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Abstract: Enantio- and diastereodivergent synthesis of all four diastereomers of 2,6- 

disubstituted 3-piperidinol has been achieved. The versatility of these compounds as the 

chiral building block for alkaloid synthesis has been demonstrated both by total synthesis 

of iso-6-cassine and by formal synthesis of prosopinine, cassine, and spectaline. 

Naturally occurring 2,6(cis or trans)-disubstituted 3-piperidinols, such as Prosopis and Cassia alkaloids, 1 

have received much attention owing to a variety of their biological activities. Consequently, much effort has 
been directed toward the stereoselective synthesis of these alkaloids to date. 2 Among the efforts are our recent 
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reports on the enantiodivergent synthesis of cis, cis-trisubstituted 3-piperidinol chiral building blocks 3 and their 

application to the synthesis of 3-piperidinol 4 and indolizidine alkaloids.5 

In this communication, we wish to report an alternative design leading to the enantio- and diastereodivergent 

synthesis of these 3-piperidinol alkaloids from a single precursor. 

First, we examined the enantiodivergent synthesis of the key piperidone 1. 6 The lipase7-catalyzed 

transestedfication of the hydroxy ester (+)-1, prepared from the NaBH4 reduction of a [3-keto ester (2),8 

afforded the acetate of (+)-19 in 47% yield (>99% ee) 10 along with (-)-1 (52%, 91% ee). Hydrolysis of the 

acetate with K2CO3 gave (+)-1 ([ot]26 D +64.3) 11 in 90% yield. The enantiomer (-)-112 was found to be 

derived more effectively from the baker's yeast reduction of 2 in high optical yield (98% ee). l0 Direct 

recrystallization of the crude reduction product resulted in obtaining the scalemic (-)-1 ([¢x]26D -64.5) in 88% 

yield. In addition, the hydroxy ester 1 was found interconvertible with the starting 13-keto ester (2) by the 

Jones oxidation in 80% yield. 
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Next, we examined the diastereodivergent synthesis of all four diastereomers of 2,6-disubstituted 3- 

piperidinol starting with (-)-I. The 2,6(cis)-disubstituted 3-piperidinol chiral building block for the type A 

alkaloid was synthesized as follows. Protection of the hydroxyl in (-)-I and subsequent reduction of the 
resulting piperidone (-)-3 ([a]26D -I 15.4) afforded the alcohol (-)-4 ([a]26 D -46.2), which was transformed 

into the pipeddone (-)-6 ([o~]26D -69.4) via the phenylthio ether (-)-S ([cx]26D -67.1). Conversion of (-)-6 into 

the benzyl ether (-)-7 ([cz]26 D -60.9) and subsequent homologation at the lactam carbonyl in (-)-7 via the 

thiolactam (-)-8 ([(Z]26D -158.6) by the Eschenmoser's sulfide-contraction protocol 13 afforded the vinylogous 

urethane (+)-914 ([¢~]26D +50.7). The catalytic hydrogenation of (+)-9 followed by protection of the resulting 

amine provided the piperidine (-)-I0 ([a]26D -10.3) and small amounts of a 4:1 mixture of cis(2,6)- and 

trans(2,6)-N-benzylpiperic~nes. Hydrogenolysis of (-)-I0 and protection of the resulting alcohol provided the 
urethane (-)-11 ([(Z]26D -1.3). Reduction of (-)-11 furnished the alcohol (-)-12 ([ec]26 D -29.9, lit. 4a [a]26D 

-30.7). As the transformation of (-)-12 or its enantiomer (+)-12 into (+)-spectaline 4a and (-)-methyl N,O- 
diacetylspicigerinate 4b or into (-)-cassine 4a had been furnished, the absolute stereochemistry of (-)-I was 

determined to be 2R, 3S. 
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(95%); d: R"ney Ni (W-4) (95%); e: c. HCI, McOH, reflux; f: Nail, BnBr, 80 °C (84% in 2 steps); g: Lawesson's 
reagent (96%); h: BICH2CO2Me then Ph3P, Et3N (83%); i: H2, Pal(OH)2, MeOH; j: ClCO2Me, K2CO 3 {68% 
yield in 2 steps and the starting (+)-9 in 20% recovery) 

