 3.87d 3.84ddd tNu 
(12A3) (15,W 05,m (11,6,6) @r,14) 

3ae4 4.04cs 
(WH = 8) (WEy 4.2.5cs 4.25ddd 4.02cs 

(w’s4 =6) ( 4,4*1) (WH = 14) 

5-H 2.23dd 2.21ddd 2.22ddd 2.23ddd 
(14,4.5) (7,7,2) c7,7>2) (7,7,1) 

7-H 5.84d 5.84d 5.84d 6.0&d 5.836 
(2.5) (2.1) (2.4) (2.4) (2) 

9-H 3.11sc 2.8Oddd 3.1 lddd 3.05ddd 
(w’h =22) (11,7,2) (12,7,2.5) (ii= WlL2) 

15-H 5.97dd 
(4,2) 

16-H&U 2.27dd 
(7*4) 

16-H@ 2.33dd’ 

(12.7) 

17-H 2.33~ 2.34dd 2.3366 2.34dd’ 2.4Odd 
(13,5) (13s) (12.4) (13,4) 

22-n 3.4-M 3.64d 3.6Odd 3.69dd 3.6ldd 

(10) (8) (8.4) (9,3) (9*4) 

lSCI& 0.86 0.78 0.78 0.96 0.79 

19-t..%, 0.98 0.97 0.96 1.05 0.97 

21_cH! 1.21 1.15 1.14 1.19 1.16 

26-m> 1.24 1.23 1.34d 1.35d 1.&i 

(24) (21) (221 

27&H, 1.25 1.24 1.36d 1.36d 1.37d 
(20) (22) (20) 

2%H, 1.32 1.31 1.29 1.32 

3’~CH, 1.41 1.39 1.41 1.40 

T-CH, 1.32 1.31 1.32 

J’WH, 1.48 1.48 1.48 

25-F -64.42~ -64.56cs -63.7&X -63.7h 
(VJM = 82) (WH = 801 (wM=69> (I =21) 

Table 4. S&ad ‘H-NMR and ‘OF-NMR spectml data ia Cl,CD. Chemical ahif& in ppm referred to TMS (H) or biflmtic 
acid (F). Coupling constants aad width at half height (wH) in Hz. 

(12,%3) 
3.95w 

(wH=lO) 

2.38dd 
(12.5) 

5.81d 

(2.1) 
3.15ddd 

(w’A=24) 

2.35~~ 

3.30- 

0.89 

0.97 

1.20 

1.33d 

(21) 

1.34d 
(21) 

#:OD 
* = assignments ma be exchanged. ~si~~n~ of 26CH, and 27-CH, signals can be 
exchanged in all compounda. 
**= J cannot be detem’kd due to solvent signal interference. 
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T&e 5. ‘TXMR spectral data of motioned compounds in Ci,C!D. Chmicd sbifb in ppm. Coupling comtant~ with ‘9 in Hz. 

C-l 

C-2” 

C-3’ 

C-4 

C-S 

C-6 

c-7 

c-8 

C-9 

C-10 

C-11’ 

c-12 

c-13 

C-14 

c-15 

C-16’ 

c-17 

C-18 

c-19 

c-20 

c-21 

c-22 

c-23 

C-24 

C-25 

CM 

c-276 

C-l’ 

C-2’ 

C-3’ 

C-l” 

C-2” 

C-3” 

