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A b s t r a c t  : A combination of 1,3-dipolar cycloaddition of Z-nitrones to the chiral 
dipolarophile and subsequent ring transformation of the resulting adducts to the 
piperidinols has provided a new practical synthesis of 2,6-disubstituted 3-piperidinol 
alkaloids, (+)-azimic acid, (+)-julifloridine, and the proposed structure of N- 
methyljulifloridine. © 1998 Elsevier Science Ltd. All rights reserved. 

I N T R O D U C T I O N  

2,6-Disubstituted 3-piperidinols 2 display interesting, naturally occurring structures with three asymmetric 

centers in the piperidine ring. After the discovery and structure elucidation of a variety of 3-piperidinol 

alkaloids, much effort has been directed towards efficient and stereoselective synthesis of this unique class of 

compounds owing to the latent biological activities and ambiguous absolute structures of several compounds in 

this series.3 Azimine and carpaine are two of the macrocyclic dilactones consisting of two molecules of the 

characteristic 2-rnethyl-3-piperidinol structure with a carboxyl group as a substituent at the C-6 position, 

designated as azimic 4 and carpamic acids, and these macrocyclic alkaloids were isolated from Azima 

tetracantha. 5 Only carpaine has been biologically evaluated and has exhibited cardiac activity. 2 As the 

related alkaloids, julifloridine (2) 6 and N-methyljulifloridine (3), 7 were isolated from Prosopis juliflora by 

Ahmad, and the relative stereostructure of 2 was conf'Lrmed by the synthesis of its racemate. 8 However, the 

absolute configuration of 2 remained unclarified. On the other hand, though 3 was proposed to be an N- 

methyl derivative of julifloridine (2) based only on IH and 13C NIVlR spectral data, neither the interconversion 

nor total synthesis of 3 was reported. Considering this situation, we undertook to explore a general and 
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practical synthetic method for 2,6-disubstituted 3-piperidinol for their biological evaluation. 

Herein we report in detail a potential method for the synthesis of 2,6-disubstituted 3-piperidinols, (+)- 

azimic acid (1), (+)-julifloridine (2), and the proposed structure 3 of N-methyljulifloridine. 

RESULTS AND DISCUSSION 

Synthetic strategy 

Though several methods for the stereoselective construction of 2, 6-disubstituted 3-piperidinols have been 

developed, 3 no example of asymmetric synthesis of 2,6-disubsfituted 3-piperidinol via a route involving the 

intermolecular 1,3-dipolar cycloaddition of nitrones 9 has appeared to date. In continuation of our synthetic 

study 10 of natural alkaloids employing the intermolecular cycloaddition of C,N-dialkyl nitrone to the chiral 

olef'm as a key reaction, we designed a route to asymmetric construction of 2,6-disubstituted 3-piperidinols as 

follows. Our synthetic strategy includes the intermolecular 1,3-dipolar cycloaddition of nitrones A to 

dipolarophile B, which contains a free hydroxyl group, expecting the known 11 acceleration of the 

cycloaddition. The following ring transformation of the resulting adducts C into the piperidines would 

proceed via SN2 type substitution at the C-2" position in the side chain followed by reductive cleavage of the 

N-Obond. An oxygen atom both at the O-1 position in isoxazolidines C and at the C-4 position in the 

piperidinol D is unnecessary for the synthesis of the targets and was therefore, eventually removed by 

reductive radical reaction. 
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Total synthesis o f  (+)-azimic acid 

There have been several examples 12 of the synthesis of azimic acid including two asymmetric syntheses. 

First, we examined the cycloaddition of nitrone 5 to (-)-allyl alcohol 6.13 The nitrone 5 was readily prepared 

by the condensation of methyl 7-oxoheptanoate 414 and N-benzylhydroxylamine 15 according to the known 

method. 16 The geometry of nitrone 5 was suggested to be Z-configuration by comparison of IH NMR 

spectral data of 5 with those of the known Z- and E-nitrones. 10,17 The dipolarophile, (-)-allyl alcohol 6 was 

prepared as a major product from methyl (-)-lactate according to the known procedure. 13 Though the 

formation of a 5 : 1 mixture of 6 and the isomer was reported, the unambiguous stereostructure of the major 

isomer, (-)-allyl alcohol 6 has not been reported in the literature. 13 Empirical rules 18 in the 1H NMR of the 

l-substituted 3-butene-l,2-diols establish the following two general phenomena. First, a signal due to an 

aUylic proton of the erythro-isoraer exhibits at lower field than that of the threo-congener. Second, J-value 

between two protons at the root of two oxygen atoms in the erythro-isomer is smaller than that in the threo- 
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Table 1. 1,3-Dipolar cycloaddition ofZ-nitrone 5 to (-)-allyl alcohol 6 

methyl (-)-lactate 

I 

~ 4 ÷ 

S 

H. o . 
4 

: 5 ~ 

OH 

 Bs- I 
(-)-6 | 

R=(CH2)sCOOMe 

H 4 :I" : I'L ~ 
BS + S + BS 

B n B n "~n- 
cis-threo 7 trans-threo 8 trans-erythro 9 

Conditions Additive Yield (%) 
7 8 9 

toluene/A, 50h - -  35 37 11 

CH2CI2/A, 30h MeMgBr 3 14 - -  

congener. Thus, comparison of signals due to the allylic protons (5 3.94 in 6 : 5  3.75 in the isomer) and the 

J-values between 3-H and 4-H (J = 3.5 Hz in 6: J = 6 Hz in the isomer) clearly revealed that the major isomer 

6 and the minor congener are erythro- "and threo-structures, respectively. 

Cycloaddition of Z-nitrone 5 to (-)-aUyl alcohol 6 in toluene under reflux proceeded smoothly to give a 

3.2 : 3.4 : 1 mixture of three adducts 7 -9  in 83% combined yield which was separated by repeated medium- 

pressure liquid chromatography (MPLC). The stereostructures of the adducts 7 -9  were tentatively deduced 

from 1H NMR spectra, particularly the differences in the chemical shifts due to two 4-H. The differences 

were 0.51 ppm in the c/s-isomer 7 and 0.07 ppm and 0.39 ppm in the trans-isomers 8 and 9, respectively. 

We have recently reported that differences in the chemical shifts due to two 4-H in 3,5-disubstituted 

isoxazolidines are ca 0.6 ppm in 3,5-cis-compounds and below 0.4 ppm in 3,5-trans-compounds. 11 

However, the relative configuration between 5-H and I"-H could not be deduced from the spectral data. The 

whole stereostructures of all adducts were unambiguously conf'u'med from the structures of the readily 

assignable piperidine derivatives which were prepared by ring transformation of the isoxazolidines as shown 

later. 

Our previous study 11 on the 1,3-dipolar cycloaddition of C, N-dialkyl nitrone to aUyl alcohols has 

established that the reaction rate and the stereoselectivity are influenced by the form of the hydroxyl group, of 

which the rate is accelerated and the trans-selectivity improves when the magnesium alkoxide (OMgBr) 19 is 

used. Therefore, we investigated the magnesium-induced cycloaddition of Z-nitrone 5 to (-)-allyl alcohol 6. 

(-)-Allyl alcohol 6 was treated with MeMgBr to form the corresponding magnesium alkoxide which was 

reacted with nitrone 5 in CH2CI 2 under reflux to give a 1:4 mixture of two adducts 7 and 8 in 17% combined 

yield with the recovery of a large amount of 6 (Table 1). Thus, magnesium-induced cycloaddition of Z- 

nitrone 5 took place with the trans-stereoselectivity but in low yield. The trans-threo isomer 8 is not suited 

for the synthesis of (+)-azimic acid 1. The threo-selectivity (products 7 and 8) observed in both cases of the 

cycloadditions to either magnesium alkoxide or free alcohol is in accordance with the known results.20 
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Next, we investigated the ring transformation of isoxazolidines 7-9 into the piperidine derivatives• 

Protection of the hydroxyl group in the adducts 7-9 with the MEM group and deprotection of the silyl group 

with TBAF gave the alcohols 13-15 in 54-76% yields. Upon treatment with MsCl-pyridine the alcohols 13- 

15 gave the corresponding mesylates 16-18 which were then treated with hydrogen in the presence of 

Pearlman's catalyst to give a mixture of the acyclic rnesylates 19-21 and the cyclized piperidinols 22-24. 

Treatment of the crude hydrogenated products, which would be a mixture of 19-24, with NaHCO3 in MeOH- 

H2 O21 underwent SN2 type substitution at the root of the mesyloxy group in 19-21 leading to the formation of 

the corresponding piperidinols 22-24 as final products in 62-93 % yields via 3 steps• Careful IH NMR 

spectral analyses of both 22-24  and the above-mentioned cycloadducts 7-9  fLrmly established the 

stereostructures of three isomeric piperidinols 22-24  as shown• Next, two 3,6-cis-piperidines 22 and 24 

were converted into (+)-azimic acid (1). Deoxygenation of the piperidinols 22 and 24 with Bu3SnH via 

Barton' s ester 22 proceeded smoothly to give an identical piperidine 25 in 81-82% yield• Deprotection of the 

MEM group in 25 was achieved by treatment with TiCI4 to give the piperidinol 26 in 81% yield {26oHC1; a 

powder, mp 160-161~ {lit. 4 mp 164 ~C [(+)-methyl azimate.HC1], lit. 12a nap 153-155 °C [(+)-methyl 

azimate.HCl]}. Hydrolysis of the ester group in 26 with KOH-MeOH gave (+)-1, which was found to be 

identical with the authentic sample of (+)-1 upon comparison of their spectral data, 4 including optical rotation 

{ 1; mp 217 ~ (dec.), [¢t]D +7.4 (c 0.52, MeOH)[lit. 12b mp 214-215 'C, [Ct]D + 8 (MeOH), lit. ! 2e mp 210- 

214 T~ (dec.), [ct] D +7.9 (c 1.0, MeOH)] }. 

?H . QMEM H QMEM 

H a H b H d 
BS • 

N n R S ~ R 

7 3J3-H, 5~-H 10 3~H, 5~-H 
8 3a-H, 5~-H 11 3a-H, 5~H 
9 31~-H, 5a-H 12 3~-H, 5a-H 

R=(CH2)sCO2Me 

[ - - - - 1 3  R'=H, 3~-H, SJ]-H 
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S c h e m e  2 Reagents and conditions; a)MEMCI, (i-Pr)2NEt, CH2C!2, A; b) (n-Bu)4.NF, THF, A; c)MsCI, py., 
0 °C; d) 20% Pd(OH)2-C, MeOH, H2; e) NaHCO 3, H20-MeOH; f) Im2CS , THF, g) Bu3SnH , toluene, A; h) 
TiCI4, CH2Ci 2, 0 °(2; i) KOH, MeOH. 
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Total syntheses of (+).julifloridine and proposed structure of N - m e t h y l j u l i f l o r i d i n e  

The newly established synthetic method in this study was successfully applied to the asymmetric 

synthesis of julifloridine (2) and the proposed structure 3 of N-methyljuhfloridine. Although the absolute 

configurations of these alkaloids were not established as mentioned above, we used (+)-allyl alcohol 6 as a 

dipolarophile which is readily available from cheaper methyl (+)-lactate than the (-)-isomer. 

