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Abstract:



An example of the Julia–Lythgoe attachment of the vitamin D side chain to a solid-phase linked Inhoffen–Lythgoe diol derived CD-ring fragment is reported.
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Introduction


The development of analogs of 1α,25-dihydroxyvitamin D3 (1, 1α,25(OH)2D3, calcitriol), the hormonally active metabolite of vitamin D3 [1], is an attractive area for organic synthesis [2], ever since it was discovered that structural modifications could lead to derivatives featuring a dissociation between the classical calcemic and antiproliferative/cell-differentiating activities [3]. Analogs with low calcemic activity have potential therapeutic value [4]. The structure of calcitriol (1) consists of three parts (Figure 1), namely a central CD-ring core connected to two flexible entitiesa: the side chain at C20 and the seco-B,A-ring at C8. In view of this, the molecule is an ideal candidate for the application of combinatorial techniques to introduce molecular diversification [5]


Figure 1. Dissection of the vitamin D structure.
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In this context three-component vitamin D libraries in the solid phase have been reported by Takahashi [6]. In one approach, the central CD-ring system is linked to the solid phase, to which the two remaining portions are subsequently attached in sequence via nucleophilic carbon–carbon bond formation: the A-ring via Horner–Wittig coupling [7] followed by the side chain via Cu(I)-catalysed Grignard reaction [8] (Figure 2a).


Figure 2. Side-chain construction on solid phase: (a) Takahashi's approach; (b) this work.
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Results and Discussion


In the context of developing structural analogs of calcitriol featuring modifications in the side chain, we investigated the possibility of side-chain attachment using the recently described Julia–Lythgoe olefination on solid support [9]. In analogy with Takahashi's approach, a traceless linker is used (sulfone vs. sulfonate), the displacement of which occurs in the reductive elimination step (Figure 2b). In contrast with Takahashi's approach, however, the side chain needs to be introduced first since the vitamin D triene moiety is susceptible to reduction. As a first step towards the construction of a vitamin D library following this scenario, we describe herein the synthesis of 6 in which the C22–C23 connection is realised via Julia–Lythgoe olefination on solid support (Scheme 1).





The required solid-phase linked phenylsulfone derivative 4 is obtained starting from thiophenol resin 2, which is prepared from Novabiochem® 's 4-bromopolystyrene [10]. After deprotonation of 2 (large excess of t-BuOK), the intermediate thiolate is isolated by filtration and subsequently treated with tosylate 3. The latter, derived from the known Inhoffen–Lythgoe diol, was obtained from vitamin D2 following an established sequence [11]. After extensive washing of the resin, the obtained sulfide is oxidised using m-CPBA to the corresponding sulfone 4. After deprotonation (n-BuLi, toluene), the α-sulfonyl carbanion is isolated and reacted with 3-methylbut-2-en-1-al, and the resulting alkoxide is directly converted into the corresponding benzoate 5. Upon subsequent reductive elimination with samarium diiodide in the presence of DMPU [12], olefin 6 was released in which the double bond possessed almost exclusively the E-geometry. The calculated yield for the solid-phase sequence (a→f) is approximately 22%.
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Scheme 1. C22–C23 connection sequence via Julia–Lythgoe olefination on solid phase. 






Scheme 1. C22–C23 connection sequence via Julia–Lythgoe olefination on solid phase.
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Conclusions


The current procedure illustrates the feasibility of applying a Julia–Lythgoe olefination on solid phase to vitamin D side-chain construction. Indeed, reduction of the double bonds of 6 would produce the vitamin D3 side chain. On the other hand, adequate functionalisation of the diene could lead to the 25-hydroxylated side chain of the active metabolite 1α,25(OH)2D3 and certain analogs.




