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Abstract

A diastereospecific intramolecular Mannich-type reaction, involving enantiopure amine 4 and achiral
aldehydes, is employed as the key step of an efficient total enantioselective synthesis of five piperidine
alkaloids. © 2000 Elsevier Science Ltd. All rights reserved.

1. Introduction

Due to the wide diversity of potent biological activities associated with piperidine-containing
alkaloids and synthetic analogs, the enantioselective preparation of such compounds is the object
of considerable efforts.!

Among the numerous naturally occurring piperidines, simple 2-methyl-6-alkylpiperidines con-
stitute an important class of alkaloids. Representative examples are dihydropinidine 1, a defense
alkaloid of the Mexican bean beetle Epilachna varivestis (Coccinellidae)? and solenopsins 2-3,
venom alkaloids of fire ants.? Ants of the genus Solenopsis (Myrmicinae) secrete a venom char-
acterized by a predominance of (2R,6R)-trans and (2R,6S)-cis-2-methyl-6-alkylpiperidines named,3?
respectively, solenopsins 2 and isosolenopsins 3 (Fig. 1). It has been shown that both 2 and 3
alkaloids were responsible for the pronounced hemolytic, necrotoxic, phytotoxic, antibiotic,
insecticidal and antifungal activities of the fire ants’ venom.34

Moreover, these piperidine alkaloids exhibit physiological activities: solenopsin A 2b and iso-
solenopsin A 3b were found to block the neuromuscular transmissions while isosolenopsin C
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2d n = 14, solenopsin C 3d n = 14, isosolenopsin C
Figure 1.

3d, at low concentration, reduces the mitochondrial respiration and uncouples® oxidative phos-
phorylation through the inhibition of Na* and K+ ATPases.>*>¢ Probably considered as target-
molecules for the validation of different enantioselective routes to 2,6-cis- and 2,6-trans-disubstituted
piperidine skeletons, dihydropinidine* 1 and solenopsins (particularly A 2b and B 2¢) have been
the object of considerable synthetic efforts.* In contrast, enantioselective preparation of iso-
solenopsins 3 remains poorly developed. Effectively, although three asymmetric syntheses of
isosolenopsin A 3b have been described?*>¢ (in two cases,>> 3b was isolated as the minor
diastereomer together with 2b), to our knowledge, isosolenopsins 3a, 3¢, and 3d have never been
prepared in an optically active form.

Part of our research interest concerns the enantioselective construction of polysubstituted
piperidines. In this field we have recently described an efficient enantioselective access to 2,6-di-
substituted piperidines.” As our approach, involving various aldehydes and homochiral amine
(+)- or (-)-4 in a Mannich-type reaction, furnished the 2,6-cis-isomer quasi exclusively (Scheme 1),
it seemed particularly suitable for the enantioselective synthesis of alkaloids such as 1 and 3, on
which we focused our attention.

H
RN R., N_,
-TSA
H,N v o~ "o
QR de > 95%
Scheme 1.

2. Results and discussion

The limitation of our strategy, associated with the length of previous® enantioselective prep-
aration of amines (+)- and (-)-4 (seven steps, 13.5% overall yield) has been solved since we could
propose new approaches. These compounds are now prepared on a multigram scale, using either
a new and efficient chemoenzymatic pathway® (five steps from 2,4-pentanedione, 37-44% overall
yield) or by resolution of (x)-4 with tartaric acid!® (four steps from pentenone, 33% yield), as
summerized in Scheme 2.

Thus, reaction of crotonaldehyde with amine (-)-4 in dichloromethane at reflux, in the presence
of magnesium sulphate, gave quantitatively in 5 h (TLC monitoring) the corresponding imine
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(Scheme 3). This unstable compound was directly treated with 1.2 equivalents of dry para-toluene-
sulphonic acid at 70°C in toluene for 12 h to yield, as expected,’ 2,6-cis-disubstituted piperidine
(+)-5 as sole diastereomer (79%, de >95%, the 2,6-trans-isomer was not detected from NMR
spectra).