The nitrone 29 was prepared by the condensation of N-benzylhydroxylamine and 13-benzoyloxytri- 

decanal 28 which is readily available from 1,13-tridecadiol. 23 The geometry of nitrone 29 was suggested to 

be Z-configuration by the analysis of 1H NMR spectrum. 10,17 Cycloaddition of nitrone 29 to the (+)-allyl 

alcohol 6 gave a 2 .7 :4 .4  : 1 mixture of three adducts 30-32  in 57% combined yield. The structures of 

adducts 3 0 - 3 2  were deduced from comparison of their IH NMR spectra with those of the adducts 7-9. The 

major adduct 31 has the correct stereostructure for the synthesis ofjulifloridine (2) and N-methyljulifloridine 

(3) and, therefore, converted into the target compound. Protection of the hydroxyl group in the adduct 31 

with the MOM group and deprotection of the silyl group with TBAF gave the alcohol 34 in 59% yield, 

Nakata 24 have recently reported that the chloromethanesulfonyloxy group is a more efficient leaving group 

than the methanesulfonyloxy group. Therefore, we employed the chloromethanesulfonyloxy group as a 

leaving group for the transformation of isoxazolidine 34 into 36. Treatment of 34 with CICH2SO2CI gave, 

as expected, the bicyclic compound 35, which was successively subjected to catalytic hydrogenolysis with 

hydrogen in the presence of Pearlman's catalyst to give the piperidino136 in 77% yield. 

OH 
/ O H 

R R v ~ , -  (+)-S ~ ~  
a ,...~L.. O b L.~I~I ...O- OTBS H 5 -  

: I, BS RCH2OH = H Bn c 

Bn 
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R=(CH2)12OCOPh 

cis~threo 30 3¢¢-H, 5a-H 
trans-threo31 3~-H, 5(x-H 

trans-erythro 32 3(x-H, 51~-H 

H OMOM 
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Scheme 3 Reagents and conditions; a) PCC, AcONa; b) PhCH2NHOH, molecular sieves; c) toluene, A; d) MOMCI, 
(i-Pr)2NEt, CH2C12, A; e) (n-Bu)4NF, THF, A, 0 CICH2SO2CI, PY., 0 ~C; g) 20% Pd(OH)2-C, MeOH, H2; h) Im2CS, 
THF; i) Bu3SnH, toluene, A; j) KOH, McOH; k) HCI, McOH; I) NaCNBH 3, HCHO, MeCN. 
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l~.oxygenation of the piperidinol 36 via Barton's ester 22 gave the piperidine 37 in 74% yield. Upon 

hydrolysis of the ester with KOH-MeOH and deprotection of the MOM group with HC1-MeOH, 37 gave the 

piperidinol (+)-2 in 66% yield, mp 85-87.5 't2, [¢t]o + 18 (c 0.84, MeOH)(lit. 6 mp 82-83 ~C) which was 

found to be identical with the authentic sample of julifloridine (2) upon direct comparison of their spectral data. 

Next, (+)-julifloridine (2) prepared above was methylated with NaCNBH3 and HCHO to give the N- 

methyl derivative 3 in 78% yield. The structure of 3 was established by the careful analysis of IH NMR and 

13C NMR spectra. Surprisingly, comparison of I H and 13C NMR spectra of synthetic piperidinol (-)-3 with 

the reported data of natural N-methyljulifloridine 7 showed that they are not identical. Therefore, it is clearly 

concluded that the structure of N-methyljulifloridine should be revised. 25 

In conclusion, combination of nitrone cycloaddition to the chiral allyl alcohol 6 and ring transformation of 

the resulting cycloadducts to piperidines has provided not only a general method for the asymmetric synthesis 

of 2,6-disubstituted 3-piperidinol alkaloids but also led to unavoidable reinvestigation of the structure 

determination of N-methyljulifloridine (3). 

EXPERIMENTAL SECTION 

General. IH NMR spectra were measured using Varian Gemini-200 (200 MHz), Gemini-300 (300 MHz), 

and VXR-500 (500 MHz) instruments and 13C NMR spectra were measured with Gemini-300 (75 MHz) for 

solutions in deuteriochloroform unless otherwise stated (tetramethylsilane was used as the internal reference). 

IR spectra were measured with a Perkin Elmer 1600 FTIR machine and Mass spectra were taken with Hitachi 

M-4100 instruments. Optical rotations were measured on a Jasco DIP-370 digital polarimeter. Mps were 

determined with Kofler-type hot-stage apparatus and are uncorrected. All reactions were carried out under 

nitrogen and the extracts from the reaction mixtures were washed with water, dried over anhydrous sodium 

sulfate and concentrated under reduced pressure. TLC was performed on precoated silica gel 60F-254 (0.2 

mm thick, Merck) and preparative TLC (PLC) on precoated silica gel 60F-254 (0.25 mm thick, Merck), with 

UV detection at 254 and 300 nm. MPLC was undertaken on a 530-4-10V apparatus (Yamazen) with Lobar 

gr613e B (310-25, LiChroprep Si60, Merck) as column adsorbent. Flash column chromatography (FCC) was 

performed on Silica gel 60 (231)--400 mesh, Merck) as column adsorbent. Short column chromatography 

(SCC) was undertaken on a short glass filter using Silica gel 60 (230---400 mesh, Merck) under reduced 

pressure. Ether refers to diethyl ether. 

Methyl (Z)-6-benzyliminoheptanoate N-oxide (5). To a stirred mixture of methyl 7-oxoheptanoate 

4 (6.65 g, 42 mmol) and molecular sieves 4/~ (24 g) in toluene (200 nil) was added N-benzylhydroxylamine 15 

(4.66 g, 38 mmol). After stirring at room temperature for 2 h, molecular sieves were filtered off. The 

filtrate was then concentrated and subjected to FCC (AcOEt/hexane 1 : 3 and AcOEt) to give nitrone 5 (7.9 g, 
79%) as scales, mp 65-67 '~ (ether). IR (CHC13) 1731 (CO0), 1600 (C=N) cm -1. IH NMR 6 (200 MHz) 

7.45-7.33 (5H, m, ArH), 6.63 (1H, t, J =  6 Hz, l-H), 4.87 (2H, s, CH2Ph), 3.64 (3H, s, CO2Me ), 2.47 

(2H, br q, J = 7 Hz, 2-H2), 2.27 (2H, t, J = 7 Hz, 6-H2), 1.72-1.23 (6H, m, 3-5-H2). Anal Calcd for 

CIsH2tNO3: C, 68.41; H, 8.04; N, 5.32. Found: C, 68.15; H, 8.10; N, 5.16. 

( 3S ,4R) . ( - ) - 4 - [ ( t e r t .Bu t y ld ime thy l s i l y l ) o x y ]pe n t . l . e n .3 .o l  (6). To astirred solution of (2R)-2- 
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[(tert-butyldimethylsilyl)oxy]propana113 (3.3 g, 17.5 mmol) in THF (50 ml) was added dropwise vinyl 

magnesium bromide (1.0 M in THF) (21 ml, 21 mmol) at--60 't2. The mixture was allowed to warm to room 

temperature and stirred for 2 h. The reaction mixture was quenched with saturated NH4CI solution and 

extracted with ether. The extract was washed with brine, dried and concentrated. The residue was 

subjected to MPLC (AcOEt/hexane 1 : 8) to afford the major isomer 6 (2.59 g, 68%) and the minor isomer 

(525mg, 14%). 6;anoil.  [Ot]D- 28 (c 2.0, MeOH ). 1HNMRS(200MHz) 5.74(1H, ddd, J =  17, 10, 

6 Hz, 2-H), 5.20 (1H, dt, J =  17, 1.5 Hz, I-H), 5.11 (1H, dt, J =  10, 1.5 Hz, I-H), 3.94 (1H, br q, J =  3.5 

Hz, 3-H), 3.55 (1H, br qd, J =  6, 4Hz,  4-H), 2.25 (1H, d, J =  4 Hz, OH), 1.00 (3H, d, J =  6 Hz, Me), 

0.82 (9H, s, tBu), 0.00 (6H, s, SiMe2). The minor isomer 13 of 6; [(3R,4R)-4-[(tert-butyldimethylsilyl)- 

oxy]pent-l-en-3-ol], an oil. IH NMR 5 (200 MHz) 5.23 (1H, ddd, J = 17, 12, 6 Hz, 2-H), 5.23 (1H, dt, J 

= 17, 2 Hz, l-H), 5.11 (1H, dt, J = 12, 1.5 Hz, l-H), 3.75 (1H, br q, J = 6 Hz, 3-H), 3.59 (1 H, br quint., J 

= 6 Hz, 4-H), 2.47 (1H, d, J =  5 Hz, OH), 1.07 (3H, d, J =  6 Hz, Me), 0.81 (9H, s, tBu), 0.00 (6H, s, 

SiMe2)" 1 H NMR spectral data of 6 and its isomer were found to be identical with those reported in the 

literature. 13b 

Cycloaddition of nitrone 5 to olefin ( - ) -6 .  A solution of nitrone 5 (5.8 g, 22 retool)and olefin (-)-6 

(3.8 g, 18 mmol) in toluene (170 ml) was heated to reflux for 60 h. The solvent was evaporated and the 

residue was subjected to FCC (AcOEt/hexane 1 : 4) to give adducts 7 (2.95 g, 35%), 8 (3.11 g, 37%), 9 

(0.93 g, 11%) and recovered olefm (-)-6 (0.42 g, 11%). Methyl [3R,5R (S ,R) ] - ( - ) -2 -benzy l -5 - [2 -  

[ ( t e r t -bu ty id ime thy l s i l y l )oxy] - l -hydroxypropy l ] -3 - i soxazo l id inehexanoa te  (7); a pale yellow 

oil. [¢X]D - 67 (c 1.98, MeOH). IR (CHC13) 3446 (OH) and 1731 (COO) cm -1. 1H NMR 8 (200 MHz) 

7.42-7.23 (5H, m, ArH), 4.43 (1H, ddd, J = 8, 5, 2 Hz, 5-H), 4.03 and 3.73 (2H, ABq, J = 13.5 Hz, 

CH2Ph), 3.69 (3H, s, CO2Me), 3.58 (1H, dq, J =  8, 6Hz, 2"-H), 3.10(1H, brtd, J =  7.5, 1.5 Hz, I"-H), 

2.79 (1H, br qd, J = 7.5, 4.5 Hz, 3-H), 2.57 (1H, dt, J =  12, 8 Hz, 4-H), 2.32 (2H, t, J =  7.5 Hz, 5'-H2), 

2.06 (1H, ddd, J =  12, 7.5, 5 Hz, 4-H), 1.72-1.25 (SH, m, 1'-4'-H2), 1.19 (3H, d, J= 6 Hz, 2"-Me), 0.87 

(gH, s, tBu), 0.00 (6H, s, SiMe/2). HRMS Calcd for C26H45NOsSi (M+): 479.3064. Found: 479.3062. 

