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Abstract - A new method for stereoselective synthesis of 3-hy&oxy-2.6-diakylpiperidine alkaloids is 

reported. The key trans-oxarolidine intermediate 8 was generated by mercuric ion-inhated 

cyclofunctianaliation of an N-acylaminomethyl ether derivative of allyl~c alcohol 5 (6 --> 7). 

Racemic deoxocassine (3) was synthesized by addition of a Cll chain (8 --> 9). cleavage of the 

oxazolidtne ring under basic conditions (9 --> 17), and reductive amination to generate the piperidine 

ring (17 --> 3). It was found that attempts to cleave the cyclohexyl carbamate group of oxazolidine 9 
under acidic conditions resulted in rapid rearrangement m oxazolidinone 10 with inversion of 

stereochemistry at the 0-substituted carbon. Thls oxazolidinone was converted to racemic 

isodeoxycassine (4) by ring cleavage (10 --> 14) and reductwe amination. Treatment of oxazolidine 9 

under strongly acidic conditions led to isolation of the 3-acetaxy-2.5-dialkylpiperidine 11, the product 

of an intramolecular Mannlch reaction. 

The members of one major sub-group of the naturally occurring piperidine alkaloids incorporate a 3-hydroxy- 

2,6-dialkyl substihltion pattern (I).' Although several stereochemical relationships are found in this class of 

alkaloids, most of the alkaloids with a C-2 methyl substituent possess an "all-cis" (2a,3a,6a) stereochemistry 

(representative examples are given by srmctures Za-d). Several synthetic approaches to alkalotds with srmcture 2 
have been ~ e p o n e d ? - ~ ~  but many of these syntheses suffer from lack of stereochemical control at C-3 or require 

correcuon of stereochemistry at this center." We have developed a new method that contains sufficient flex~bility 

to allow for stereoselective synthesis of alkaloids 1 with a variety of smctural and stereochemical relationships. 
Stereoselective syntheses of (f)-deoxocassine (3),12 a simple analog of the natural alkaloids 2, and of the 

stereoisomeric (f)-isodeoxocassine (4) are reported in this paper. The stereodivergent nature of the synthetic 

method results from a novel, stereospecific rearrangement of a key synthetic intermediate. 

1 [2R,3R,6S] [ZS,3S,6R] 3 deaxocass~ne 
R1 5 H or acyl 2a) R = (CH~)~OCOCH~,  2c) R - (CH2)5COzH, 

R1 = ~ubstnUted alkyi 1-)-cassme (+)~azim~c acid HOn 
A retrosynthetic analysis for the all-cis 3-hydroxy-2-methyl-6-alkylpiperidines is shown in Scheme I. 
Sterwselective reductive amination of &amino ketones lo CIS-2.6-diakylpiperidines has been used in a variety of 

s y n t h e n e ~ . ~ - ~ . ' ~ ' ~ - ~ ~  'Ilus. a key smcture in our synthetic approach u the y-hyboxy-&amino ketone 11. 7he major 

consideration then becomes control of the relative stereachemisny of the p-amino alcohol functionality in smcture 

11. Our earlier studiesI6 on inuamolecular amidomercuration of N-acylaminomethyl derivatives of allylic alcohols 

(Scheme 2) led us to consider the oxazolidine smcture 111 as an appropriate precursor to ll. The oxazolidine also 
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serves as a protccring p u p  for the amino alcohol functionality during the steps necessary to intraduce varying R 

groups late in the synthesis. l h i s  analysis leads to selection of a suitably protected allylic alcohol (IV) as the 

s tding material for these syntheses. 