" SN R
Wo () <p- Q
H CHoCly, A 0" o Tol, 70°C
ze 79% U
(+)-5

(CH2SH), . 1 - Raney Ni
BFsELO PN\ EtOH. A HHCI
N, "
CH,Cl, 2 - HC, Et,0 O
97% § S 95%
(+)-6 (+)-1.HCI
Scheme 3.

Subsequent treatment of piperidine (+)-5 with an excess of ethanedithiol in dichloromethane in
the presence of BF5-Et,O afforded quantitatively the dithiolane derivative (+)-6. Hydrogenolysis
of (+)-6 was completely and cleanly achieved in 30 min in the presence of freshly prepared W,
Raney-nickel!! in refluxing ethanol and furnished dihydropinidine (+)-1, which was isolated and
characterized as its hydrochloride (95% from (+)-6).

The specific rotation of our synthetic (+)-dihydropinidine hydrochloride 1-HCI ([oz]%)5 =+14.1, ¢
0.98 in ethanol) was in fair agreement with those reported (lit.# [a]lz)5 =11.6 to 14.2 in EtOH). As
both enantiomers of amine 4 are readily available, we could prepare enantiomeric (-)-dihydro-
pinidine hydrochloride 1-HCI ([oz]lz)5 =-14.2, ¢ 0.45 in ethanol) in three steps from amine (+)-4
using the same pathway (lit.* [oz]é5 =-9.1 to —-12.7 in EtOH).

These results show that no racemization occurred during this sequence. Since, to our knowledge,
specific rotations of compounds 3a, ¢, and d have never been reported, we decided to apply this
sequence to the first total enantioselective synthesis of these alkaloids (Scheme 4).
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Scheme 4.

Commercially available aldehydes 7 involved in the cyclization step with amine (-)-4 gave
(+)-2,6-cis-dialkylpiperidines 8, exclusively (2,6-trans-isomers were not detected from NMR
spectra), in 70-90% yield. Finally, treatment of piperidines (+)-8 with ethanedithiol followed by
hydrogenolysis, as described above, led to dithioderivatives (+)-9 (92-97%) then to natural (+)-
(2R,65)-isomers of isosolenopsins 3 (93-95%).

The specific rotation of (+)-isosolenopsin A hydrochloride 3b-HCI ([oz]f)5 =+10.0, ¢ 1.17 in
CHCl3) was in good agreement with the literature data (lit.# [o]5 =+10.1 to 10.6 in CHCl5).

3. Conclusion

We have described herein a simple and competitive preparation of both enantiomers of dihydro-
pinidine 1 together with the first asymmetric synthesis of natural isomers of three isosolenopsins.
All these compounds were prepared in seven or eight steps from pentenone or pentanedione,
respectively. Extension of this strategy to the stereoselective synthesis of highly substituted
piperidinic systems from differently and more substituted chiral amines is in progress and will be
published in due course.

4. Experimental

Melting points are uncorrected. 'H and '*C NMR spectra were measured at 400.13 and 100.61
MHz, respectively; chemical shifts are reported in ppm relative to SiMe,. J values are given in
hertz. Infrared spectra were recorded on a FTIR spectrometer. Fast atom bombardment (FAB)
mass spectra were obtained from the Centre Régional de Mesures Physiques, Université de
Rennes. Optical rotations were measured at 589 nm. Column chromatography were carried out
on silica gel (70-230 mesh). Solvents were dried and freshly distilled following the usual proce-
dures. Product solutions were dried over Na,SO, prior to evaporation of the solvents under
reduced pressure on a rotary evaporator.

4.1. Intramolecular Mannich-type cyclization. General procedure
To a stirred solution of aldehyde (2.20 mmol) in CH,Cl, (20 mL) was added MgSO, (ca. 1 g)

followed by a solution of amine (-)- or (+)-4 (2 mmol) in CH,Cl, (5 mL). The resulting solution
was heated at reflux until complete disappearance (TLC monitoring) of the amine (5 h), then
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cooled to room temperature and transferred via a cannula to a solution of dry para-toluene-
sulphonic acid (2.40 mmol) in toluene (25 mL). The resulting mixture was heated at 70°C for 12
h. After being cooled to room temperature, saturated aqueous NaHCO;3 (15 mL) was added and
the protected piperidone was extracted with ethyl acetate (4x20 mL). The combined organic
extracts were dried, filtered and evaporated. The residue, purified by column chromatography,
gave the corresponding protected 4-piperidone.