Methyl [ 3 S , 5 R ( S , R  ) ]- ( + ) -2-benzyl -5-[  2-[ ( ter t -bu ty ld imethy ls i ly l )oxy]-  l . h y d r o x y p r o p y l ] .  

3- isoxazol id inehexanoate  (8); apale yellow oil. [¢x] D + 27 (c 1.53, MeOH). IR (CHCI3) 3554 (OH) 

and1731(COO) cm -1. IHNMRS(300MHz)7.38-7 .19(5H,  m, ArH),4.23(1H, m, 5-H), 3.99 and 3.82 

(2H, ABq, J =  13.5 Hz, CH2Ph), 3.66 (3H, s, CO2Me ), 3.62 (1H, m, 2"-H), 3.21 (1H, td, J =  7.5, 3.5 Hz, 

I"-H), 2.80 (IH, m, 3-H), 2.28 (2H, t, J =  7.5 Hz, 5'-H2), 2.07 (IH, m, 4-H), 2.00 (1H, dt, J =  12, 7 Hz, 

4-H), 1.70-1.24 (SH, m, 1'-4'-H2), 1.18 (3H, d, J = 6 Hz, 2"-Me), 0.87 (9H, s, tBu), 0.00 (6H, s, 

SiMe2). HRMS calcd for C26H45NOsSi (M+): 479.3064. Found: 479.3090. Methyl [ 3 R , 5 S ( S , R ) ] -  

(-)-2-benzy•-5-[2-[(tert-butyld•methylsily•)•xy]-•-hydr•xypr•py•]-3-is•xaz•lidine- 

hexanoate (9); a pale yellow oil. [o~] D - 60 (c 1.84, MeOH). IR (CHC13) 3566 (OH) and 1731 (COO) 

cm -l. IH NMR ~i (500 MHz) 7.30-7.17 (5H, m, ArH), 4.00 (1H, m, 5-H), 3.87 and 3.79 (2H, ABq, J = 

13 Hz, CH2Ph), 3.82 (IH, br quint., J = 5.5 Hz, 2"-H), 3.60 (3H, s, CO2Me), 3.49 (IH, t, J = 5.5 Hz, l"- 

H), 2.76 (IH, m, 3-H), 2.34 (1H, dt, J =  12, 7.5 Hz, 4-H), 2.22 (2H, t, J= 7.5 Hz, 5'-H2), 1.95 (IH, ddd, 

J =  12, 8, 6.5 Hz, 4-H), 1.58-1.48 (4H, rn, 1', 4'-H2), 1.33-1.18 (4H, m, 2', 3'-H2), 1.07 (3H, d, J = 6 

Hz, 2"-Me), 0.87 (9H, s, tBu), 0.00 (6H, s, SiMe2). HRMS calcd for C26H45NOsSi (M+): 479.3064. 

Found: 479.3063. 
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Cycloaddition of nitrone 5 to olefin ( - ) -6  in the presence of EtMgBr. To a stirred solution of 6 

(226 mg, 1.04 mmol)in dry CH2C12 (5 ml)was added EtMgBr (1.04 M in THF) (1 ml, 1.04 mmol) at 0 °C. 

After stirring at 0 *C for 10 min, a solution of nitrone 5 (275 mg, 0.42 mmol) in CH2C12 (5 ml) was added 

and the resulting solution was heated to reflux for 30 h. After being cooled to room temperature, the reaction 

mixture was quenched with saturated NH4C1 solution and extracted with CH2C12. The extract was dried and 

concentrated and subjected to MCC (AcOEt/hexane 1 : 6) to give cis-adduct 7 (15 mg, 3%) and trans-adduct 8 

(71 nag, 14%). The adducts 7 and 8 were identical with the samples obtained by the cycloaddition of nitrone 

5 to olefin (-)-6 in refluxing toluene upon comparison of their Rf values and 1H NMR spectra. 

Methyl [3R, 5 R ( S , R ) ] - ( - ) - 2 - b e n z y l . 5 - [ 2 , [ ( t e r t - b u t y l d i m e t h y l s i l y l ) o x y ] - l - [ ( 2 . m e t h o x y .  

ethoxy)methoxy]propyl]-3-isoxazolidinehexanoate (10). A solution of 7 (1.40 g, 3 mmol), (i- 

Pr)2NEt (7.8 g, 60 retool) and MEMCI (6.2 g, 18 mmol) in CH2CI 2 (48 ml) was heated to reflux for 25 h. 

The reaction mixture was diluted with CH2CI 2, and then washed subsequently with 15% acetic acid, saturated 

NaHCO 3 solution and brine, and the organic layer was dried and concentrated. The residue was subjected to 

MCC (AcOEt/hexane 1 : 4) to give 10 (1.27 g, 83%) as a pale yellow oil. [¢x] D - 4 3  (c 1.81, MeOH). IR 

(CHCI3) 1731 (COO) cm -1. IH NMRt(500MHz)  7.32-7.17 (5H, m, ArH), 4.72 and4.69 (2H, ABq, J =  

7Hz, CK:H20), 4.12 (IH, brdt, J= 8.5, 7 Hz, 5-H), 3.87 and 3.81 (2H, ABq, J =  13 Hz, CH2Ph), 3.78 

(1H, qd, J =  6.5, 4 Hz, 2"-H), 3.75, 3.57, 3.52 and 3,35 (each 1H, m, OCH2CH20), 3.62 (3H, s, CO2Me), 

3.46 (1H, dd, J =  7.5, 4 Hz, I"-H), 3.30 (3H, s, OMe), 2.90 (1H, quint., J =  6.5 Hz, 3-H), 2.36 (IH, dt, J 

= 12, 7 Hz, 4-H), 2.22 (2H, t, J =  7.5 Hz, 5'-H2), 1.66 (1H, br dt, J =  12, 8 Hz, 4-H), 1.56--1.49 (4H, m, 

1', 4'-H2), 1.34-1.15 (4H, m, 2', 3'-H2), 1.11 (3H, d, J =  6.5 Hz, 2"-Me), 0.83 (9H, s, tBu), 0.00 (6H, s, 

SiMe2). HRMS calcd for C30H53NO7Si (M+): 567.3588. Found: 567.3604. 

Methyl [3R, 5R(S,R)]-(-)-2-benzyi-5-[2-hydroxy- 1-[(2-methoxyethoxy)methoxy]propyl]-3- 
isoxazolidinehexanoate (13). Asolut ionof l0  (1.13g, 2 .0mmol)andTBAF(1.0MinTHF) (2.5 ml, 

2.5 mmol) in THF (55 ml) was heated to reflux for 9 h. The solvent was evaporated and the residue was 

subjected to FCC (AcOEt/hexane 4 : 1) to give 13 (703 nag, 78%) as a yellow oil. [ct] D - 29 (c 1.66, 

MeOH). IR(CHC13) 3600--3300 (OH) and1731(COO) cm "1. 1HNMR~i(500MHz)7.36-7.23(5H, m, 

ArH), 4.68 and 4.65 (2H, ABq, J =  7 Hz, OCH20), 4.20 (1H, q, J = 7.5 Hz, 5-H), 3.93 and 3.87 (2H, 

ABq, J =  13 Hz, CH2Ph), 3.77 and 3.62 (each 1H, m, OCH2CH20 ), 3.75 (1H, br qd, J = 6.5, 3.5 Hz, 2"- 

H), 3.64 (3H, s, CO2Me), 3.57 (1H, br dd, J =  7, 4 Hz, I"-H), 3.52 (2H, t, J =  4.5 Hz, OCH2CH20), 3.37 

(3H, s, OMe), 2.88 (IH, quint., J =  7Hz, 3-H), 2.45 (1H, dt, J =  12.5, 8 Hz, 4-H), 2.27 (2H, t, J =  7.5 Hz, 

5'-H2), 1.75 (1H, brdt, J =  12, 7 Hz, 4-H), 1.62-1.54 (4H, m, 1', 4'-H2), 1.40--1.20 (4H, m, 2', 3'-H2), 

1.16 (3H, d, J =  6.5 Hz, 2"-Me). HRMS calcd for C24H39NO 7 (M+): 453.2725. Found: 453.2722. 

Methyl (2S, 3R, 4R, 6R)-(-)-4-hydroxy-3-[(2-methoxyethoxy)methoxy]-2.methyl-6- 
piperidinehexanoate (22). To a solution ofisoxazolidine 13 (1.06 g, 2.3 retool) in pyridine (13 ml) was 

added MsCI (527 mg, 4.6 mmol) at 0 ¢C and the mixture was stirred at the same temperature for 2 h. The 

reaction mixture was diluted with H20 under ice-cooling and extracted with CH2CI 2. The extract was 

washed with saturated NaHCO 3 solution, dried and concentrated to give mesylate 16 which was characterized 

from IH NMR spectrum of the crude product; IH NMR 8 (300 MHz) 7.37-7.20 (5H, m, ArH), 4.81 (1H, 
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qd, J= 6.5, 2.5 Hz, 2"-H), 4.69 and 4.62 (2H, ABq, J= 7 Hz, OCH20), 4.12 (1H, q, J= 7.5 Hz, 5-H), 

3.92 and 3.80 (2H, ABq, J =  13 Hz, CH2Ph), 3.84 (1H, dd, J =  7.5, 2.5 Hz, I"-H), 3.73 and 3.54 (each 

IH, m, OCH2CH20 ), 3.67 (3H, s, CO2M¢), 3.49-3.44 (2H, m, OCH2CH20), 3.35 (3H, s, OMe), 2.98 

(3H, s, Ms), 2.84 (1H, rn, 3-H), 2.46 (1H, dt, J =  12, 7.5 Hz, 4-H), 2.28 (2H, t, J =  7.5 Hz, 5'-H2), 1.76 

(IH, dt, J =  12, 7.5 Hz, 4-H), 1.66--1.52 (4H, m, l ' ,  4'-H2), 1.41 (3H, d, J =  6.5 Hz, 2"-Me), 1.40-1.22 

(4H, m, 2', 3'-H2). A suspension of 20% Pd(OH)2-C (575 rag) in MeOH (10 ml) was stirred under a 

hydrogen atmosphere at room temperature for 1 h. A solution of the crude mesylate 16 in MeOH (74 ml) 

was added to a resulting suspension. After stirring under a hydrogen atmosphere at room temperature for 24 

h, the reaction mixture was fdtered and the filtrate was concentrated. The residue was made alkaline with IM 