Scheme 2 

The synthesis of the protected allylic alcohol 5 and its conversion to the key oxazolidine intermediate 8 is shown in 

Scheme 3. Allylic alcohol 5 was prepared from butane-l,4-diol hy monoprotection with knzyl bromide," 

oxidation to the aldehyde with PCC, and treatment with vinylmagnesium bromide. This alcohol was converted to an 

N-acylaminomethyl derivanve by treatment with an N-(hy&oxymethyl)carbamate and p-toluenesulfonic acid as 

catalyst. Although benzyl carbamates were used extens~vely in our earlier s t u d i e ~ , ' ~ ~ ' ~ - ~ ~  the use of the benzyl ether 

protecting group for the primsry alcohol required a different cabamate. Methyl and isobutyl cabmnntes were 

examined, but the cyclohexyl cabamate proved most useful for facile preparation of the requisite 

N-acylaminomethyl ether derivative 6.=' Cyclohexyl N-(hydmxymethyl)carbamate was prepared by condensation 

of cyclohexyl carbamate with formalin (1.5 eq) and sodium carbonate (0.5 eq). A mixture of alcohol 5, cyclohexyl 

N-(hydroxymethy1)carbamate (1.1 eq), and a catalytic amount of p-TsOH in ether was heated at reflux with a 

Dean-Stark map for 40 min. The ether derivative 6 was isolated in 53% yield after preparaove HPLC purification. 

Recovered alcohol 5 could be recycled to improve the conversion to 6. Compound 6 was converted to oxamlidine 

7 by ueatment with mercuric acetate in acetonitnle followed by reductive demercuration. The reductive 

demercuration was effected by removal of aceronimle under vacuum, dilution of the organomercurial with CH,CI,, 

amon exchange with KOH and a phase-transfer catalyst, and reduction with basic sdium b ~ r o h ~ d r i d e . ~  This 

cyclizarion provided trans oxazolidine 7 and the cis diastereomer in a ratio of 4.41. The pure mans isomer 7 was 

ohtamed in 65% yield after puntication by prepmtive HPLC. This cyclofunctionalization reaction not only 

Scheme 3 

a) PhCH2Br. KOH: b) PCC, CH2CI2. c) H2C=CH-MgBr. THF, dl CgHj 102CNHCH20H. p-TsOH. Et2Q 

e) H ~ ( O A C ) ~ ,  CH3CN; 1) NaBH4, KOH; g) H2. 10% PUC. EtOH 
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generates the correct stereochemical relationship for the b-amino alcohol functionality. but also provides surtable 

protection for further elaboration of the appropriate side chain. The benzyl ether protecting group was cleaved by 

hydrogenolysis, and the alcohol was oxidized with PCC to give oxazolidine aldehyde 8 (87% crude yield). 

Although this aldehyde could be isolated and chmmatographed, higher yields in the next reaction were obtained by 

use of the crude aldehyde directly (see below) Aldehyde 8 can be considered a suitable precursor for synthesis of 

any of the 2a-methyl-3a-hydroxypiperidine alkaloids through addition of varying groups to generate the 

appropriate 6-subst~tuent . 
Although initial studies were directed toward synthesis of azimic acid (Zc), attempts to cleave the oxazolidine ring 

after addition of the side chain gave results which were difficult to in t e rp~e t .~~  We therefore directed our attention 

to synthesis of deoxocassine (3) with a non-functionalized side-chain in order to smplify the spectra of the 

intermediates. Oxazolidine 8 was convened to oxazolidine 9 by reaction with dodecyllithium followed by 

oxidat~on. The cleavage of cyclohexyl carbamates with HBr in nit~omcthane~~ has been reported, and other studm 

11 12 

a) CH3(CH2)11-Li: b) Jones'reagem, c) HBr/CH3N02, n, d) HBrIAcOH, n: e) HBrIAcOH, 64 "C, I) NaOH, H201EtOH 

from these laboratories" used HBr in acetic acid at 64 OC for this purpose. The carbamate functionality in 

oxazolidine 9 was cleaved much more readily than cyclohexyl carbamates in other systems. It was found that 

reaction with HBr/CH3N02 at m m  temperature led to complete loss of the cyclohexyl group withm 10 min. The 

resultlng product, however, was not the simple unprotected oxazolidine ur products resulting from further 
hydrolysis to the amino alcohol. Careful analysis of the nmr specrra of the product established that it was lhe 

rearranged cis-oxazolidmone The smcture and rtereochemisoy of 10 was funher confirmed by elaboration 

into (t)-isodeoxocassine (4) (see below). Cleavage of the cyclohexyl czbamate of oxazolidme 9 with HBrmOAc 

at 64 "C resulted in an even more complex rearrangement from whtch acetate 11 was isolated. After hydrolysis of 

the acetate and chromatographic puntication, amino alcohol 12 was isolated in 22% yield.26 The smctun of 

alcohol 12 was deduced from analysis of the 400 MHz 'H nmr specmm in conjunction with a 2-D COSY 

~pecuum.~'  It was shown, however, that reaction of 9 with HBrmOAc at raom temperature for 30 minz8 alqo gave 

the oxdzolidmone 10. 