1* 4 s 6 7 Y 

37.46 37.66 

69.72 72.21 

68.54 71.67 

32.81 31.80 

51.78 SO.87 

206.39 20287 

122.12 121.46 

167.88 163.18 

35.14 34.55 

39.28 37.87 

21.54 20.58 

32.52 26.92 

48.63 47.53 

85.26 85.07 

31.76 31.# 

21.54 21.95 

50.54 49s 

18.02 17.11 

21.39 29.03 

77.94 84.47 

21 .tn 21.24 

78.41 82.06 

24.38 23.63 

42.37 41.47 

71.29 70.44 

29.12 29.30 

29.61 29.72 

107.06 

28.61 

26.75 

108.35 

26.33 

31.66 37.63 

72.21 72.10 

71.67 71.74 

31.80 31.61 

50.88 SO.76 

2o2.90 202.14 

121.43 120.71 

xi.24 153.73 

34.55 38.69 

37.38 38.39 

20.58 20.58 

26.96 26.87 

47.53 47.54 

85.O3 148.78 

31.03 128.07 

22.03 39.63 

49.oa 57.66 

17.12 19.10 

29.08 28.90 

84.24 83 15 

21.23 21.23 

81.57 81.29 

23.2015 23.3oi3 

39.04t23 38.90/24 

95,54/165 95.281165 

26.05125 26SW25 

27.51/25 27.40125 

107.03 107.02 

28.61 28.51 

26.74 26.82 

108.35 108.30 

26.53 26.39 

23.67 23.61 23.32 

36.59 

67.63 

67.33 

31.51 

50.05 

204.23 

121.49 

163.11 

33.84 

38.25 

20.43 

26.92 

47.21 

84.82 

30.96 

22.01 

49.06 

17.10 

23.90 

84.25 

21.21 

81.52 

23.1714 

38.06/21 

95..51/164 

26.08125 

27.48125 

106.95 

29.04 

29.O4 

37.33 

68.49 

68.67 

32.85 

51.77 

206.42 

122.12 

167.91 

35.08 

39.23 

21.48 

32.50 

48.61 

85.23 

31.75 

21.49 

SO.50 

18.06 

24.41 

78.OO 

24.41 

78.00 

23.0314 

46.20/22 

96.04/152 

26.60126 

27.55/25 

p: CD,OD 
*, + ,& assignment can be exchanged. 
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Fluorination reactions were performed under a stream of dry nitrogen end were monitored by HPLC using a system consisting 

of two Applied Biosystems400 pumps, an Applied Biosystems-491 dynamic injector, a diode-army UV detector Applied Biosystems- 

1OOOS with a Hewlett-Packard 3396A integrator for pump control, detection and W spectra recording (at 242 and 330 nm). The 

temperature of the column LiCbroCART 5 F 12.5x0.4 cm with LiChrospher 100 RP-18 package (Merck)] was thermostatised at 

45Y! with a Spark Holland SPH-99 oven. i-PrOH/HrO was used as mobile phase with a gradient from 1090 to 6040 in 12 min at 

a flow of 1.2 mLlmin. 

Silica gel chromatography was performed on tic plates (Merck) that were developed under UV light and by spraying with 

H$O,/MeOH (15:85) and heating. Silica gel 60-200 pm (SDS, 60 A CC) was used for open column chromatography and silica gel 

540 gm (Merck, 6OH) was used for flash chromatography. Au solvents were dried snd purified by standard techniques. 20- 

Hydroxyccdysone (2) was isolated from in virro cultivated pmthalli of Polypodium v&are by reported pmccdurcs with slight 

modifications’g’p. 

‘H-NMR (300 MHz), “C-NMR (75 MHz) and ‘PF-NMR (280 MHz) were recorded on a Varian Unity 300, chemical shifts 

are reported relative to Me,Si and CFrCOOH, the “C-NMR muhiplicitics were determined by DEPT experiments and all the coupling 

constants are given in Hx. Mass spectra were obtained by HPLC-TSP-MS with a HP-5988A quadrupole apparatus [direct flow with 

HCOONH, (O.OSM)/MeOH (WSO), positive mode, TSP 190-192 ‘C, stem 96 “C, ion source 200 “Cl. 

Cakulations were done on a HP9OW835 computer, the conformatiomd spaces were searched with MM2/MMP2 (85) program 

with a 20’ resolution for each dihedral angle and 324 conformers were used to adjust each surface. H-bond was considered by using 

the pammetrisation described by ABinge?, as external parameters the Fock matrix for the x system and the dielectric constant of 

the solvent were intmduccd (78.35 for water and 35.63 for MeOH). 

For the calculation of the UV absorption maxima and the charge density distribution MOPAC program package wss used. 

1SCF calculations with a PM3 type hamiltonian w&s used over MMP2 fully optimiscd geometries. In selected cases, the geometty 

was fully optimised with MOPAC. The theoretical coupling constants were udculated with 3JHH program*‘, based on a Xarplus 

modified cquationP. 

20-Hydroxyccdysone-2,3:20,22-dincetonide (4). 1.5 mg (0.031 mmol) 1 were dissolved in 1 mL of 2,2_dimethoxypmpane and traces 

of p-TsOH acid were added as catalyst. After 10 mitt a TLC control showed complete reaction of initial product. After addition of 

NaHCOs and five minutes of stirring, 5 mL of l&O was added and the aqueous solution extracted with Cl&H (3x3mL), the joined 

organic layers were washed with H,O (5 mL), dried over MgSO, and evaporated under reduced pressure, yielding 4 quantitatively. 

4: UV X, (MeOH) 242 (s= 10841). ?NMR ttttd ‘H-NMR see Table 4. “C-NMR see Table 5. MS [TSP, m/z (relative intensity)]: 

543 (26, M+l-H,O), 561(100, M+l), 562 (39, M+2), 578 (40, M+NH>, 579 (50, M+l+NH,), 580(35, M+2+NH,), 593 (43, 

M + 1 +MeOH). 