NaOH solution under ice-cooling and the whole was extracted with CH2CI 2. The extract was washed with 

brine, dried and evaporated to give a mixture of amino alcohol 19 and piperidinol 22. The structure of 19 

was deduced from 1H NMR spectrum of the crude product; 1H NMR 8 (300 MHz) 4.97 (1H, qd, J =  6.5, 4 

Hz, ll-H), 3.09(3H, s, MS), 1.49(3H, d, J=6 .5Hz ,  ll-Me). To a solution of a mixture of 19 and 22 in 

MeOH (74 rill) was added saturated NaHCO 3 solution (28 ml). After stirring at room temperature for 24 h, 

the reaction mixture was concentrated and diluted with CH2CI 2. The organic layer was washed, dried and 

concena'ated. The residue was subjected to SCC (CH2CI2/MeOH 9 : 1) to afford piperidinol 22 (660 rag, 

89%) as an oil. [0t] D - 11 (c 1.43, MsOH). IR (CHCI3) 3402 (OH) and 1731 (COO) cm -1. IH NMR 

(500 MHz) 4.83 and 4.73 (2H, ABq, J = 7 Hz, OCH20 ), 4.12 (1H, q, J =  3 Hz, 4-H), 3.77-3.69 and 3.58- 

3.51 (each 2H, m, OCH2CH20 ), 3.66 (3H, s, CO2Ms), 3.39 (3H, s, OMe), 3.36 (1H, br t, J = 2 Hz, 3-H), 

3.27 (1H, br q, J =  6 Hz, 2-H), 2.98 (1H, m, 6-H), 2.30 (2H, t, J = 7 Hz, 5'-H2), 1.67 (IH, br dt, J =  14, 

2.5 Hz, 5-Heq), 1.57 (1H, ddd, J =  14, 11, 3Hz, 5-Hax), 1.66-1.28 (8H, m, 1'-4'-H2), 1.18 (3H, d, J =  

6.5 Hz, 2-Me). HRMS (CI, isobutane) calcd for CI7H33NO6+H(QM+): 348.2384. Found: 348.2374. 

Methyl [3S, 5R ( S ,R ) ]-( + )- 2 -benzy l -5 . [  2-[ (tert, bu ty ld imethy i s i l y i  )oxy ]. l . [  ( 2 . m e t h o x y .  

ethoxy)methoxy]propyl]-3. isoxazol idlnehexanoate (11). According to the procedure described for 

protection of the hydroxyl group in 7, treatment of isoxazolidine 8 (370 nag, 0.77 mmol) with MEMC1 (575 

nag, 4.6 retool) in the presence of (i-Pr)2NEt (2.0 g, 15.4 retool) in CH2C12 (13 ml) gave 11 (340 nag, 81%) 

as a pale yellow oil. [OqD+27(cl.17, MeOH ). IR(CHCI3) 1731(CO0)cm -1. IHNMRS(300MHz) 

7.40-7.15 (5H, m, ArH), 4.90-4.81 (2H, m, OCH20), 4.04 (1H, br q, J= 7 Hz, 5-H), 3.91 and 3.86 (2H, 

ABq, J = 13.5 Hz, CH2Ph), 3.86--3.71 and 3.51-3.38 (each 2H, m, OCH2CH20), 3.64 (3H, s, CO2Me), 

3.62 (IH, m, 2"-H), 3.35 (1H, m, I"-H), 3.34 (3H, s, OMe), 2.81 (IH, m, 3-H), 2.26 (2H, t, J = 7 . 5  Hz, 

5'-H2), 2.20 (1H, dr, J =  12, 8 Hz, 4-H), 1.88 (IH, ddd, J = 12, 8, 5 Hz, 4-H), 1.64--1.44 (4H, m, 1', 4'- 

H2), 1.40-1.17 (4H, m, 2', 3'-H2), 1.14 (3H, d, J=  6 Hz, 2"-Me), 0.84 (9H, s, tBu), 0.00 (6H, s, SiMe2). 

HRMS calcd for C30H53NO7Si (M+): 567,3588. Found: 567.3604. 

Methyl [3S,SR(S,R)]-(+)-2-benzyl.5.[2.hydroxy-l.[(2-methoxyethoxy)methoxy]propyl].3. 
isoxazolidinehexanoate (14). According to the procedure described for the synthesis of 13, treatment 

of isoxazolidine 11 (1.3 g, 2.3 retool) with TBAF (1.0 M in THF)(2.3 ml, 2.3 mmol) in THF (63 ml) gave 

the crude product. It was subjected to SCC (AcOEt/hexane 1 : 3 and AcOEt/hexane 1 : 1) to give 14 (721 

nag, 70%) as apale yellow oil. [~]D+ 47 (c 1.72, MeOH). IR (CHCI3) 3454 (OH) and 1731 (CO0) cm -1. 

|H NMR 8 (300 MHz) 7.38-7.21 (5H, m, ArH), 4.83 (2H, s, OCH20), 4.12 (1H, br q, J = 7.5 Hz, 5-H), 
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3.92 (2H, s, CH2Ph), 3.89-3.80 and 3.74-3.65 (each 2 H, m, OCH2CH20 ), 3.79 (1H, dqd, J=  9, 6.5, 3 

Hz, 2"-H), 3.66 (3H, s, CO2Me), 3.59 (1H, dd, J=  6.5, 3 Hz, I"-H), 3.38 (3H, s, OMe), 3.54 (1H, brd, J 

= 9 Hz, OH), 2.90 (1H, m, 3-H), 2.28 (2H, t, J = 7.5 Hz, 5'-H2), 2.24 (lH, dr, J = 12, 8 Hz, 4-H), 1.91 

(IH, ddd, J =  12, 7.5, 5 Hz, 4-H), 1.65-1.47 (4H, m, 1', 4'-H2), 1.42-1.21 (4H, m, 2', 3'-H2), 1.17 (3H, 

d, J =  6.5 Hz, 2"-Me). HRMS calcd for C24H39NO 7 (M+): 453.2725. Found: 453.2724. 

Methyl (2S, 3R, 4R, 6S) - (-)-4-hydroxy-3-[(2-methoxyethoxy)methoxy]-2-methyl-6- 

piperldinehexanoate (23). According to the procedure described for mesylation of 13, treatment of 

isoxazolidine 14 (307 nag, 0.68 mmol) with MsCI (156 rng, 1.36 mmol) in pyridine (4 ml) gave the crude 

product. It was subjected to SCC (AcOEt/hexane 1 : 1) to give rnesylate 17 (286 mg, 79%) as an oil; IH 

NMR 5 (300 MHz) 7.38-7.20 (5H, m, ArH), 4.89 and 4.82 (2H, ABq, J = 7 Hz, OCH20), 4.75 (1H, qd, J 

= 6.5, 4 Hz, 2"-H), 4.07 (1H, q, J = 5.5 Hz, 5-H), 3.94 and 3.83 (2H, ABq, J = 13.5 Hz, CH2Ph), 3.79 

(1H, dd, J=  5.5, 4 Hz, I"-H), 3.78-3.51 and 3.55-3.50 (each 2H, m, OCH2CH20), 3.67 (3H, s, CO2Me), 

3.38 (3H, s, OMe), 2.86 (1H, m, 3-H), 2.83 (3H, s, Ms), 2.34 (1H, brdt, J =  12, 7 Hz, 4-H), 2.29 (2H, t, 

J= 7.5 Hz, 5'-H2), 1.95 (1H, br ddd, J=  12, 7.5, 6Hz, 4-H), 1.68-1.52 (4H, m, 1', 4'-H2), 1.43 (3H, d, 

J = 6.5 Hz, 2"-Me), 1.42-1.23 (4H, m, 2', 3'-H2). According to the procedure described for the synthesis 

of 22, catalytic hydrogenation of mesylate 17 (286 rag, 0.54 mmol) in MeOH (22 ml) in the presence of 20% 

Pd(OH)2-C (170 nag) gave a mixture of amino alcohol 20 and piperidinol 23. The structure of 20 was 

characterized from 1H NMR spectrum of the crude product; 1H NMR 8 (300 MHz) 4.93 (1H, qd, J =  6.5, 4 

Hz, 1 l-H), 3.07 (3H, s, Ms), 1.46 (3H, d, J = 6.5 Hz, 11-Me). A solution of a mixture of 20 and 23 in 

MeOH (19 ml) and saturated NaHCO 3 solution (8 ml) was heated to reflux for 10 h. After evaporation of the 

solvent, the residue was diluted with CH2CI 2. The organic layer was washed, dried and concentrated and the 

residue was subjected to SCC (AcOEt/MeOH 19 : 1) to "afford 23 (141 rag, 78%) as an oil. [~]D - 46 (c 

0,89, MeOH). IR (CHCI 3) 3441 (OH) and 1731 (CO0) cm 1. 1H NMR 8 (500 MHz) 4.79 and 4.76 (2H, 

ABq, J = 7 Hz, OCH20), 3.80 and 3.69 (each 1H, m, OCH2CH20), 3.71 (1H, ddd, J = 11, 8.5, 5 Hz, 4- 

H), 3.63 (3H, s, CO2Me), 3.53 (2H, t, J = 4.5 Hz, OCH2CH20), 3.42-3.37 (2H, m, 2, 3-H), 3.36 (3H, s, 

OMe), 2.82 (1H, m, 6-H), 2.27 (2H, t, J = 7 Hz, 5'-H2), 2.03 (1H, ddd, J = 13, 5, 3 Hz, 5-Heq), 1.63- 

1.56 (4H, m, 1', 4'-H2), 1.36-1.26 (4H, m, 2', 3'-H2), 1.11 (3H, d, J = 7 Hz, 2-Me), 1.06 (1H, br dt, J = 

13, 11.5 Hz, 5-Hax). HRMS calcd for CI7H33NO 6 (M+): 347.2306. Found: 347.2314. 

Methyl [ 3R, 5S(S, R) ] ]- (-)-2-benzyl-5-[2-[ (tert.butyldimethylsilyl)oxy].l.[(2.methoxy. 
ethoxy)methoxy]propyl]-3-isoxazolidinehexanoate (12). According to the procedure described for 

protection of the hydroxyl group in 7, treatment of isoxazolidine 9 (444 mg, 0.93 mmol) with MEMO (700 

mg, 5.6 mmol) in the presence of (i-Pr)2NEt (2.4 g, 18.6 mmol) in CH2C12 (15 ml) gave the crude product. 