The facrle rextion of carbamate 9 with acid and the inverted stereochemistry observed in the resulting product 10 

can be rationalized by the mechanism shown m Scheme 4. In this mechamsm, the side-chain carbonyl serves as an 

mtramolecular nucleophile to cleave the C - 0  bond cleavage with inversion of conf ig~rat ion.~~ The cyclohexyl 

group is then lost by inmolecular  ring closure to f o m  the oxazohd~none structure 10. Further rearrangement of 

oxazolidinone 10 to piperidine 11 must involve ring opening of the oxawhdinone, again with inversion or 

racemization at the oxygen-substituted carbon,% followed by an inrramolecular Mannich reaction. 

Decoupling experimelm with oxamlidinone 10 at 400 M H z  showed that the coupling constant between the protons 

at C-4 and C-5 was 8 MHz, consistent only with the cis stereochemisoy." This oxazolidinone was converted into 

Wisodeoxocassine as shown in Scheme 5. Oxidation of 10 with Jones' reagent gave the N-fomyl oxarolid~none 
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13. Hydrolysis with base then cleaved the N-formyl group and the oxazolidinone ring. The resulting 

tetrahydropyridine 14 was hydrogenated over palladium on carbon to give (f)-isodeoxo~assine.~~ 

Scheme 5 o 

a) Jones' reagent, b] 2N NaOH, EIOHIHZO, reflux; c) H2, PdIC 

Since acidic cleavage of the carbamate in oxamlidine 9 resulted in inversion of stereochemisuy at a critical chiral 

center, hydrolysis under basic conditions seemed the only alternative. The ketone functionality was fust protected 

as a ketal to avoid problems with aldol condensation. Treatment under a variety of strongly basic conditions failed 

to cleave the cyclohexyl a arb am ate.^' We finally found that treatment with sodium methoxide m methanol at 120 

'C (sealed ampoule)33 resulted in clean conversion to unprotected oxazolidine 16 (Scheme 6). Because of concerns 

over Mannich reaction, the oxazolidine was cleaved under conditions which retained the ketal protecting group. 

Thus, uearment with malonic acid and pyridinS4 in ethanol gave the threo amino alcohol 17. This compound was 

converted into (*)-deoxocassine (3) by acid hydrolysis of the ketal group and hydrogenation.32 

Scheme 6 

a) HOCH2CH20H, p-TsOH, P ~ H ;  reflux: b) 2N NaOMe, MeOH, 120 "C, 12 h; c) H02CCH2C0$i, PylEIOH, reflux. 
d) 0 25 N H2SO4. H 2 0 ,  THF: e) Hz ,  PdIC. EtOH 
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The results described abave demonsmte that a single oxazolidine precursor such as 9 can serve as a staning 
material for synthesis of hydroxypiperidine alkaloids with either 2a,3a or 2a.3P stereochemistry. Previous 

studies3* have shown that rewhydropfidines related to 14 and 18 can be convened to rrans~2.6-substituted 

pipcridines (2a.6P ste-hemistry) by reduction with triethylaluminum followed by diisabutyl aluminum hydride. 
Earlier studies from our on the oxidative demercuration of organomercurials resulting from 

intramolecular amidomercuration of N-acylaminomethyl ethers suggest that cyclafunct~onal~zation of intermediate 

6 could be used to synthesize the dihydroxypiperidine alkaloids (1, Y = OH). Thus, the method reported in this 

paper could be extended to provide a unified methodology that could be applied to the stereoselective synthesis of 

of the 2,6-disubstituted 3-hydroxypipaidine alkaloids (1) from a single intermediate, the cyclofunctionaliration 

substrate 6. 
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