4.2. (+)-(8R,I0R )-9-Aza-10-methyl-8-prop-1'-enyl-1,5-dioxaspiro[ 5.5 Jundecane 5

Following the cyclization procedure, crotonaldehyde (169 puL, 2.07 mmol) and amine (-)-4 (300
mg, 1.89 mmol) afforded the protected piperidone (+)-5 as a pale yellow oil (315 mg, 79%). R 0.3
(ethyl acetate:methanol, 5:1); [a]§=+10.3 (¢ 1.0, CHClL3); vmax (neat)/cm=' 3319, 2962, 2865,
1718, 1439, 1377, 1313, 1248, 1146, 1096; 5y (CDCls) 5.62 (1H, m), 5.45 (1H, m), 3.90-3.80 (4H,
m), 3.28 (1H, m, H-8), 2.92 (1H, m, H-10), 2.27 (1H, dt, J=13.5 and 2.5, H-7eq), 2.19 (1H, dt,
J=13.5 and 2.5, H-11eq), 1.75-1.65 (2H, m), 1.65 (3H, dd, /=6 and 1.2), 1.60-1.50 (1H, br s,
NH), 1.35-1.10 (2H, m), 1.10 (3H, d, J=7); §c(CDCly) 133.7, 125.8, 97.4, 59.1, 54.9, 47.7, 41 .4,
38.7,25.7, 22.6, 17.7; found (FAB) 212.1653, C;,H,NO,+H* requires 212.1651.

4.3. (=)-(8S,10S )-9-Aza-10-methyl-8-prop-1'-enyl-1,5-dioxaspiro[ 5.5 Jundecane 5

Following the same procedure, (-)-5 was prepared in 80% yield from (+)-4; [oe]lz)5 =-10.4 (¢ 1.0,
CHCIl3). Spectral data are identical with those reported above for its enantiomer.

4.4. Dithioacetalation. General procedure

To a stirred solution of protected piperidone (2 mmol) in dichloromethane (20 mL) was added
dropwise, at room temperature, ethanedithiol (10 mmol) then a 48% solution of BF3-Et,O in
diethylether (10 mmol). After 1 h of stirring, an excess of 1 M aqueous NaOH was added and the
resulting mixture was extracted with dichloromethane (4x20 mL). The combined organic extracts
were dried, filtered and evaporated. The residue, purified by column chromatography, gave the
corresponding dithiolane derivative.

4.5. (+)-(7R,9R )-8-Aza-9-methyl-7-prop-1'-enyl-1,4-dithiaspiro[ 5.4 Jundecane 6

Following the thioacetalation procedure, protected piperidone (+)-5 (300 mg, 1.42 mmol)
afforded the dithiaspiropiperidine (+)-6 as a pale yellow oil (316 mg, 97%). Ry 0.65 (ethyl acetate:
methanol, 1:1); [oc]zD5 =+21.9 (¢ 1.0, CHCl3); vay (neat)/cm™' 3297, 2924, 2822, 1432, 1376, 1314,
1276, 1103, 968, 733; 6y (CDCl3) 5.65 (1H, m), 5.30 (1H, m), 3.30 (4H, s), 3.77 (1H, m, H-9), 2.07
(2H, m, H-6eq and H-10eq), 1.81-1.68 (2H, m, H-6ax and H-10ax), 1.63 (4H, H-13 and NH),
1.09 (3H, t, J=17.0); §c (CDCl3) 132.8, 126.0, 66.1, 61.0, 57.9, 50.9, 49.4, 38.8, 37.5, 22.0, 17.6;
found (FAB) 230.1037, C;;H{9NS,+H™* requires 230.1037.

