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SUMMARY 

26,27-DifLuoro-6R-methoxy-30(,5-cycLo-5~-choLestan-25-oL & 

and (25R,S)-27-fLuoro-66-methoxy-30c,5-cyclo-choLestan-25,26- 

dial B were obtained from methyl 36-hydroxy-5-cholenoate 2 via 

opening of the oxirane ring of (25R.S)-25,26-epoxy-27-fluoro- 

6B-methoxy-3q5-cycle-50c-cholestan 4a with tetrabutylammonium - 
fluoride. 

INTRODUCTION 

Recently it has been found that vitamins D2 and D3 inhibit 

proliferation of certain tumour cells [l]. In the search for 

vitamin D analogues possessing anti-leukemic activity it has been 

proposed to introduce a fluorine atom(s) at the metabolically 

active sites of the molecule, particularly at the side-chain 

[la,21. During the past decade many synthetic strategies have 

been elaborated to obtain vitamin D analagues with a fluorine 

atom at C-23, C-24, C-25, C-26, and C-27 positions 133. Several 

of such fluorinated compounds inhibit growth of malignant cells; 

most of them are, however, also involved in calcium and 

phosphorus metabolism. One of these F-analogues, 26,27-F6-lc+OH- 

vitamin D3, greatly affects cell differentiation, whereas its 

hypercalcemic activity is low [43. 

0022-1139/90/$3.50 0 Elsevier Sequoia/Printed in The Netherlands 



208 

In this connection, at.our laboratory it was attempted to 

synthesize cholesterol-type precursors of vitamin D3 with 

a fluorine atom(s) located at the metabolically active sites of 

the side-chain. In a previous paper [5] we have reported 

preparation of (25R,S)-26-fluoro-5-cholesten-3B,25-diol 

3-acetate and its 27-alkyl 
Cl-C3 

homologues from methyl 

3B-hydroxy-5-cholenoate. Fluorine was introduced by our 

procedure [6] involving synthesis of d-fluoromethyl ketones via 

allene oxides. In continuation, we present the synthesis of 

26,27-difluoro-25-hydroxy- and (25R,S)-27-fluoro-25,26-dihydroxy 

cholesterol derivatives Q and E (scheme) from methyl 

3B-hydroxy-5-cholenoate 2. Compounds la and lb may be considered - - 

as cholesterol precursors of 26,27-difluoro-lo(,25_dihydroxy- and 

(25R,S)-27-fluoro-lc,25,26-trihydroxy- vitamin D,, respectively. 

These two fluorine containing 

expected to have anti-leukemic 

J 

vitamin 
D3 

analogues may be 

properties. 

RESULTS 

Pluoroketone 3, the key compound in our synthesis of 

(25R,S)-26-fluoro-5-cholesten-3B,25-diol 3-acetate and its 

27-alkyl homologues, has been obtained 151 from methyl 

3B-hydroxy-5-cholenoate 2 in eight steps with the overall yield 

of 40%. At present, we report application of 3 for the synthesis 

of 26.27-difluoro-25-hydroxy- and 27-fluoro-25,26_dihydroxy- 

cholesterol derivatives la and lb. The strategy of the synthesis - - 

required transformation of the carbonyl group of fluoroketone 2 

into the epoxide group, followed by its cleavage with fluoride 

anions. 

Treatment of 26-fluoro-6B-methoxy-3q5-cyclo-27-nor-50(- 

cholestan-25-one 3 with an ylide - generated from trimethyl- 

sulphoxonium iodide [(CH3)3S(0)I] and sodium hydride (NaH) in 

dimethylsulphoxide (DMSO) - afforded 27-fluoro-25,26-epoxide & 

in 83% yield. Compound 4a - was obtained as a mixture of epimers 

(1:l) at C-25_ The presence of epimers in epoxide 4a was - 

confirmed by the 
19 

F NMR (470 MHz) spectrum in which signals of 

C-27 fluorine appeared as two doublets of triplets Jl(HF)=48 Hz, 

J2(HF)=4 Hz at d -228.447 and -228.450 ppm, respectively. 

Tetrabutylammonium fluoride trihydrate (TBAF*3H20), readily 
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soluble in tetrahydrofuran (THP), a source of nucleophilic 

fluoride, was chosen for opening of the oxirane ring of 4a -- 
Thus, the reaction of 4a (1 mmol) with TBAFe3H20 (1.2 mmol) in - 

boiling THF over 8 hours led to a mixture of four products and 

a small amount of starting material (5%). These compounds were 

separated by column chromatography on silica gel and their 

structures were assigned by spectroscopic methods. 