Experimental


General


The solid-phase syntheses were carried out in a three-neck round-bottom flask equipped with a magnetic stir bar. The wide centre neck was used as inert-gas inlet via a Teflon stopcock and for the addition of solids. One side neck was fitted with a septum for the addition of solvents and reagents via syringes. The other widened side neck equipped with a sealed-in sintered glass disc as filter was connected via a Teflon stopcock and connector with side tube to a round-bottom flask to collect the filtrates. Gentle suction was applied via the side tube to help filtration. Tetrahydrofuran (THF) and diethyl ether (Et2O) were distilled from benzophenone ketyl. Dichloromethane (DCM) was distilled from CaH2. Toluene was distilled from sodium. N,N-Dimethylformamide (DMF) and dimethyl sulfoxide (DMSO) were purchased ‘anhydrous’ and used as such. TLC were run on glass plates precoated with silica gel (Merck, 60F-254). Column chromatography was performed on silica gel (Merck, 230-400 mesh). IR spectra were recorded on a Perkin–Elmer series 1600 FT-IR spectrometer. 1H-NMR and 13C-NMR spectra were recorded on a Bruker AM-500 spectrometer. Hydrogen chemical shifts δ are reported in ppm relative to CDCl3 (7.26 ppm) as an internal reference. J values are given in Hz. Carbon chemical shifts δ are reported in ppm relative to CDCl3 (77.16 ppm) as an internal reference. Mass spectra (EI) were recorded on a Hewlett–Packard 5898A spectrometer at 70 eV.




Synthesis


The preparation of 6 from thiophenol resin 2 involves 6 consecutive solid-phase steps (a→f), each step involving bead swelling, reaction, filtration and thorough washing. All operations were carried out at room temperature.




(a) Potassium thiolate of thiophenol resin 2


To beads of thiophenol resin 2 (0.5 g, approx. 1.07 mmol) was added dry THF (10 mL) and dry DMSO (5 mL), and the beads were allowed to swell for 30 min. Solid t-BuOK (1.44 g, 12.84 mmol, 12 eq) was added and the reaction mixture was gently stirred (50 rpm) for 90 min. The beads were filtered off and washed twice with dry THF.




(b) Substition of tosylate 3


To the beads was again added dry THF (10 mL) and dry DMSO (5 mL), and the beads were allowed to swell. Tosylate 3 (0.97 g, 2.0 mmol, 1.9 eq) dissolved in a minimal amount of dry THF was added dropwise and the reaction mixture was gently stirred overnight. The beads were filtered off and washed successively with 25-mL portions of THF, DMF, MeOH and DCM to give the solid-phase linked side-chain sulfide.




(c) (1S,3aR,4S,7aS)-4-(tert-Butyldimethylsilyl)oxy-7a-methyl-1-[(1S)-1-methyl-2-(phenylsulfonyl)-ethyl]octahydro-1H-indene (4) [13]


To the (black) beads was added dry DCM (15 mL) and the beads were allowed to swell. meta-Chloroperoxybenzoic acid (m-CPBA, 77% solution in DCM; 1.25 mL, 0.96 g, 4.28 mmol, 4 eq.) was added and the reaction mixture was gently stirred for 3.5 h. The (white) beads were filtered off, washed with MeOH and DCM, and dried under vacuum to afford the corresponding resin bonded sulfone 4.




(d) α-Sulfonyl carbanion of sulfone 4


To the beads was added dry toluene (11 mL) under an inert atmosphere and the beads were allowed to swell. n-BuLi (2.3 M solution in hexanes; 2.33 mL, 0.34 g, 5.35 mmol, 5 eq) was dropwise added, turning the beads yellow. The reaction mixture was gently stirred for 30 min and the excess reagent was removed by filtration.