Hydrolysis of 20-hydruxyecdysone-2,3:20,22-diacetonide (4) and 2O-hydroxyecdysone-20,22aeetonide (7a). The hydrolyses of 

4 and 7~ were assayed under different conditions by combination of different solvents (CI,CH,, MeOH or dioxane) with different 

catalysts @-TsOH, HCIO, or Amberlite XAD-15). In most cases the removad of the protective groups was accompanied with 

dehydration and 14dehydm-20-hydroxyecdysone was the main product. Only when MeOH was used with Amberlite XAD-15 the 

hydrolysis rate was very slow but yielded 1 with minor quantities of dehydration product. 

14Dehydm-25tluoroponasterone A-2,3:20,22-diacetonide (6). 8.9 mg (0.016 mmol) of 4 was dissolved in 4 mL of Cl&H, and 

the solution wss cooled to -70 “C. After addition of 4.5 mg (0.027 mmol) of DAST in 3 mL of Cl$ZH, the reaction was allowed 

to reach room temperature (5 h), then 10 mL of a 5% aqueous solution of NaHC03 was added. After vigorous stirring, the organic 

layer was washed with H,O (PxlOmL), dried over MgSO, and the solvent was evaporated under reduced pressure, yielding 7.5 mg 

(81 96) of 6. 

6: UV h, 242 (s= 8024). 19F-NMR and ‘H-NMR see Table 4. ‘rC-NMR see Table 5. 

25Fluoroponnsterone A-2,3:20,22-dincetonide (5). 40 mg (0.071 mmol) of 4 was dissolved in 20 mL of CJ$H, and cooled to -70 

“C. An excess of DAST (75 mg, 0.465 mmol) in 3 mL of C&H, was added and the temperature increased up to -55 ‘C in 75 min. 

After addition of solid NaHC4 and CaCO, this suspension wss stirred for 30 min and then it was allowed to reach room temperature. 

The crude was extracted with Hz0 (20 mL), the organic layer washed with Hz0 (3x2OmL), and dried over MgSO,. The evaporation 

of the solvent at reduced pressure afforded an oil (44.6 mg). Chromatography of this oil on silica gel (5 g). eluting with AcOEtlHx 

(I:2 and 1:l) yielded 6.8 mg of 6 (17 W), 28.2 mg of 5 (70 46) and 4.9 mg of 4 (13 46). 

5: UV L 241 (s= 10032). ‘9F-NMR md IH-NMR see Table 4. “C-NMR see Table 5. MS [TSP, m/z (Relative intensity)] : 544 
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(7, M+l-F), 545 (12, M+l-H,O), 560(16, M+NH,-HF), 563 (96, M+l), 580(100, M+NH,), 581 (84, M+l+NH,), 596 (26, 

M+2+MeGH). 

U-~uoroponaatesone A (3). 500 mg of ao acid resin (Amberlite KAD-15) aad a drop of water wem added to a aoluti~n of 28.2 

mg (0.050 mmol) of 5 in 1 mL of MeOH. After 24 houra the catalyst was filtered and waahed with MeOH (5xlmL). The solution 

sod tbe washing fmctiona were joined and filtered through a column of basic resin (500 mg, Amberlite IRA-410) to eliminate any 

acidic traces. The solvent was evaporated under reduced pressure and the residue (22.1 mg) was chromatographed on 3 g of ail& 

gel, with AcOEtlHx (1:4, 1:2, 1:l) aa mobilephaae, affordiig umeacted 5 (3.7 mg, 14 %), 11 mg of25-fluoroponaaterooe A-20,22- 

acetonide (7b, 42 4%) and 3 (7.9 mg, 30%). 

7: ‘H-NMR and IT-NMR see Table 4. “C-NMR see Table 5. 

3: UV &,_ 240 (e= 118OO).‘v-NMR and ‘H-NMR see Table 4. ‘)C-NMR see Table 5. MS [TSP, m/x (Rel. in&&y)]: 380 (30, 

M+NH,-C&OF), 445 (M+ 1-HF-HP), 462 (26, M-HF), 463 (100, M+ I-HF), 465 (33, M+ I-H,O), 466 (11, M+2-H,O), 478 

(14, M+2+MeOH-HF-H,O), 480 (93, M+NH,-HF), 481 (58, M+I+NH,-HF), 483 (92, M+l), 484 (51, ~+2), 4% (20, 

M+l+MeOH-F), 500 (72, M+NH,), 501 (15, M+l+NH,), 502 (13, M+Z+NH,), 515 (20, M+l+MeGH). 
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