The major, less polar product (43%) exhibited the structure 

of expected 26,27-difluoro-6B-methoxy-30(,5-cyclo-50c-cholestan- 

25-01 &. In its 19 
P NMR spectrum, the fluorines of C-26 and 

C-27 appeared at d -231.756 and -231.780 ppm (two triplets, 

J(HF)=48Hz). The structure of the second product which was 

obtained in 36% yield, was shown to be (25R,S)-27-fluoro-68- 

methoxy-30c,5-cyclo-50<-cholestan-25,26-diol &_ In the 'H NMR 
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(500 MHz) spectrum of lb, protons of C-27 were present as two 

doublets (one proton each) at d 4.375 and 4.377 ppm with geminal 

H-F coupling J=47.49 Hz. The remaining two products, isolated 

in minute amounts (5% each), contained no fluorine. Their 

structures were assigned as (25R,S)-6B-methoxy-25,26-epoxy-3ti,5- 

cycle-5ac-cholestan-27-01 4b and 6B-methoxy-3o(,5-cyclo-50(- 

cholestan-25,26,27-trio1 lc. - 

For optimization of conditions for the synthesis of la (and - 

possibly m), it was necessary to elucidate the role of TBAF 

3H20 in the cleavage of the oxirane ring in &. Thus, treatment 

of la (1 mmol) with TBAFs3H20 (1.2 mmol) in THF for 8 hours - 

afforded a mixture of the following five compounds: la (54%), B - 

(29%), & (11%). & (6%), and + (4%). Likewise, refluxing of 

hydroxy-epoxide 4& (1 mmol) and TBAF.3H20 (1.2 mmol) in THF 

yielded compounds: h (6%), E (8%), & (34%), & (32%), and 4b - 

(13%). In the above reactions, prolongation of refluxing time 

gradually increased the yield of G, to finally lead to 

exclusive formation of lc -- 

The above experiments exemplified the dual behaviour of 

fluoride ions: as a nucleophile (in cleavage of the oxirane ring 

4a - la) and as a base (permitting formation of epoxides (la - -- - 

Q and h m 4b). The method used for opening the oxirane ring 

of 4a - with TBAF. 3H20 gave neither & or @ as single products 

(because of competition between F- and H20_ However, if TBAF 

3H20 was replaced by anhydrous TBAF 171, compound & was 

obtained in high yield (83%). 

Summing up, two new fluorine analogues of 25-hydroxy- 

cholesterol, 26,27-difluoro-6B-methoxy-39c,5-cyclo-5e-cholestan- 

25-01 la and (25R,S)-27-fluoro-6B-methoxy-3ti,5-cyclo-5ti- 

cholestan-25,26-diol lb were synthesized from methyl 3B-hydroxy- - 

5-cholenoate 2 with the aim of serving as precursors of F-analo- 

gues of 25-hydroxy vitamin Dj. 

EXPERIMENTAL 

Melting points were recorded on a Kofler hot-stage 

apparatus and are uncorrected. The spectra were recorded using 

the following equipment: IR spectra - Beckman 4240 or Unicam SP 

200, 'H NMR spectra - Bruker AM 500 (500 MHz, in CDC13solution), 
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19 
F NMR spectra - Bruker AM 500 (470 MHz, in CDC13 solution), 

mass spectra (high resolution at 70 eV ionisation potential) - 

Finnigan MAT 8200. Chemical shifts were recorded in d units 

(ppm).. downfield shift from Me4Si (lH) and CFC13 t9 F). Column 

chromatography was performed on Kieselgel 60 (70-230 mesh), 

Merck, and TLC - on aluminium sheets, Kieselgel 60, Merck. 

Organic solutions were dried over anhydrous MgSC4 and solvents 

were evaporated under reduced pressure on a rotary evaporator. 

Yields refer to homogeneous products (TLC). 

_(25R,S)-27-Fluoro-25,26-epoxy-6B-methoxy-3c(,5-cyclo-50(- 

cholestan 4a - 

To an ylide, which was prepared in DMSO (2 ml) at room 

temperature and under argon from (CH3)3S(0)I (660 mg, 3 mmol) 

and NaH (145 mg, 50% dispersion in oil, 3 mmol), ketone 3 (418 

mg, 1 mmol) was added in DMSO (3 ml). The reaction mixture was 

stirred at room temperature for 2 hours, whereupon water was 

added and the product was extracted with Et20. The ether layer 

was washed 3 times with water and dried. After evaporation of 

solvent the residue was chromatographed on a silica gel column 

(10 g) with hexane-Et20 (98:2) as eluent, to give epoxide & 

(359 mg, 83%). m.p.=69-72 "C (hexane-Et20). 

