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Enantioselective stereodivergent synthesis of jaspine B and 4-epi-jaspine B from axially chiral allenols

A short enantioselective synthetic route to the cytotoxic marine natural jaspine B has been developed. A chiral nonracemic primary -allenol, obtained from pentadecanal, gave access to an enantioenriched 2-tetradecyl-2,5-dihydrofuran as key intermediate. A stereodivergent functionalization of this dihydrofuran allowed access in few steps to jaspine B and its 4-epimer.

) was identified as the most potent inhibitor of SphKs 1 and 2.

Because of these very interesting biological activities combined with a simple and unique structure, many syntheses of jaspine B and its stereoisomers have been reported. 5 Nevertheless among the twenty total syntheses described for jaspine B, only less than half are enantioselective synthesis starting from achiral substrates. 6 Regarding the 4-epi-jaspine B, all the reported syntheses rely on the "Chiron" approach. 3h, 4, 7 It can be noted however that an enantioselective synthesis of the enantiomer of 4-epi-jaspine B (that is 2,3-epijaspine B) has been reported in the literature. 6h We report herein an enantioselective route to jaspine B (1) and its 4-epimer 2. According to the designed retrosynthetic pathway (Scheme 1), 1 and 2 could be achieved by the stereodivergent functionalization of the double bond of the enantioenriched 2-tetradecyl-2,5-dihydrofuran (3). This dihydrofuran could result from the cycloisomerization of the chiral non-racemic primary -allenol 4 obtained by the enantiocontrolled allenylation of propargylic alcohol with pentadecanal.

Scheme 1 Retrosynthetic approach to jaspine B and 4-epi-jaspine B Allenes, more precisely alkoxyallenes, have already been used by Reissig and coll. to build up the functionalized tetrahydrofuran core of jaspine B. 8 However, this approach doesn't involve an enantioselective access to allenes but requires the use of a carbohydrate-derived chiral auxilliary. Ohno and coll. reported the use of a chiral bromoallene, derived from (S)-Garner's aldehyde, to access jaspine B. 9

Since functionalized axially chiral allenes have been largely used for the synthesis of natural products, 10 we planned to use chiral nonracemic allenol to access jaspine B. In the present asymmetric synthetic route, the key intermediate is the enantioenriched primary allenol 4, its enantiopurity being determining for the rest of synthesis. Allenol 4 was obtained in one step by the highly enantioselective allenylation of propargylic alcohol developed by Ma and coll.. 11 Reaction of pentadecanal with propargylic alcohol in the presence of (R)-,-diphenylprolinol and CuBr2 delivered 4 12 in 67% yield and 98% enantiomeric excess (Scheme 2). The Sa absolute configuration of the chiral allenol 4, induced by the use of (R)-,-diphenylprolinol, is in agreement with its dextrogyre character, all Ra isomers analogues with shorter alkyl chains described by Ma and coll. having negative optical rotation values. 11a In the next step of the synthesis, 2-tetradecyl-2,5-dihydrofuran (3) was obtained through treatment with a catalytic amount of AgNO3 in 81 % yield. At that stage, the S configuration at C-2 and the enantiomeric purity of 3 were based on those of allenol 4. Silver-catalyzed cyclisation of enantioenriched α-allenols is indeed known to occur through a stereospecific axial to centered chirality transfer. 13 This assignment could later be confirmed by comparison of the optical rotation value of the final products with values reported in the literature.

Scheme 2 Reagents and conditions: a) CuBr2 (20%), (R)-,-diphenylprolinol, dioxane, 130°C, 12h, 67%, 98% ee; b) AgNO3 (10%), acetone/H2O, 50°C, 18h, 81%.

The C14 alkyl chain being installed at C-2 with the S absolute configuration corresponding to the naturally occurring compound, the next step en route to jaspine B was the functionalization of the dihydrofuran olefin to introduce the vicinal cis amino-alcohol moiety.

Despite intense efforts, our attempts to generate this cis amino-alcohol in a single step from dihydrofuran 3 remained unfruitful. Among the several cis selective aminohydroxylation methods we tried, the protocol employing benzoyloxycarbamate developed by Luxenburger and coll. 14 allowed us to isolate with a low yield the amino-alcohol 5 (Scheme 3) as a major product of a complex reaction mixture. This issue is likely due to the poor regio-or/and diastereoselectivity of this transformation. In addition to this low yield, thorough analysis of NMR spectra revealed that the major product 5 was the unwanted regio-and stereoisomer unfitted for the synthesis of jaspine B.

Scheme 3 Reagents and conditions: a) OsO4 (5%), CH3CN-H2O (8:1), rt, 24h, 20%.