Itwas subjected to MCC (CHCI3/Et20 8 : 1) to afford 12 (346 mg, 66%) as a pale yellow oil. [~]D- 59 (c 

2.76, MeOH). IR (CHCI 3) 1732 (CO0) cm "1. IH NMR 8 (300 MHz) 7.33-7.15 (5H, m, ArH), 4.87 and 

4.80 (2H, ABq, J=  7 Hz, OCH20), 4.03 (1H, brq, J --- 6.5 Hz, 5-H), 3.87 and 3.79 (2H, ABq, J - 13.5 

Hz, CH2Ph), 3.89 (1H, qd, J = 6, 3.5 Hz, 2"-H), 3.79-3.62 (2H, m, OCH 2 CH20), 3.63 (3H, s, CO2Me), 

3.56 (1H, dd, J = 5, 3.5 Hz, I"-H), 3.52 (2H, t, J=  4.5 Hz, OCH2CH20), 3.36 (3H, s, OMe), 2.77 (1H, 

m, 3-H), 2.41 (1H, dt, J = 12, 7.5 Hz, 4-H), 2.24 (2H, t, J = 7.5 Hz, 5'-H2), 1.91 (1H, ddd, J = 12, 8, 6 

Hz, 4-H), 1.64-1.43 (4H, m, 1', 4'-H2), 1.38-1.16 (4H, m, 2', 3'-H2), 1.09 (3H, d, J = 6 Hz, 2"-Me), 
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0.83 (9H, s, tBu), 0.00 (6H, s, SiMe,2). HRMS calcd for C30H53NO7Si (M+): 567.3588. Found: 

567.3587. 

Methyl [ 3R, 5S ( S ,R  ) ] . ( - ) .  2.benzyl.  5-[ 2.hydroxy- l . [  ( 2.metho xyetho x y )metho xy ]propyi]. 3- 

isoxazolidinehexanoate (15). According to the procedure described for the synthesis of 13, treatment 

of isoxazolidine 12 (130 rag, 0.23 retool) with TBAF (1.0 M in THF) (0.35 ml, 0.35 mmol) in THF (6 ml) 

gave the crude product. It was subjected to SCC (AcOEt/hexane I : 3 and AcOEt/hexane 1 : 1) to give 15 

(86 nag, 82%) as a pale yellow oil. [a]D - 45 (c 1.46, MeOH). IR (CHCI3) 3461 (OH) and 1731 (COO) 

cm "1, 1HNMRS(300MHz)7.35-7.23(5H, m, AxH), 4.86 and 4.81 (2H, ABq, J = 7 H z ,  OCH20), 4.04 

(1H, br q, J = 6 Hz, 5-H), 3.92 (1H, m, 2"-H), 3.92 and 3.84 (2H, ABq, J =  13.5 Hz, CH2Ph), 3.85 and 

3.71 (each IH, m, OCH2CH20), 3.67 (3H, s, CO2Me), 3.62 (IH, dd, J =  5.5, 3 Hz, I"-H), 3.57 (2H, t, J =  

4.5 Hz, OCH2CH20), 3.39 (3H, s, OMe), 3.08 (1H, br s, OH), 2.83 (1H, m, 3-H), 2.39 (IH, dt, J =  12, 7 

Hz, 4-H), 2.28 (2H, t, J =  7.5 Hz, 5'-H2), 2.01 (1H, ddd, J=  12, 8, 6 Hz, 4-H), 1.65-1.51 (4H, m, 1', 4'- 

H2), 1.40-1.23 (4H, m, 2', 3'-H2), 1.16 (3H, d, J=  6.5 Hz, 2"-Me). HRMS calcd for C24H39NO 7 (M+): 

453.2725. Found: 453.2718. 

Methyl (2S, 3R, 4S, 6R)-(+)-4-hydroxy-3-[(2-methoxyethoxy)methoxy]-2.methyl-6- 
piperidinehexanoate (24). According to the procedure described for mesylation of 13, treatment of 

isoxazolidine 15 (167 rag, 0.37 retool) with MsC1 (85 rag, 0.74 mmol) in pyridine (2.2 ml) gave the crude 

product. It was subjected to SCC (AcOEt/hexane 1 : 1) to give mesylate 18 (187 g, 95%) as an oil; IH 

NMR 8 (300 MHz) 7.42-7.22 (5H, m, ArH), 4.96 (1H, qd, J = 6.5, 2.5 Hz, 2"-H), 4.90-4.81 (2H, m, 

OCH20), 4.05 (1H, brq, J= 6.5 Hz, 5-H), 3.94 and 3.84 (2H, ABq, J =  13.5 Hz, CH2Ph ), 3.87 (1H, dd, J 

= 6, 2.5 Hz, I"-H), 3,79-3.73 and 3.60-3.52 (each 2H, m, OCH2CH20), 3.66 (3H, s, CO2Me), 3.39 (3H, 

s, OMe), 2.99 (3H, s, Ms), 2.85 (1H, m, 3-H), 2.45 (1H, dt, J= 12, 7 Hz, 4-H), 2.28 (2H, t, J = 7.5 Hz, 

5'-H2), 2.05 (1H, dt, J= 12, 7.5 Hz, 4-H), 1.66-1.52 (4H, m, 1', 4'-H2), 1.39 (3H, d, J =  6.5 Hz, 2"-Me), 

1.40-1.22 (4H, m, 2', 3'-H2). According to the procedure described for the synthesis of 22, catalytic 

hydrogenation of mcsylate 18 (187 mg, 0.35 mmol) in MeOH (12 ml) in the presence of 20% Pd(OH)2-C (93 

mg) gave a mixture of amino alcohol 21 and piperidino124. The structure of 21 was characterized from IH 

NMR spectrum of the crude product; 1H NMR ~ (300 MHz) 4.93 (1H, qd, J = 6.5, 3 Hz, 1 l-H), 3.39 (3H, 

s, Ms), 1.46 (3H, d, J = 6.5 Hz, 11-Me). A solution of a mixture of 21 and 24 in MeOH (12 ml) and 

saturated NaHCO 3 solution (4.6 ml) was stirred at room temperature for 24 h. Work-up described for the 

synthesis of 22 gave24 (122 rag, 98%) as an oil. [~]D+7 (c 1.02, MeOH). IR (CHC13) 3443 (OH) and 

1732 (COO) cm -1. lH NMR ~ (500 MHz) 4.95 and 4.69 (2H, ABq, J = 7 Hz, OCH20), 3.94 and 3.69 

(each 1H, m, OCH2CH20 ), 3.67 (3H, s, CO2Me), 3.58-3.55 (2H, m, OCH2CH20), 3.53 (IH, ddd, J=  11, 

5 ,4Hz,  4-H),3.48(1H, brs ,  Wl/2 =5.5Hz, 3-H),3.39(3H, s, OMe),2.73(1H, qd, J=6.5,  1Hz, 2- 

H), 2.54 (IH, m, 6-H), 2.30 (2H, t, J = 7 . 5  Hz, 5'-H2), 1.76 (1H, brdt, J =  12, 3 Hz, 5-Heq), 1.68-1.28 

(8H, m, 1'--4'-H2), 1.23 (1H, brq, J = 1 2 H z ,  5-Hax), 1.12(3H, d, J = 6 . 5 H z ,  2-Me). HRMS (CI, 

isobutane) calcd for C17H33NO 6 +H(QM+): 348.2384. Found: 348.2373. 

Methyl (2S, 3S, 6R)-(+)-3-[(2-methoxyethoxy)methoxy]-2-methyl-6-piperidinehexanoate 
(25). Preparation from piperidinol 22: A solution of piperidinol 22 (125 rag, 0.36 mmol) and 
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thiocarbonyldiimidazole (128 rag, 0.72 retool) in THF (2 ml) was heated to reflux for 4 h, and the solvent was 

evaporated. IH NMR spectrum of the crude reaction mixture indicated that 22 was converted completely to 

the corresponding thioester; IHNMR 8(300MI-Iz) 5.82(IH, q , J = 3 H z ,  4-H). To a solution of Bu3SnH 

(314 rag, 1.08 mmol) in refluxing toluene (23 ml) was added dropwise slowly a solution of the crude product 

in toluene (6 ml) and the mixture was heated to reflux for 4 h. The solvent was evaporated and the residue 

was diluted with MeCN. The MeCN layer was extracted with bexane for removal of stannyl compound. 

The MeCN layer was concentrated and subjected to SCC (AcOEt/MeOH 9 : 1) to give 25 (97 nag, 82%) as an 

oil. [¢t] D + 18 (c 1.92, MeOH). IR (CHC13) 3420 (OH) and 1731 (COO) cm "1. IH NMR ~i (500 MHz) 

4.80 and 4.73 (2H, ABq, J=  7 Hz, OCH20), 3.81-3.68 and 3.57-3.53 (each 2H, m, OCH2CH20), 3.66 

(3H, s, CO2Me), 3.63 (1H, m, Wl/2 = 6Hz, 3-H), 3.39 (3H, s, OMe), 2.92 (1H, brq, J =  5.5 Hz, 2-H), 

2.68 (1H, m, 6-H), 2.08 (1H, brdq, J =  13.5, 4.5 Hz, 4-Heq), 1.67-1.59 (4H, m, 1', 4'-H2), 1.55 (IH, m, 

5-Heq), 1.51-1.39 (IH, m, 4-Hax, 5-Hax), 1.39-1.27 (4H, m, 2', 3'-H2), 1.24 (3H, d, J =  6.5 Hz, 2-Me). 

HRMS (CI, isobutane) calcd for CI7H33NO 5 +H (QM+): 332.2435. Found: 332.2406. 

Preparation from piperidinol 24: According to the procedure described above, treatment of piperidinol 24 

(60 rag, 0.17 retool) and thiocarbonyldiimidazole (61 mg, 0.34 mmol) in THF (1 ml) gave the crude thioester; 

1H NMR ~ (300 MHz) 5.63 (1H, ddd, J = 12, 4.5, 3 Hz, 4-H). To a solution of Bu3SnH (76 rag, 0.26 

retool) in refluxing toluene (13 nil) was added dropwise slowly a solution of the crude product in toluene (3 

nil) and the mixture was heated to reflux for 5 h. Work-up described above gave 25 (45 rag, 81%). IH 

NMR spectra and Rf value of 25 were identical with those of 2 5 prepared from 2 2. 