'H NMR, 6: 0.430 (lH, dd, Jl=5.05 Hz, J2=7.95 Hz, cyclo~ro~yl-H) 

0.645 (lH, dd, J1=3.98 Hz, J2=4.98 Hz, cyclopropyl-H), 0.713 

(3H, s, 18-H), 0.919 (3H, d, J=6.60 Hz, 21-H), 1.021 (3H, s. 

19-H), 2.72 (lH, dd, J1=4.35 Hz, J2=8.29 Hz, 26-H of one epimer) 

2.75 (lH, d, J=1.95 Hz, 26-H of second epimer), 2.76 (lH, t, J= 

2.96 Hz, 6-H), 3.323 (3H, s, OMe), 4.351 and 4.362 (lH, 2dd, 

J(HH)=10.24 Hz, J(HF)=47.38 Hz, 27-H), 4.467 and 4.777 [lH, 2dd, 

J(HH)=10.24 Hz, J(HF)=47.63 Hzl. 

19~ NMR, 6: -228.447 and -228.450 [2dt, J(HF)=48Hz, J(W)=4 Hzl. 

m/e: 432 (M+, 38%), 417 (M-15, 31%), 400 (M-32, 44%). 377 (49%), 

57 (100%); 

High resolution: for C28H4502F calculated - 432.3404 

found - 432.3404 

Elemental analysis: for C28H4502F calculated C-77.73%, H-10.48% 

found C-77.86%, H-10.298 
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Reaction of 4a with TBAFmSH20 - 

A solution of epoxide & (432 mg, 1 mmol) and TBAF*3H20 

(379 mg, 1.2 mmol) in THF (5 ml) was refluxed for 8 hours, 

whereupon water was added and the products were extracted with 

Et20. The ether layer was washed 3 times with water and dried. 

Subsequently, the solvent was evaporated in vacua and the 

residue was chromatographed on a silica gel column with the 

following eluates: 

1) hexane-Et20 (98:2) to give & (22 mg, 5%); 

2) hexane-Et20 (98:2) to give 26,27-difluoro-6&methoxy- 

3ec,5-cyclo-5&cholestan-25-o1 & (194 mg, 43&), 

m.p.=168-172 "C (hexane-Et20); 

IR (CHC13): 3600 (OH) cm-'; 

'H NMR, & 0.430 (lH, dd, Jl=5.05 Hz, J2=7.96 Hz, cyclopropyl-H) 

0.645 (lH, dd, Jl=3.98 Hz, J2=4.98 Hz, cyclopropyl-H), 0.715 

(3H, s, 18-H), 0.926 (3H, d, J=6.58 Hz, 21-H), 1.021 (3H, s, 

19-H), 2.77 (lH, t, J=2.80 Hz, 6-H), 3.324 (3H, s, OMe), 4.341 

]2H, tdd, J(HF)=47.48 Hz, Jl(HH)=9.31 Hz, J2(HH)=1.43 Hz, 26-H 

and 27-H], 4.377 [2H, ddd, J(HF)=47.06 Hz, Jl(HH)=9.43 Hz, 

J (HH)=1.85 Hz, 26-H and 27-H]; 
13 

F NMR, 6: -231.756 and -231.780 [2t, J(HF)=48 Hz, 26-E and 

27-F]; 

m/e: 452 (M', 23%), 437 (m-15, 12%), 420 (M-32, 18%), 397 (M-55, 

33%), 215 (41%), 156 (30%), 125 (35%), 111 (48%), 97 (59%), 85 

(60%), 83 (60%), 71 (77%), 57 (100%); 

High resolution: 
for C28H4602F2 calculated - 452.3466 

found - 452.3466 

Elemental analysis: for C28H4602F2 calculated C-74.30%, H-10.24% 

found C-74.41%, H-10.46% 

3) hexane-Et20 (95:5) to give (25R,S)-25,26-epoxy-6B- 

methoxy-3%5-cycle-5b(-cholestan-27-01 e (17 mg, 4%), oil; 

IR (CHC13): 3620 (OH) cm-'; 
1 
H NMR, 6: 0.429 (lH, dd, Jl=4.92 Hz, J2=7.95 Hz, cyclopropyl-H) 