4.6. (-)-(78,9S)-8-Aza-9-methyl-7-prop-1'-enyl-1,4-dithiaspiro[ 5.4 Jundecane 6

Following the same procedure, (-)-6 was prepared in 97% yield from (+)-5; [05]12)5 =-21.7 (¢ 1.0,
CHCl3). Spectral data are identical with those reported above for its enantiomer.
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4.7. Hydrogenolysis of dithiaspiropiperidines. General procedure

To a stirred solution of protected piperidone (2 mmol) in absolute ethanol (20 mL) was added
freshly prepared W2 Raney-nickel!'! (500 mg). The resulting suspension was heated at reflux for
30 min, cooled to room temperature before filtration then concentration of the filtrate under
reduced pressure. The residue was dissolved in 1 M NaOH and the piperidine was extracted with
dichloromethane (4x20 mL). The combined organic extracts were dried, filtered and evaporated.
To the residue, dissolved in diethyl ether (3 mL), was added a saturated ether solution of hydro-
gen choride (4 mL). Filtration, followed by recrystallization from absolute EtOH:AcOEt, 1:3,
afforded the title compounds as white needles.

4.8. (+)-(2R,6S)-2-Methyl-6-propylpiperidine hydrochloride [ (+)-dihydropinidine-HCI] 1-HCI

Following the hydrogenolysis procedure, protected piperidone (+)-6 (200 mg, 0.87 mmol)
afforded the piperidine (+)-1 as a pale yellow oil (115 mg, 95%). R;0.1 (ethyl acetate:methanol, 1:1).
Recrystallization of the hydrochloride from absolute EtOH:AcOEt, 1:3 afforded dihydropinidine
hydrochloride 1-HCI as white needles; mp = 242-243°C (lit.* mp = 242-246°C), [05]12)5 =+14.1 (¢ 1.0,
EtOH) (lit.* [oz]f)5 =+11.6 to 14.2, ¢ 1.14, EtOH); spectral data were identical with those reported.*

4.9. (-)-(2S,6R )-2-Methyl-6-propyl-piperidine hydrochloride [ (-)-dihydropinidine-HCI] 1

Following the same procedure, (-)-1 was prepared in 96% yield from (-)-6; mp = 242-243°C;
[a]5 =—14.2 (¢ 0.5, EtOH) (lit.* [a]5 =-9.1 to —12.7 in EtOH); spectral data were identical with
those reported.*

4.10. (+)-(8S,10R )-9-Aza-10-methyl-8-n-nonyl-1,5-dioxaspiro[ 5.5 Jundecane 8a

Following the cyclization procedure, decanal (324 mg, 2.07 mmol) and amine (-)-4 (300 mg,
1.89 mmol) afforded the protected piperidone (+)-8a as a pale yellow oil (504 mg, 90%). Ry 0.42
(ethyl acetate:methanol, 5:1); [oz]zD5 =+3.5 (¢ 0.99, CHCl3); vmax (neat)/cm=' 3314, 1143, 1097; 8y
(CDCls) 3.94 (2H, t, J=6.5), 3.89 (2H, t, J=6.5), 2.90 (1H, m, H-10), 2.74 (1H, m, H-8), 2.25
(2H, m, H-7eq and H-11eq), 2.05 (1H, br s, NH), 1.73 (2H, m), 1.49-1.20 (17H, m), 1.15-1.04
(1H, m), 1.09 (3H, d, J=7.0), 0.89 (3H, t, J="7.0); §c (CDCl3) 97.4, 59.1, 52.6, 48.0, 40.9, 39.1,
36.4, 31.9, 29.7, 29.5, 26.3, 25.9, 25.6, 22.6, 22.1, 14.1; found (FAB) 297.2667, C1sH;3;sNO,+H™*
requires 297.2868.