Methyl (2S ,3S ,6R) -3 .hydroxy .2 ,me thy l . 6 .p lpe r id lnehexanoa te  (26). To a solution of 25 (130 

rag, 0.39 mmol) in CH2C12 (1.4 nil) was added TiCI 4 (223 mg, 1.17 mmol) at 0 ~C and the mixture was 

stirred at the same temperature for 4 h. The reaction mixture was washed with saturated NaHCO 3 solution, 

and the organic layer was dried and concentrated and the residue was subjected to PTLC (CH2C12/MeOH/28% 

NH4OH 9 : 1 :0 .04) tog ive26  (95 mg, 81%)as anoil. IH NMRS(300MHz) 3.69(3H, s, CO2Me ), 3.61 

(1H, m, WI/2 = 6.5 Hz, 3-H), 2.84 (1H, qd, J =  6.5, 1.5 Hz, 2-H), 2.61 (1H, m, 6-H), 2.31 (2H, t, J= 7 

Hz, 5'-H2), 1.94 (IH, br dq, J =  10.5, 3 Hz, 4-Heq), 1.69-1.24 (11H, m, 4-Hax, 5-H2, 1"-4"-H2), 1.18 

(3H, d, J = 6.5 Hz, 2-Me). HRMS calcd for C13H25NO 3 (M+): 243.1833. Found: 243.1840. 

26.Hydrochloride; a powder, mp 160-161 °C {lit. 4 mp 164°C [(+)-methyl azimate-hydrochloride], lit. 12a mp 

153-155~C [(+)-methyl azimate.hydrochloride]}. IR (nujol) 3344 (OH) and 1732 (COO) cm -l. IH NMR 8 

(500 MHz, D20 ) 3.99 (1H, m, WI/2 = 6Hz, 3-H), 3.70(3H, s, CO2Me), 3.32 (1H, qd, J =  6.5, 1.5 Hz, 

2-H), 3.15 (IH, m, 6-H), 2.41 (2H, t, J = 7 . 5  Hz, 5'-H2), 1.99 (1H, dq, J =  14, 3 Hz, 4-Heq), 1.89 (IH, 

dq, J =  14, 3.5 Hz, 5-Heq), 1.77 (1H, tdd, J =  14, 4, 2.5 Hz, 4-Hax), 1.71-1.55 (5H, m, 5-Hax, l ' ,  4 '-  

H2), 1.49-1.31 (4H, m, 2', 3'-H2), 1.30 (3H, d, J = 6.5 Hz, 2-Me). HRMS calcd for CIaH25NO 3 (M + - 

HCI): 243.1833. Found: 243.1849. The IR and 1 H NMR spectra of 26.hydrochloride were found to be 

identical with those of methyl azimate-hydrochloride obtained from natural azimine 4 and synthetic racemate. 12a 

(+)-Azimic acid (1). A solution of 26 (4.7 nag, 0.02 retool) in 10% KOH-MeOH (0.1 rnl) was stirred at 

room temperature for 20 h. The reaction mixture was acidified to pH 6-7 with 1% HCI and concentrated. 

The residue was dissolved in MeOH and the insoluble material was fdtered off. The fdtrate was concentrated 

to give 1 in quantitative yield as a powder (MeOH), mp 217 °C (dec.). [~t] D + 7.4 (c 0.52, MeOH). [lit. 12b 
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mp 214-215 ~C. [o~] D + 8 (MeOH), lit. 12e mp 210-214 ~C (dec.), [ix] D + 7.9 (c 1.0, MeOH)]. IR (nujol) 

1649, 1555 (COO- and NH2 +) cm "i. IH NMR 8 (500 MHz, CD3OD ) 3.87 (1H, m, WI/2 = 7 Hz, 3-H), 

3.24 (IH, qd, J = 6.5, 1.5 Hz, 2-H), 3.05 (IH, m, 6-H), 2.21 (2H, t, J =  7 Hz, 5'-H2), 1.95 (IH, m, 4- 

Heq), 1.84-1.22 ( I lH,  In, 4-Hax, 5-H 2, 1'--4'-H2), 1.33 (3H, d, J =  6.5 Hz, 2-Me). HRMS calcd for 

C12H23NO3 (M+): 229.1677. Found: 229.1689. The IR and 1 H NMR spectra of 1 were found to be 

identical with those of synthetic azimic acid 1.12 

13-(Benzoy.loxy)tridecanol (27). To a solution of 1,13-tridecadio123 (4.04 g, 18.7 mmol) and Et3N 

(2.25g, 22 mmol) in CH2C12 (170 ml) was added dropwise a solution of benzoyl chloride (2.67 g, 19 retool) 

in CH2CI 2 (20 ml) at room temperature, and the mixture was stirred at the same temperature for 24 h. After 

evaporation of the solvent, the residue was diluted with Et20. The organic layer was washed, dried and 

concentrated. The residue was subjected to FCC (AcOEt/hexane 1 : 4) to gave 27 (3.23 g, 54%) as crystals, 

mp 40-41 ~C (hexane). IR (CHCI3) 3628 (OH) and 1713(COO) cm "1. IH NMR 8 (200 MHz) 8.05 (2H, 

br d, J=  7 Hz, ArH), 7.55 (1H, br t, J = 7 Hz, ArH), 7.44 (2H, br t, J =  7 Hz, ArH), 4.32 (2H, t, J= 6.5 

Hz, CH2OCO), 3.64 (2H, t, J = 6.5 Hz, CH2OH), 1.76 (2H, br quint., J = 6.5 Hz, CH2CH2OCO), 1.56 

(2H, br quint., J = 6.5 Hz, CH2CH2OH), 1.43-1.27 (19H, m, OH and (CH2)9). HRMS calcd for 

C20H3203 (M+): 320.2350. Found: 320.2330. 

(Z)-N-[13-(Benzoyioxy)tridecanylidene]benzylamine N.oxide  (29). To a suspension of PCC 

(7.91g, 36.7 retool) and AcONa (5.47 g, 66.7 rnmol) in CH2C12 (300 ml) was added dropwise a solution of 

alcohol 27 (5.35 g, 16.7 retool) in CH2C12 (100 rnl) at room temperature, and the mixture was stirred at the 

same temperature for 2 h. After evaporation of the solvent, the residue was suspended with Et20 and filtered 

through Celite. The filtrate was concentrated to give unstable aldehyde 28; 1H NMR 8 (200 MHz) 9.78 ( IH, 

t, J = 2 Hz, CHO), 4.32 (2H, t, J = 7 Hz, CH2OCO), 2.40 (2H, td, J = 6, 2 Hz, CH2CHO ). To a stirred 

mixture of the crude aldehyde 28 (4.99 g, 15.7 retool) and molecular sieves 4/~ (8.8 g) in toluene (90 ml) was 

added N-benzylhydroxylamine II (1.93 g, 15.7 retool). After stirring at room temperature for 2 h, molecular 

sieves were filtered off. The filtrate was concentrated to give nitrone 29 (3.41 g, 48%) as crystals, mp 87- 

88.5 ~C (Et20). IR(CHCI3) 1713(COO) and 1602(C=N) cm "1. IH NMR 8 (200 MHz) 8.04 (2H, br d, J = 

7 Hz, ArH), 7.59-7.39 (8H, m, ArH), 6.63 (IH, t, J =  6 Hz, CH=N), 4.89 (2H, s, CH2Ph ), 4.32 (2H, J = 

7 Hz, CH2OCO ), 2.48 (2H, br q, J = 6 Hz, CH2CH=N), 1.76 (2H, br quint., J = 7 Hz, CH2CH2OCO ), 

1.47-1.25 (18H, m, (CH2)9). HRMS calcd for C27H37NO 3 (M+): 423.2771. Found: 423.2788. 

Cycloaddition of nitrone 29 to olefin (+)-6. A solution of nitrone 29 (3.5 g, 8 retool) and olefm 

(+)-6[[O~]D 4- 28 (c 2.0, MeOH)] (1.4 g, 6.38 retool) in toluene (170 ml) was heated to reflux for 48 h. The 

solvent was evaporated and the residue was subjected to FCC and MCC (AeOEt/hexane 1 : 8) to give adducts 

30 (0.8 g, 19%), 31 (1.3 g, 31%) and 32 (0.3 g, 7%). [3S,5S (R,S) ] - (+) -3 - [12- (Benzoyloxy) -  

dodecanyl)] -2-benzyl-a-  [ 1 - [ (tert-butyldimethylsilyl)oxy]ethyi] -5-isoxazolidinemethanoi 

(30); a pale yellow oil. [ ~ ] D + 5 6 ( c  1.15, MeOH). IR(CHC13) 1713 (COO) cm -1. IH NMRfi (300 

MHz) 8.08 (2H, br d, J =  8 Hz, ArH), 7.59 (1H, br t, J =  8 Hz, ArH), 7.45 (2H, hr t, J =  8 Hz, ArH), 7.40- 

7.21 (5H, m, ArH), 4.43 (IH, m, 5-H), 4.34 (2H, hr t, J =  6Hz, CH2OCO ), 4.05 and 3.71 (2H, ABq, J = 

12 Hz, CH2Ph), 3.67 (1H, br s, OH), 3.58 (1H, m, 2"-H), 3.10 (1H, m, I"-H), 2.77 (1H, m, 3-H), 2.58 
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(IH, dt, J = 10, 7 Hz, 4-H), 2.08 (1H, ddd, J = 10, 7, 4 Hz, 4-H), 1.79 (2H, br quint., J = 6 Hz, 

CH2CH2OCO), 1.66-1.24 (20H, m, (CH2)10), 1.20 (3H, d, J =  6 Hz, 2"-Me), 0.87 (9H, s, tBu), 0.00 (6H, 

s, SiMe2). HRMS calcd forC38H61NOsSi(M÷): 639.4316. Found: 639.4311. [3R,5S(R,S)]- ( - ) -3-  

[ 12- (Benzoy loxy)dodecany i ]  -2-benzyi-~- [ 1 - [ (tert.butyldimethyisilyi)oxy] ethyl]  -5- 

isoxazol idinemethanol  (31); a pale yellow oil. lot] D - 30 (c 1.7, MeOH). IR (CHCI3) 1715 (COO) 

cm -1. IHNMRS(300MHz)  8.05(2H, brd, J = 8 H z ,  ArH),7.55(1H, brt, J = 8 H z ,  ArH),7.42(2H, br 

t, J =  8 Hz, ArH), 7.40--7.20 (5H, m, ArH), 4.31 (2H, br t, J =  6 Hz, CH2OCO), 4.25 (IH, m, 5-H), 4.01 

and 3.82 (2H, ABq, J =  13.5 Hz, CH2Ph), 3.62 (1H, m, 2"-H), 3.21 (IH, brtd, J =  7, 4Hz,  I"-H), 2.78 

(1H, m, 3-H), 2.32 (1H, dt, J =  12, 7 Hz, 4-H), 2.13 (1H, br s, OH), 2.07 (IH, m, 4-H), 1.76 (2H, br 

quint., J =  6 Hz, CH2CH2OCO), 1.65-1.20 (20H, m, (CH2)¿0), 1.19 (3H, d, J =  6 Hz, 2"-Me), 0.87 (9H, 

s, tBu), 0.00 (6H, s, SiMe2). HRMS calcd for C38H61NOsSi (M+): 639.4316. Found: 639.4322. 