Anothcr 2,6(cb)-disubstituted 3-piperidinol for the type B alkaloid was synthesized as follows. The alcohol 
(-)-4 was transformed into the benzyl ether (-)-13 ([a]26D -50.4), which was convened into the vinylogous 

urethanc (+)-1514 ([a]26D +10.5) via the thiolactam (-)-14 ([a]26D -179.5). The catalytic hydrogenation of 

(+)-15 and protection of the rcsuhing amine afforded the urethane (+)-16 ([C~]26D +37.6). The PCC oxidation 

of (+)-16 gave the ketone (+)-17 ([ct]26D +110.4), which was subjected, after hydrogenolysis, to the 

NaB(OAc)3H reduction to furnish the diol (+)-18 ([cz]26 D +8.5) as a sole product. 15 
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a: Nail, BnBr (96%); b: Lawesson's reagent (90%); c: BrCH2CO2Me then Ph3P, Et3N {53% of (+)-15 and 31% of the 
MOM ether (R = MOM)I; d: H2, Pd(OH)2 , MeOH; e: CICO2Me, K2CO 3 {(+)-16 in 71% yield and the starting (+)-15 
in 7% recoveav}; f: PCC, AcONa (96%); g: NaB(OAc)3H, AcOH (86% in 2 steps) 

A 2,6(trans)-disubstituted 3-piperidinol for the type C alkaloid was synthesized as follows. Reduction of 

(+)-9 with NaBH3CN in the presence of acid gave a 1:14 mixture of the cis(2,6)- and trans(2,6)-piperidines. 

Hydrogenolysis of the mixture over Pd(OH)2 followed by treatment of the resulting amine with C1CO2Me 

provided trans-piperidine (-)-19 ([a]26 D -1.1) in 68% isolated yield. The ftrst synthesis of (-)-iso-6-cassine 

(22) 16 ([Ct]26D -1.517, lit. 18 [(X]25D +3.3) from (-)-19 via the alcohol (-)-20 ([(x]26 D -14.2) and the diene 21 

was accomplished as depicted below. 
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a: NaBH3CN. TFA, 0 °C (99% of combined yield); b: H 2, Pd(OH) 2, MeOH; c: K2CO3, CICO2Me 
(68%); d: Super-Hydride (9:2%); e: Swern oxidn,; f: CH2=CH(CH2)gP+Ph3Br ", n-BuLl (80% in 2 
steps); g: Wacker oxidn. (64%); h: TMSI. CHCI 3 (58% in 2 steps) 

Finally, a 2,6(trans)-disubstituted 3-piperidinol for the type D alkaloid was synthesized as follows. 

Removal of the methoxymethyl in (-)-13 and PCC oxidation of the resulting alcohol gave the scalemic ketone 

(+)-23 ([0t]26 D +118.6) in 83% yield after recrystallization from i-Pr20. Hydrogenolysis of (+)-23 and 

subsequent reduction with NaB(OAc)3H provided the tra~-diol (-)-24 ([a]26 D -40.3) as a sole product. 19 

Protection of (-)-24 afforded the dibenzyl ether (-)-25 ([0t]26 D -46.7), which was transformed into the 

vinylogous urethane (+)-2714 ([o(]26 D +23.5) via the thiolactam (-)-26 ([(z]26 D -105.9). Reduction of (+)-27 

with NaBH3CN in the presence of acid gave a 1:8 mixture of the 2,6-cis- and 2,6-trans-piperidine in 89% 

combined yield, and fractionation by repeated chromatography afforded the pure traax-pipeddine (-)-28 ([ct]26 D 

-23.2) in 53% isolated yield. Reduction of (-)-28 with LiA1H4 provided the alcohol (-)-29 ([0~]26 D -37.9), 

whose application in its racemic form to the stereoselective synthesis of prosopinine was reported by Stille. 2a,b 
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2 steps); e: KOH) BnBr, MS 4A (79%); f: Lawesson's reagent (94%); g: BrCH2CO2Me then Ph3P, Et3N (92%); h: 
NaBH3CN. TFA, 0 °C; i: LiAIH 4, THF. reflux (84%) 
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Four  d ias te reomers  o f  2,6(cis or trans)-disubsfituted 3-piper idinol  { (-)-12, (+)-18,  (-)-20, and  (-)-29} thus 

obta ined and  the coun te renan t iomer  (+)-1 would  serve as p romis ing  ehiral  bu i ld ing  b locks  for  the  synthesis  of  

other  3-piperidinol alkaloids, and additional studies on the synthetic utility of  these heterocycles are in progress.  
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