4.11. (+)-(8S,10R )-9-Aza-10-methyl-8-n-undecyl-1,5-dioxaspiro[ 5.5 Jundecane 8b

Following the cyclization procedure, dodecanal (382 mg, 2.07 mmol) and amine (-)-4 (300 mg,
1.89 mmol) afforded the protected piperidone (+)-8b as a pale yellow oil (460 mg, 75%). R¢ 0.42
(ethyl acetate:methanol, 1:1); [oz]%5 =+1.4 (¢ 1.4, CHCL3); Vimax (neat)/cm™" 3314, 2925, 2854, 1466,
1380, 1321, 1144, 1097, 1012, 986; §y (CDCl;) 3.94 (2H, t, J=6.5), 3.86 (2H, t, J=6.5), 2.87 (1H,
m, H-10), 2.74 (1H, m, H-8), 2.25 (2H, m, H-7eq and H-11eq), 1.73 (2H, m), 1.49-1.20 (22H, m),
1.20-1.02 (4H, m), 0.83 (3H, t, J="7.0); 8¢ (CDCl3) 179.5, 128.8, 125.9, 97.4, 59.2, 52.6, 48.0, 40.9,
39.0,36.4,31.9,29.7,29.6, 29.4, 26.0, 25.6, 22.7,22.1, 14.1; found (FAB) 326.3058, C50H39yNO,+H*
requires 326.3059.
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4.12. (+)-(8S,I0R )-9-Aza-10-methyl-8-n-tridecyl-1,5-dioxaspiro[ 5.5 Jundecane 8¢

Following the cyclization procedure, tetradecanal (440 mg, 2.07 mmol) and amine (-)-4 (300
mg, 1.89 mmol) afforded the protected piperidone (+)-8c as a pale yellow oil (466 mg, 70%). R
0.42 (ethyl acetate:methanol, 1:1); [oe]zDS:+1.8 (¢ 1.4, CHCL); éy (CDCl3) 3.90 (2H, t, J=6.5),
3.79 2H, t, J=6.5), 2.80 (1H, m, H-10), 2.71 (1H, m, H-8), 2.21 (2H, m, H-7eq and H-11eq), 1.71
(2H, m), 1.49-1.22 (26H, m), 1.18-1.00 (4H, m), 0.80 (3H, t, J=7.0); §c (CDCl3) 148.2, 128.8,
125.8,97.6, 59.2, 59.1, 52.6, 48.0,47.7,41.1, 39.4, 36.7, 31.9, 29.8, 29.7, 29.6, 29.4, 26.2, 25.7, 22.4,
21.7, 14.1; found (FAB) 354.3372, C5oH43NO,+H* requires 354.3374.

4.13. (+)-(8S,10R )-9-Aza-10-methyl-8-n-pentadecyl-1,5-dioxaspiro[ 5.5 Jundecane 8d

Following the cyclization procedure, hexadecanal (498 mg, 2.07 mmol) and amine (-)-4 (300
mg, 1.89 mmol) afforded the protected piperidone (+)-8d as a white solid (518 mg, 72%). R; 0.38
(ethyl acetate:methanol, 1:1); mp =28-29°C; [a]lz)s=+0.5 (¢ 1.0, CHCL3); viayx (neat)/cm=' 2919,
2850, 1464, 1383, 1324, 1135, 1091, 992, 759; 6y (CDCl3) 3.83 (2H, t, J=6.5), 3.75 (2H, t, J=6.5),
2.77 (1H, m, H-10), 2.65 (1H, m, H-8), 2.14 (2H, m, H-7eq and H-11eq), 1.62 (2H, m), 1.33-1.12
(30H, m), 1.00-0.90 (4H, m), 0.77 (3H, t, J="7.0); éc (CDCl;) 178.9, 128.5, 125.4, 97.3, 58.9, 58.8,
52.3,47.7, 41.0, 39.2, 36.6, 31.7, 29.6, 29.5, 29.4, 29.2, 25.8, 25.5, 22.5, 22.2, 13.9; found (FAB)
382.3678, Cr4H47NO,+H™ requires 382.3685.