We then considered alternative strategies to functionalize the double bond of dihydrofuran 3 and reach the targeted jaspine B and its 4epi enantiomer. A two-step procedure based on the epoxidation followed by a regioselective ring opening was selected. 15 We examined several epoxidizing reagents and found that trifluoroperacetic acid gave significantly better results than others. Trifluoroperacetic acid, prepared in situ by reaction between urea-hydrogen peroxide and trifluoroacetic anhydride, 16 reacted with dihydrofuran 3 to give the two epoxides trans-6 and cis-6, isolated in 44% and 35% yield respectively (Scheme 4). [START_REF])-2-tetradecyl-3,6-dioxabicyclo[3.1.0]hexane (trans-6) and (1R,2S,5S)-2-tetradecyl-3,6dioxabicyclo[.1.0hexane (cis-6): Trifluoroacetic acid (1.29 mL, 9 mmol) was added slowly to a solution of (S)-2-tetradecyl-2,5dihydrofuran (400 mg, 1.50 mmol) and urea-hydrogen peroxide complex (2.8 g, 22.5 mmol) in CH2Cl2 (20 mL). After 15 min stirring at rt, the reaction mixture was diluted with an aqueous solution of Na2SO3 (1M, 15 mL) and extracted with CH2Cl2 (3 x 20 mL). The organic phases were collected, dried over magnesium sulfate and concentrated to dryness to give a residue which was purified by flash chromatography on neutral alumina (EtOAc/petroleum ether 2:98) to give the epoxide trans-6 (188 mg, 44%) and epoxide cis-6[END_REF] Each of the stereoisomeric epoxides 6, easily separated by chromatography on alumina, represented a high added-value intermediate for the selective preparation of one of the two targeted jaspine B stereoisomers.

Scheme 4 Reagents and conditions: a) urea-H2O2 complex, TFAA, CH2Cl2, rt, 15 min, trans-6 44% and cis-6 35%.

Epoxides 6 were thus engaged separately in a ring opening reaction. The oxirane ring of trans-6 was opened using sodium azide in DMF at 120°C for 4 days to give 1,2-azido alcohol 7 as the only regioisomer (Scheme 5). Other reaction conditions tested (NaN3/NH4Cl or TMSN3/BF3•Et2O), despite of giving sometimes faster transformations, did not revealed so regioselective. Note that azido alcohol 7 is a direct precursor of 3-epi jaspine B by hydrogenolysis. In order to obtain (2S,3S,4S) absolute configuration of jaspine B, the configuration at C-3 of 7 has first to be inverted by means of an oxidation/reduction sequence for instance. Treatment of alcohol 7 with Dess-Martin periodinane thus smoothly delivered ketone 8 that was engaged in the next step without purification. The diastereoselectivity of the reduction of the of 8 was influenced by the nature of the reducing agent as well the reaction temperature. A complete diastereoselectivity could be achieved using sodium borohydride in the presence of cerium chloride at -78°C. Azido alcohol 9 was obtained in a 72% yield over the two steps. As described in the literature, 6d, 18 catalytic hydrogenation of 9 gave access to jaspine B ( 1) 19 with a 87% yield. The enantioselective synthesis of jaspine B was thus achieved in seven steps and 12% overall yield from pentadecanal.

Scheme 5 Reagents and conditions: a) NaN3, DMF, 120°C, 4 days, 81%; b) Dess-Martin periodinane, CH2Cl2, 0°C to rt, 5h; c) NaBH4, CeCl3, MeOH, -78°C, 8h, 72% from 7; d) H2, Pd/C, MeOH-CH2Cl2, rt, 1h, 87%.

Similarly, epoxide cis-6 was engaged in an oxirane opening reaction with an azide. There again the best regioselectivity was obtained with sodium azide in DMF at 120°C even if in this case a mixture of regioisomers 10 and 11 was obtained (Scheme 6). This regioselectivity, lower than that of epoxide trans-6 ring opening, can be explain by the weaker steric hindrance engendered by the cis alkyl chain, now in the opposite direction of the azide incoming trajectory, allowing the attack at C-3 to occur as a competitive process.

Scheme 6 Reagents and conditions: a) NaN3, DMF, 120°C, 4 days; b) H2, Pd/C, Boc2O, EtOAc-CH2Cl2, rt, 1h, 12 67%, 13 17%; c) HCl, MeOH, 0°C to rt, 24h, 99%.

The mixture of azido alcohols 10 and 11 could not be separated and was engaged in a hydrogenolysis reaction in the presence of di-tertbutyl dicarbonate allowing the one-pot reduction of azido group and tert-butoxycarbonyl protection of the formed amine. The two amino alcohols 12 and 13 were then separated easily by column chromatography and obtained in 67% and 17% yield respectively. Next, the tert-butyl carbamate of the major regioisomer 12 was cleaved off with methanolic HCl 20 to give the expected 4-epi-jaspine B (2) in 99% yield as its hydrochloride salt. 21 The enantioselective synthesis of 4-epi-jaspine B could thus be achieved in six steps and 12% overall yield from pentadecanal.

In conclusion, we have developed an enantioselective stereodivergent synthesis of jaspine B and 4-epi-jaspine B. The enantioselectivity of the described synthesis relies on the enantiocontrolled allenylation of propargylic alcohol with pentadecanal giving the key axially chiral allenol 4. Stereodiversity is introduced by means of the epoxidation of 2-tetradecyl-2,5-dihydrofuran 3 giving access to diastereoisomeric oxiranes trans-6 and cis-6, precursors of jaspine B and 4-epi-jaspine B respectively. This synthetic route is one of the most straightforward enantioselective accesses to jaspine B and represents the first enantioselective synthesis of 4-epi-jaspine B.
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 1 Figure 1 Jaspine B and 4-epi-jaspine B

Acknowledgment

We are thankful to Isabelle Fabing for technical assistance on UPC² provided by the Integrated Screening Platform of Toulouse (PICT, IBiSA). The management committee of scientific research at the Lebanese University is gratefully acknowledged.

Funding Information

This work was supported by grants (AH) from research projects at the Lebanese University.