[3S, 5S(R•S)]-(+)-3-[ •2-(Benz•y••xy)d•decany•]-2-benzy•-••-[ •-[ (tert-buty•dimethy•si•y•)- 

oxy]e thyl ] -5- i soxazol id inemethanol  (32); a pale yellow oil. [~]D + 32 (c 2.75, MeOH). IR 

(CHC13) 1715 (COO) cm -1. IH NMR 5 (300 MHz) 8.00 (2H, br d, J = 8 Hz, ArH), 7.48 (1H, br t, J = 8 

Hz, ArH), 7.38 (2H, br t, J = 8 Hz, ArH), 7.32-7.18 (5H, m, ArH), 4.25 (2H, br t, J = 6 Hz, CH2OCO), 

4.00 (IH, m, 5-H), 3.92-3.70 (3H, m, 2"-H, CH2Ph ), 3.49 (1H, brt, J = 5 . 5  Hz, I"-H), 2.77 (1H, m, 3- 

H), 2.34 (1H, dt, J = 12, 7 Hz, 4-H), 2.22 (1H, br s, OH), 1.95 (1H, br dt, J =  12, 7 Hz, 4-H), 1.70 (2H, 

br quint., J =  6 Hz, CH2CH2OCO), 1.60-1.10 (20H, m, (CH2)I0), 1,06 (3H, d, J =  6 Hz, 2"-Me), 0.82 

(9H, s, tBu), 0.00 (6H, s, SiMe2). HRMS calcd for C38H61NOsSi 0VI+): 639.4316. Found: 639.4308. 

[ 3R •5S(R•S)]-(-)-3-[ •2•(Benz•yl•xy)d•decanyl]-2-benzyl-5-[2-[ (tert-butyldimethylsilyl)• 
oxy]-l-[(methoxymethoxy)propyl]]isoxazolidine (33). A solution of isoxazolidine 31 (727 rag, 

1.14 mmol), MOMCI (275 rag, 3.4 retool) and (i-Pr)2NEt (1.8 g, 14 mmol) in CH2C12 (7 ml) was heated to 

reflux for 10 h. Then after another MOMC1 (275 rag, 3.4 retool) and (i-Pr)2NEt (1.8 g, 14 retool) were 

added and the mixture was heated to reflux for a further 20h. The reaction mixture was diluted with CH2CI 2, 

and then washed subsequently with 15% acetic acid, saturated NaHCO 3 solution and brine, and the organic 

layer was dried and concentrated. The residue was subjected to FCC (AcOEt/hexane 1 : 8) to give 33 (648 

rag, 82%) as apale yellow oil. [c~] o - 34 (c 2.35, MeOH). IR (CHCI3) 1715 (CO0) cm -1. IH NMR 

(300 MHz) 8.03 (2H, br d, J =  8 Hz, ArH), 7.52 (1H, br t, J =  8 Hz, ArH), 7.42 (2H, brt, J =  8 Hz, ArH), 

7.38-7.20 (5H, m, ArH), 4.79 and 4.74 (2H, ABq, J =  7 Hz, OCH20), 4.30 (2H, t, J = 7 Hz, CH2OCO), 

4.05 (1H, m, 5-H), 3.93 and 3.86 (2H, ABq, J =  13.5 Hz, CH2Ph), 3.83 (1H, m, 2"-H), 3.45 (1H, brdd, J 

= 6, 4 Hz, I"-H), 3.35 (3H, s, OMe), 2.81 (IH, m, 3-H), 2.21 (1H, br dt, J =  12, 8 Hz, 4-H), 1.90 (1H, m, 

4-H), 1.74 (2H, br quint., J = 7 Hz, CH2CH2OCO), 1.60--1.20 (20H, m, (CH2)10), 1.14 (3H, d, J = 6 Hz, 

2"-Me), 0.87 (9H, s, tBu), 0.00 (6H, s, SiMe2). HRMS calcd for C40H65NO6Si (M+): 683.4578. Found: 

683.4575. 

[3R, 5S(R,S)]-3-[12-(Benzoyloxy)dodecanyl]-2.benzyl ,~.(methoxymethoxy) .~.methyl .5 .  

isoxazolidineethanol (34). According to the procedure described for the synthesis of 13, treatment of 

isoxazolidine 33 (1.02 g, 1.5 mmol) with TBAF (1.0 Min THF)(I.6 ml, 1.6 retool) in THF (41 ml) gave the 

crude product which was subjected to SCC (AcOEt/hexane 1 : 3 and AcOEt/hexane 2 : 3) to give 34 (604 rag, 

71%) as a pale yellow oil. IR (CHCI3) 1713 (COO) cm "1. IH NMR ~ (300 MHz) 8.08 (2H, br d, J = 8 
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Hz, baH), 7.57 (IH, br t, J = 8 Hz, ArH), 7.45 (2H, br t, J = 8 Hz, ArH), 7.43-7.20 (5H, m, ArH), 4.76 

and 4.73 (2H, ABq, J = 8 Hz, OCH20), 4.32 (2H, br t, J = 6 Hz, CH2OCO ), 4.18 (1H br q, J = 9 Hz, 5-H), 

3.98 and 3.88 (2H, ABq, J =  13 Hz, CH2Ph), 3.85 (1H, m, 2"-H), 3.50 (IH, brdd,  J =  8, 5 Hz, 1"- H), 

3.42 (3H, s, OMe), 3.08 (1H, br s, OH), 2.88 (IH, m, 3-H), 2.27 (1H, dt, J = 12, 7 Hz, 4-H), 1.95 (1H, 

m, 4-H), 1.80-1.20 (22H, m, (CH2)ll), 1.19 (3H, d, J = 6 Hz, 2"-Me). HRMS calcd for C34H51NO6Si 

(M÷): 569.3714. Found: 569.3724. 

(2R, 3S, 4S, 6R)-(+)-6-[  1 2 - ( B e n z o y l o x y ) d o d e c a n y l ] - 3 . ( m e t h o x y m e t h o x y ) , 2 - m e t h y l - 4 -  

p ipe r id ino l  (36).  According to the procedure described for mesylation of 13, treatment of isoxazolidine 

34 (192 rag, 0.34 retool) with C1CH2SO2C1 (284 rag, 0.5 retool) in pyridine (2 ml) at 0 °C for 2h gave 

quaternary salt 35; IH NMR 5 (200 MHz) 5.78 and 4.66 (2H, ABq, J = 14.5 Hz, CH2Ph), 4.60 and 4.54 

(2H, ABq, J = 8Hz, OCH20), 4.32(2H, br t, J = 7 Hz, CH2OCO), 4.18 (1H, br q, J =  9 Hz, 5-H), 4.38 

(2H, s, SCH2C1), 3.35 (3H, s, OMe), 1.67 (3H, d, J = 7 Hz, 2"-Me). A solution of crude quaternary salt 

35 in MeOH (8 ml) was catalytically hydrogenated over 20% Pd(OH)2-C (100 rag) under a hydrogen 

atmosphere at room temperature. After 10 h, another 20% Pd(OH) 2-C (100 rag) was carefully added and the 

mixture was stirred for a further 5 h. Then the catalyst was filtered off and the filtrate was concentrated. The 

residue was made alkaline with 1M NaOH solution under ice-cooling and the whole was extracted with 

CH2CI 2. The extract was washed with brine, dried and evaporated and the residue was subjected to SCC 

(AcOEt and MeOH/AcOEt 5 : 95) to afford piperidine 36 (122 rag, 77%) as an oil. [oq D + 6 (c 1.32, 

MeOH). IR (CHCI3) 1713 (COO) cm 1. 1H NMR 5 (300 MHz) 8.04 (2H, br d, J = 8 Hz, ArH), 7.54 

(1H, br t, J = 8 Hz, ArH), 7.45 (2H, br t, J = 8 Hz, ArH), 4.73 (2H, s, OCH20), 4.31 (2H, t, J = 6 Hz, 

CH2OCO), 3.75 (1H, ddd, J = 11, 9, 5 Hz, 4-H), 3.50-3.35 (2H, m, 5, 6-H), 3.43 (3H, s, OMe), 2.85 

(1H, m, 6-H), 2.06 (1H, ddd, J = 13, 5, 3 Hz, 3-Heq), 1.76 (2H, quint., CH2CH2OCOAr), 1.50-1.20 

(20H, m, (CH2)I0), 1.16 (3H, d, J = 7 Hz, 2-Me), 1.10 (1H, q, J = 12 Hz, 3-Hax). HRMS calcd for 

C27H45NO5 (M+):463.3295. Found: 463.3287. 

(2R,3R,6R).6-[12-(Benzoyloxy)dodecanyl]-3-(methoxymethoxy)-2-methylpiperidine (37). 
According to the procedure described for thiocarbonylation of 22, a solution of piperidino136 (161 mg, 0.35 

retool) and thiocarbonyldiimidazole (123 rag, 0.7 retool) in THF (2 ml) was heated at 60°C for 4 h. IH NMR 

spectrum of the crude product indicated that 36 was converted completely to the corresponding thioester; 1H 

NMR 8 (300 MHz) 5.75 (1H, br td, J = 10, 7 Hz, 4-H). To a solution of Bu3SnH (304 rag, 1.04 retool) in 

refluxing toluene (19 ml) was added dropwise slowly a solution of the crude product in toluene (10 ml) and the 

mixture was heated to reflux for 5 h. Work-up described for the synthesis of 25 gave 37 (115 rag, 74%) 

after SCC (MeOH/CH2CI 2 5 : 95) as an oil. IR (CHCI3) 1713 (COO) cm 1. IH NMR ~ (300 MHz) 8.04 

(2H, br d, J = 8 Hz, ArH), 7.57 (IH, br t, J = 8 Hz, ArH), 7.45 (2H, br t, J = 8 Hz, ArH), 4.70 and 4.64 

(2H, ABq, J =  8Hz, OCH20), 4.32 (2H, t, J =  6Hz, CH2OCO), 3.69 (1H, br dt, J =9 ,  4Hz, 3-H), 3.37 

(3H, s, OMe), 3.29 (1H, m, 2-H), 2.81 (1H, m, 6-H), 2.20-1.20 (27H, NH, 4-H 2, 5-H 2, (CH2)ll), 1.18 

(3H, d, J = 7 Hz, 2-Me). HRMS calcd for C27H45NO 4 (M+): 447.3334. Found: 447.3346. 

( + ) - J u l i f l o r i d i n e  (2). A solution of piperidine 37 (50 rag, 0.11 mmol) in MeOH (3 ml) and 10% KOH 

solution (0.5 ml) was stirred at room temperature for 2 h. The solvent was evaporated and the residue was 
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diluted with CH2C12. The organic layer was washed, dried and concentrated to give a crude product. IH 

NMR spectrum of the crude product indicated that 37 was converted completely to the corresponding alcohol; 

IH NMR 8 (300 MHz) 4.69 and 4.63 (2H, ABq, J =  8 Hz, OCH20), 3.67 (IH, m, 3-H), 3.62 (2H, t, J =  6 

Hz, CH2OCO), 3.36 (3H, s, OMe), 3.25 (1H, m, 2-H), 2.75 (IH, m, 6-H), 1.12 (3H, d, J =  7Hz, 2-Me). 