4.14. (+)-(78,9R)-8-Aza-9-methyl-7-n-nonyl-1,4-dithiaspiro[ 5.4 ]decane 9a

Following the dithioacetalation procedure, protected piperidone (+)-8a (300 mg, 1.01 mmol)
afforded the dithioderivative (+)-9a as a pale yellow oil (309 mg, 97%). Ry 0.58 (ethyl acetate:
methanol, 5:1); [C(]zDS =423.9 (¢ 1.1, CHCL3); vay (neat)/cm=! 3308, 2924, 2853, 2325, 2342, 1460,
1320, 1151, 1102; 6 (CDCl5) 3.25 (4H, s), 2.81 (1H, m, H-9), 2.69 (1H, m, H-7), 2.05 (2H, m, H-6eq
and H-10eq), 1.62 (2H, m, H-6ax and H-10ax), 1.50 (1H, br s, NH), 1.40-1.16 (16H, m), 1.07
(3H, d, J=6.5), 0.84 (3H, t, J="17.0); 6c(CDCIl5) 66.8, 59.7, 56.0, 51.3, 50.5, 48.2, 39.1, 37.7, 36.7,
31.8,29.5, 25.8, 22.6, 22.3, 14.1; found (FAB) 316.2138, C;;H33NS,+H* requires 316.2133.

4.15. (+)-(78,9R )-8-Aza-9-methyl-7-n-undecyl-1,4-dithiaspiro[ 5.4 ]decane 9b

Following the dithioacetalation procedure, protected piperidone (+)-8b (400 mg, 1.23 mmol)
afforded the dithioderivative (+)-9b as a pale yellow oil (395 mg, 94%). Rf 0.47 (ethyl acetate:
methanol, 5:1); [a]5 =+7.36 (¢ 1.3, CHCl3); vy (neat)/cm=' 3326, 2924, 2853, 1707, 1468, 1146,
1099, 776, 650; 8y (CDCl3) 3.29 (4H, s), 2.92 (1H, m, H-9), 2.76 (1H, m, H-7), 2.08 (2H, m, H-6eq
and H-10eq), 1.72 (2H, m, H-6ax and H-10ax), 1.47-1.18 (21H, m), 1.12 (3H, d, J=6.5), 0.87
(3H, t, J=7.0); 6c (CDCls) 66.6, 56.2, 52.3, 50.1, 48.0, 39.1, 37.8, 36.2, 31.9, 29.7, 29.6, 29.4, 25.8,
22.7,21.9, 14.2; found (FAB) 344.2449, C19H37NS,+H™ requires 344.2446.

4.16. (+)-(75,9R)-8-Aza-9-methyl-7-n-tridecyl-1,4-dithiaspiro[ 5.4 ]decane 9c
Following the dithioacetalation procedure, protected piperidone (+)-8¢ (400 mg, 1.13 mmol)

afforded the dithioderivative (+)-9¢ as a pale yellow oil (387 mg, 92%). R; 0.46 (ethyl acetate:
methanol, 1:1); [a{]f)5 =+7.8 (¢ 2.0, CHCI3); §u(CDCl5) 3.27 (4H, s), 2.82 (1H, m, H-9), 2.70 (1H,
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m, H-7), 2.06 (2H, m, H-6eq and H-10eq), 1.62 (2H, m, H-6ax and H-10ax), 1.46 (1H, br s, NH),
1.41-1.18 (24H, m), 1.09 (3H, d, J=6.5), 0.87 (3H, t, J=7.0); c (CDCls) 66.9, 56.1, 51.4, 50.6,
48.6, 39.1, 37.7, 36.8, 31.9, 29.8, 29.7, 29.6, 29.4, 25.9, 22.7, 22.4, 14.2; found (FAB) 372.2759,
C,1H41NS->+H™ requires 372.2758.