0.648 (lH, t, J=4.13 Hz, cyclopropyl-H), 0.710 (3H, s, 18-H), 

0.913 (3H, d, J=6.55 Hz, 21-H), 1.020 (3H, s, 19-H), 2.657 (1H. 

t, J=4.23 Hz, 26-H), 2.769 (lH, t, J=2.66 Hz, 6-H), 2.892 (lH, 

d, J-4.78 Hz, 26-H), 3.323 (3H, s, CMe), 3.648 and 3.781 [2H, 

q(AB), J(AB)=12.32 Hz, 27-H]; 
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m/e: 430 (M+,54%), 415 (M-15, 52%), 398 (M-32, 70%), 375 (M-55, 

85%), 255 (32%), 107 (69%), 95 (98%), 81 (92%), 71 (82%), 

55 (100%); 

High resolution: 
for C28H4603 calculated - 340.3447 

found - 430.3493 

Elemental analysis: for C28H4603 calculated C-78.09%, H-10.77% 

found C-78.22%, H-10.65% 

4) hexane-Et20 (95:5) to give (25R,S)-6&methoxy-27- 

f]uoro-3oc,5-cyclo-5obcholestan-25,26-diol lb (162 mg, 36%), 

m.p.=151-154 "C! (hexane-Et20); 

IR (KBr): 3450 (OH) cm-'; 
1 
H NMR, 5: 0.430 (lH, dd, Jl=5.06 Hz, J2=7.98 Hz, cyclopropyl-H) 

0.647 (lH, dd, Jl=3.97 Hz, J2=4.89 Hz, cyclopropyl-H), 0.713 

(3H, s, 18-H), 0.921 (3H, d, J=6.58 Hz, 21-H), 1.021 (3H, s, 

19-H), 2.77 (lH, t, J=2.78 Hz, 6-H), 3.323 (3H, s, OMe), 3.540 

and 3.639 [2H, q(AB), J(AB)=11.20 Hz, J(HH)=3.14 Hz - coupling 

constant of part B of quartet, 26-H], 4.375 and 4.377 [2H, 2d, 

each with J(HF)=47.49 Hz, 27-H]; 

19F NMR, 6: -231.816 [t, J(HF)-48 Hz, 27-F]; 

m/e: 450 (M+, 80%), 435 (M-15, 62%), 418 (M-32, lOO%), 395 

(fl-55, 94%); 

High resolution: for C28H4703F calculated - 450.3509 

found - 450.3509 

Elemental analysis: for C28H4703F calculated C-74.62%, H-10.51% 

found C-74.73%, H-10.81% 

5> hexane-Et20 (1:l) to give 6B-methoxy-3$5-cycle-5&- 

oholestan-25,26,27-trio1 G (22 mg,,5%), oil; 

IR (film): 3450 (OH) cm-'; 
1 
H NMR, 6: 0.430 (lH, dd, Jl=5.05 Hz, J2=7.98 Hz, cyclopropyl-H) 

0.647 (lH, dd, Jl=3.98 Hz, J2=4.90 Hz, cyclopropyl-H), 0.710 

(3H, s, 18-H), 0.914 (3H, d, J=6.59 Hz, 21-H), 1.020 (3H, s, 

19-H), 2.77 (lH, t, J=2.56 HZ, 6-H), 3.322 (3H, s, OMe). 3.579 

and 3.672 [4H, q(AB), J(AB)=11.17 Hz, J(HH)sI.O Hz - coupling 

constant of part at 6 3.579 ppm, 26-H and 27-H]: 

m/e: 448 (M+, lOO%), 433 (M-15, 58%), 416 (M-32. 97%), 393 (M-55 

96%), 385 (87%), 255 (40%), 95 (54%); 

High resolution: for C28H4804 
calculated - 448.3553 

found - 448.3553 

Elemental analysis: for C28H4804 calculated C-74.96%, H-10.78% 

found C-74.79%, H-10.858 
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Reaction of 4a with anhydrous TBAF - 

A solution of epoxide 4a (216 mg, 0.5 mmol) and TBAF (785 - 

mg, 1.5 mmol) in THF (4 ml) was refluxed. The reaction mixture 

was monitored by TLC. After 4 hours, when the whole of epoxide 

& has reacted, the product was extracted with Et20. After 

chromatography on silica gel (hexane-Et20, 98:2), difluoro 

compound h was isolated (179 mg, 83%). 
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