(e) (1R,3aR,4S,7aR)-1-[(1S)-3-Benzoyloxy-1,5-dimethyl-2-(phenylsulfonyl)hex-4-en-1-yl]-4-(tert-butyldimethylsilyl)oxy-7a-methyloctahydro-1H-indene (5)


To the beads was added dry THF (11 mL) and 3-methylbut-2-en-1-al (0.206 mL, 0.180 g, 2.14 mmol, 2 eq.) under an inert atmosphere and the reaction mixture was gently stirred for 5 h. Benzoyl chloride (0.745 mL, 0.902 g, 6.42 mmol, 6 eq.) was added and the reaction mixture was gently stirred for 15 h. The beads were filtered off, consecutively washed with MeOH, DMF, Et2O and DCM, and dried under vacuum to give the corresponding solid-phase linked benzoate 5: IR (KBr pellet) ν 2928 (s), 1943 (w), 1872 (w), 1801 (w), 1720 (s, C=O stretching), 1638 (m), 1601 (m), 1491 (m), 1452 (m), 1381 (m), 1316 (m, S=O stretching), 1261 (m), 1147 (m, S=O stretching), 1116 (m), 1082 (m), 1028 (m), 973 (w), 924 (w), 836 (m), 759 (m), 697 (s), 618 (w), 543 (w) cm–1.




(f) (1R,3aR,4S,7aR)-4-(tert-Butyldimethylsilyl)oxy-1-[(1R,2E)-1,5-dimethylhexa-2,4-dien-1-yl]-7a-methyloctahydro-1H-indene (6)


The beads were washed twice with dry THF under an inert atmosphere. SmI2 (0.1 M solution in THF; 100 mL, 10 mmol, 9.34 eq.) was added, followed after 10 min by 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (DMPU; 3.86 mL, 4.108 g, 32.1 mmol), and the reaction mixture was vigorously stirred overnight. The beads were filtered off, the filtrate was poured into an aqueous solution of Na2S2O3 and NH4Cl, and the aqueous layer was extracted with Et2O. The combined organic layers were washed with H2O and a saturated NaCl solution, dried over anhydrous MgSO4 and concentrated under reduced pressure. The residue was purified by column chromatography on silica gel (eluent: isooctane) to afford the side-chain E-olefin 6 (90 mg, 0.24 mmol, 22% overall yield from 2): Rf (isooctane/Me2CO, 9:1) 0.79; IR (KBr film) ν 2230 (s), 2857 (s), 1472 (m), 1372 (m), 1252 (m), 1163 (m), 1094 (m), 1081 (m), 1020 (m), 960 (m), 924 (m), 870 (w), 836 (s), 774 (s), 688 (w) cm–1; 1H NMR (500 MHz, CDCl3,) δ 6.13 (1 H, dd, J = 15.0, 10.8 Hz), 5.75 (1 H, d, J = 10.8 Hz), 5.39 (1 H, dd, J = 15.0, 8.7 Hz), 3.99 (1 H, m), 2.10 (1 H, m), 1.94 (1 H, m), 1.81 (1 H, m), 1.75 (3 H, s), 1.73 (3 H, s), 1.64 (2 H, m), 1.53 (1 H, m), 1.39–1.07 (7 H, m), 1.02 (3 H, d, J = 6.6 Hz), 0.94 (3 H, s), 0.89 (9 H, s), 0.00 (3 H, s), –0.01 (3 H, s) ppm; 13C NMR/APT (125 MHz, CDCl3,) δ 138.5 (CH), 132.3 (C), 125.3 (CH), 123.9 (CH), 69.4 (CH), 56.7 (CH), 53.0 (CH), 42.1 (C), 40.6 (CH2), 39.7 (CH), 34.4 (CH2), 27.6 (CH2), 25.7 (CH3), 25.7 (CH3), 23.0 (CH2), 20.5 (CH3), 20.5 (CH3), 18.1 (C), 17.6 (CH2), 13.8 (CH3), –4.9 (CH3), –5.4 (CH3) ppm; MS m/z (%) 376 (16, M+), 361 (1, M+ – Me), 319 (16, M+ – t-Bu), 265 (17), 243 (10), 237 (16), 209 (9), 187 (2), 171 (2), 161 (14), 135 (67), 109 (100), 75 (99), 55 (15), 41 (15); Anal. Calcd for C24H44OSi: C, 76.50; H, 11.80. Found: C, 76.38; H, 11.64.
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