4.17. (+)-(78,9R )-8-Aza-9-methyl-7-n-pentadecyl-1,4-dithiaspiro[ 5.4 ]decane 9d

Following the thioacetalation procedure, protected piperidone (+)-8d (400 mg, 1.05 mmol)
afforded the thioacetal protected piperidone (+)-9d as a white solid (398 mg, 95%). R¢ 0.29 (ethyl
acetate:cyclohexane, 1:3); mp =37-38°C; [oz]zD5 =46.9 (¢ 1.7, CHCl3); vpmax (KBr)/em™' 3321, 2918,
2850, 1471, 1320, 1106, 746, 718; 8y (CDCls) 3.30 (4H, s), 2.88 (1H, m, H-9), 2.73 (1H, m, H-7),
2.10 (2H, m, H-6eq and H-10eq), 1.65 (2H, m, H-6ax and H-10ax), 1.55 (1H, br s, NH), 1.42-1.22
(28H, m), 1.12 (3H, d, /=6.5), 0.89 (3H, t, J=7.0); c (CDCl;) 66.7, 55.9, 51.3, 50.4, 48.4, 39.0,
37.6, 36.6, 31.8, 29.7, 29.6, 29.5, 29.4, 29.3, 25.7, 22.6, 22.2, 14.0; found (FAB) 400.3078,
C,3H4sNS>+H™ requires 400.3072.

4.18. (+)-(2S,6R)-2-Methyl-6-n-nonylpiperidine hydrochloride [ (+)-isosolenopsin-HCI] 3a-HCI

Following the hydrogenolysis procedure, dithiopiperidone (+)-9a (200 mg, 0.63 mmol) afforded
the piperidine (+)-3a as a pale yellow oil (133 mg, 93%). R; 0.07 (ethyl acetate:methanol, 1:1);
Recrystallization of the hydrochloride from absolute EtOH:AcOEt 1:3 afforded the isosolenopsin
3a-HCl as white needles; mp = 174-175°C; [(x]f)'5 =+11.1 (¢ 0.92, CHCly); spectral data are identical
with those reported for racemic material.!?

4.19. (+)-(25,6R )-2-Methyl-6-n-undecylpiperidine hydrochloride [ (+)-isosolenopsin A-HCI] 3b-HCI

Following the hydrogenolysis procedure, dithiopiperidone (+)-9b (300 mg, 0.89 mmol) afforded
the piperidine (+)-3b as a pale yellow oil (208 mg, 95%). Ry 0.08 (ethyl acetate:methanol, 1:1);
Recrystallization of the hydrochloride from absolute EtOH:AcOEt, 1:3, afforded isosolenopsin A
hydrochloride 3b-HCI as white needles; mp=150-151°C (lit.'> mp=152-153°C for racemic
material'2); [a]% =+10.0 (¢ 1.17, CHCl3) (lit.>* [a]5 =+10.6 (c 0.3, CHCl;)); spectral data are
identical with those reported.32>-

4.20. (+)-(2S,6R)-2-Methyl-6-n-tridecylpiperidine hydrochloride [ (+)-isosolenopsin B-HCI] 3¢-HCI

Following the hydrogenolysis procedure, dithiopiperidone (+)-9¢ (300 mg, 0.81 mmol) afforded
the piperidine (+)-3c as a pale yellow oil (216 mg, 95%). Rf 0.08 (ethyl acetate:methanol, 1:1);
Recrystallization of the hydrochloride from absolute EtOH:AcOEt, 1:3, afforded isosolenopsin B
hydrochloride 3¢-HCI as white needles; mp = 145-146°C; [oz]%5 =+8.5 (¢ 1.0, CHCly); spectral data
are identical with those reported for racemic isosolenopsin B hydrochloride.'?

4.21. (+)-(25,6R)-2-Methyl-6-n-pentadecylpiperidine hydrochloride [(+)-isosolenopsin C-HCI]
3d-HCI

Following the hydrogenolysis procedure, dithiopiperidone (+)-9d (300 mg, 0.75 mmol) afforded
the piperidine (+)-3d as a pale yellow oil (218 mg, 94%). Ry 0.07 (ethyl acetate:methanol, 1:1);
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Recrystallization of the hydrochloride from absolute EtOH:AcOEt, 1:3, afforded isosolenopsin C
hydrochloride 3d-HCI as white needles; mp = 140-141°C; [oz]zD5 =+8.2 (¢ 1.0, CHCIly); spectral data
are identical with those reported for racemic isosolenopsin C hydrochloride.!?
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