To a solution of this crude product in MeOH (2 ml) was added conc. HC1 (0.2 ml), and the mixture was stirred 

at room temperature for 2 h. After evaporation of the solvent, the residue was dissolved in H20 and made 

alkaline with 10% NaOH solution under ice-cooling and the whole was extracted with CH2CI 2. The extract 

was dried and evaporated to give (+)-julifloridine (2) (22 rag, 66%) as crystals (Et20/AcOEt), mp 85-87.5 ~ .  

[Ct]D + 18 (c 0.84, MeOH). (lit.6 mp 82-83 ~C) 1H NMR 8 (300 MHz) 3.69 (1H, br dt, J =  8.5, 3.5 Hz, 3- 

H), 3.64 (2H, t, J = 7 Hz, CH2OH), 3.14 (1H, qd, J =  6.5, 3 Hz, 2-H), 2.85 (1H, m, 6-H), 2.00-1.10 

(26H, m, 4-H 2, 5-H 2, (CH2) 11), 1.11 (3H, d, J = 6.5 Hz, 2-Me). 13C NMR ~i (75 MHz) 69.04, 63.04, 

50.03, 49.74, 32.81, 32.73, 29.64-29.39, 27.57, 26.59, 25.72, 15.72. HRMS calcd for CI8H37NO 2 

(M+): 299.2823. Found: 299.2808. The IR 1 H, and 13C NMR spectra of 2 were found to be identical 

with those of natural julifloridine 2.6 

(2R,3R,6R)-(-)-6-(12-Hydroxydodecanyl)-l,2-dimethyl-3-piperidinol (3) (N-Methyl 
julifioridine). To a solution of 2 (22 mg, 0.74 mmol) and formalin (37%) (0.05 ml) in MeCN (0.3 ml) 

were added NaCNBH 3 (11 mg) and acetic acid (0.006 ml) at room temperature. After stirring at the same 

temperature for 2 h, the reaction mixture was concentrated and the residue was diluted with Et20. The 

organic layer was washed with saturated NaHCO 3 solution, dried and concentrated. The residue was 

subjected to PTLC (CH2CI2/MeOH/NH4OH 9 : 1 : 0.04) to afford N-methyl derivative 3 (18 mg, 78%) as 

crystals. [t~] D - 20 (c 0.6, CHCI3). 1H NMR 6 (300 MHz) 3.73 (1 H, br dt, J = 7, 3 Hz, 3-H), 3.63 (2H, 

t, J =  7 Hz, CH2OH), 2.92 (IH, br qd, J =  7, 3 Hz, 2-H), 2.59 (1H, m, 6-H), 2.35 (3H, s, NMe), 1.98- 

1. l0 (26H, m, 4-H 2, 5-H 2, (CH2)ll), 1.07 (3H, d, J = 7 Hz, 2-Me). 13C NMR 6 (75 MHz) 69.23, 62.99, 

58.15, 57.88, 39.33, 32.80, 29.88-29.42, 26.95, 26.68, 25.75, 11.10. HRMS calcd for CI9H39NO 2 

(M+): 313.2979. Found: 313.2961. 

ACKNOWLEDGMENTS 

We thank Professor S. Hanessian, University of Montreal (Canada) and Professor V. U. Ahmad, University 

of Karachi (Pakistan), for sending us the spectral data of azirnic acid and julifloridine. This work was 

supported in part by a Grant-in-Aid for Scientific Research (C) (No. 09672293) from the Ministry of 

Education, Science, Sports and Culture, Japan and the Science Research Promotion Fund of the Japan Private 

School Promotion Foundation. 



T. Kiguchi et al. / Tetrahedron 54 (1998) 15589-15606 15605 

REFERENCES 

1. 

2. 

3. 

4, 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

Preliminary communication: Kiguchi, T.; Shirakawa, M.; Ninomiya, I.; Naito, T. Chem. Pharm. 

Bull. 1996, 44, 1282-1284. 

Strunz, G. M.; Findlay, J. A. In The Alkaloids; Brossi, A,, Ed.; Academic Press: New York 1985, 

Vol. 26, pp. 89-183. 

For recent examples of chiral synthesis of 2,6-disubstituted 3-piperidinol, see: a) Momose, T.; 

Toyooka, N.; Jin, M. J. Chem. Soc., Perkin Trans. 1 1997, 2005-2013. b) Oetting, J.; 

Holzkamp, J.; Meyer, H. H.; Pahl, A. Tetrahedron;Asymmetry 1997, 8, 477-484. c) Agami, C.; 

Couty. F.; Lam, H.; Mathieu, H. Tetrahedron 1998, 54, 8783-8796. 

Smalberger, T. M.; Rail, G. J. H.; De Waal, H. L. Tetrahedron 1968, 24, 6417-6421. 

Coke, J. L.; Rice, W. Y. Jr. J. Org. Chem. 1965, 30, 3420-3422. 

Ahmad, V. U.; Usmanghani, K.; Najmus-Saqib, Q. Sci. Pharm. 197 9, 47, 330-334; Ahmad, V. 

U.; Basha, A.; Haque, W. Z. Naturforsch., B: Anorg. Chem., Org. Chem. 1978, 33B, 347-348; 

Ahmad, V.U.; Qazi, S. z .  Naturforsch., B: Anorg. Chem., Org. Chem. 1983, 38B, 660. 

Ahmad, V. U.;Sultana, A. Sci. Pharm. 1990, 58, 409-411. 

Paterne, M.; Brown, E. C. R. Seances Acad. Sci., Ser. 2 1983, 296, 433-434. 

For recent reviews, see: Tufariello, J. J. In l~3-Dipolar Cycloaddition Chemistry; Padwa, A., Ed.; 

John Wiley & Sons: New York 1988, Vol. 2, pp. 83-168; Confalone, P. N.; Huie, E. M. In 

Organic Reactions, Kende, A. S. Ed.; John Wiley & Sons: New York 1988, Vol. 36, pp. 3-173; 

Breuer, E. Nitrones, Nitronates and Nitroxides. In The Chemistry of Functional Groups; Patai, S.; 

Rappoport, Z., Eds.; Wiley & Sons: New York 1989, pp. 139-312; Frederickson, M. 

Tetrahedron 1997, 53, 403-425. 

Naito, T.; Ikai, M.; Shirakawa, M.; Fujimoto, K.; Ninomiya, I.; Kiguchi, T. J. Chem. Soc., Perkin 

Tram. 1 1994, 773-775; Kiguchi, T.; lkai, M.; Shirakawa, M.; Fujimoto, K.; Ninomiya, I.; Naito, 

T. J. Chem. Soc., Perkin Trans. 1 1998, 893-899. 

Naito, T.; Shirakawa, M.; Ikai, M.; Ninomiya, I.; Kiguchi, T. Recl. Trav. Chim. Pays-Bas 1996, 

115, 13-19. 

a) Brown, E.; Dhal, R. J. Chem. Soc., Perkin Trans. 1 1976, 2190-2193; b) Hanessian, S.; 

Frenette, R. Tetrahedron Lett. 1979, 3391-3394; c) Natsume, M.; Ogawa, M. Heterocycles 1989, 

14, 169-173; d) Hasseberg, H. -A.; Gerlach, H. Liebigs Ann. Chem. 1989, 255-261; e) Lu, Z. - 

H.; Zhou, W. -S. Tetrahedron 1993, 49, 4659-4664. 

a) Ford, M. J.; Knight, J. G.; Ley, S. V.; Vile, S. Synlett 1990, 331-332. b) Ley, S. V.; 

Armstrong, A.; Diez-Martin, D.; Ford, M. J.; Grice, P.; Knight, J. G.; Kolb, H. C.; Madin, A.; 

Marby, C. A.; Mukherjee, S.; Shaw, A. N.; Slawin, A. M. Z.; Vile, S.; White, A. D.; Williams, D. 

J.; Woods, M. J. Chem. Soc., Perkin Trans. 1 1991, 667-692. 

Ballini, R.; Marcantoni, E.; Petrini, M. Synth. Commun. 1991, 21, 1075-1081. 

Borch, R. F.; Bernstein, M. D.; Durst, H. D. J. Am. Chem. Soc. 1971, 93, 2897-2904. 

Oppolzer, W.; Siles, S.; Snowden, R. L.; Bakker, B. H.; Petrzilka, M. Tetrahedron 1985, 41, 

3497-3509. 

Aurich, H. G.; Franzke, M.; Kesselheim, H. P. Tetrahedron 1992, 48, 663-668. 



15606 T. Kiguchi et al. / Tetrahedron 54 (1998) 15589-15606 

18. 

19. 

20. 

21. 

22. 

23 

24. 

25. 

Iio, H.; Mizobuchi, T.; Tsukamoto, M.; Tokoroyama, T. Tetrahedron Lett. 1986, 27, 6373-6376. 

Kanemasa, S.; Tsuruoka, T.; Wada, E. Tetrahedron Len. 1993, 34, 87-90; Kanemasa, S.; 

Tsuruoka, T. Chem. Lett. 1995, 49-50. 

Kanemasa, S.; Nishiuchi, M.; Kamimura, A.; Hori, K. J. Am. Chem. Soc. 1994, 116, 2324- 

2339; Shimazaki, M.; Okazaki, F.; Nakajima, F.; Ishikawa, T.; Ohta, A. Heterocycles 1993, 36, 

1823-1836; Houk, K. N.; Moses, S. R.; Wu, Y. -D.; Rondan, N. G.; J~iger, V.; Schohe, R.; 

Fronczek, F. R. J. Am. Chem. Soc. 1984, 106, 3880-3882. 

Miiller, A.; Takyar, D. K.; Witt, S.; KOnig, W. A. Liebigs Ann. Chem. 1993, 651-655. 

Barton, D. H. R.; McCombie, S. W. J. Chem. Soc., Perkin Trans. 1 1975, 1574-1585; 

Rasmussen J. R.; Slinger, C. J.; Kordish, R. J.; Newman-Evans, D. D. J. Org. Chem. 1981, 46, 

4843-4846. 

Mori, K.; Nishio, H. Liebigs Ann. Chem. 1991, 253-257. 

Shimizu, T.; Hiramura, S.; Nakata, T. Tetrahedron Lett. 1996, 37, 6145-6148. 

The same conclusion was appeared; Toyooka, N.; Yoshida, Y.; Momose, T. Abstracts of Papers 2, 

The 115th Annual Meeting of Pharmaceutical Society of Japan, Sendai, March, 1995, p. 74. 


