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Abstraei: We report here the syniheses of cis- and imms-2,6-disubsiituted piperidines using chiral 1-aza-4-
oxabicyclof[4.3.0]nonane synthon 1, whichshows high reactivity toward nucleophilic attack atits C-5 position. Bicyclic
compounds resembling synthon 1 were transformed to cis- and trans-2,6-disubstituted piperidine derivatives via reactions
with various Grignard reagents in a stereospecific manner. Using this methodology, (+)-solenopsm A (2b) and both
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1. INTRODUCTION

There has been significant interest in solenopsins (i.e., solenopsin A (2a), B and C along with the
corresponding cis derivatives isosolenopsin A (3a), B and C), the major components of the non-proteinaceous
venom of the fire ant Solenopsis (Myrmicinae), ever since their structures were determined by MacConnell and
co-workers in 1970." These fire ant alkaloids exhibit cytotoxic, hemolytic, necrotic, antibacterial, insecticidal
and antifungal activities.” Their cis-frans isomerism, combined with their simple structures and bioactive

potency, make them an ideal target for testing the stereoselectivity of numerous reactions. Although the absolute

3
stereochemistry of natural solenopsins was not unambiguously resolved until Braekman and co-workers
canfirmed tha _confionratinn anf the methvul maiety in 1004 theare ares currantly 20 different cunthetic rantae for
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solenopsins, 10 of which exist in optically active forms. The methods used to prepare the parent 2,6-
disubstituted piperidine ring structure inciude catalytic or chemical reduction of the corresponding pyridine
dervatives,  intramolecular cyclization of olefins or ammnoketones, ' alkylation of pyrndinmum salts or
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piperidinic derivatives, ' Beckmann rearrangement of oxime sulfonates, = and cycloaddition."”
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Chart 1

In a recent publication,14 we described the syntheses of 2-substituted and 2,6-disubstituted piperidines

attack at its C-5 position. Stereocontrol over both of the ¢ pesiﬁoas of the piperidine derivatives demnds on
1 o o crihotitiranmts ~ ~~EI Oy ey = L
both the stereochemistry and the steric nature of the C-2 and C-9 substituents of 1. Although this procedure has
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been successf of enantiopure 2-alkyi- and cis-2,6-d mxylplperlame aikaloids, such

es
—)-sedamine, "’ and pinidine enantiomers, '® the synthesis of the respective
trans isomers gave poor results due to poor stereoselectivity. To investigate the role of cis-frans isomerism in the
preparation of cis- and frans-2,6-dialkyl piperidines with a reasonable yield, we have extended our previous
work to the reaction of bicyclic compounds resembling synthon 1 with various Grignard reagents in a
stereospecific manner. Using this methodology, unnatural (+)-solenopsin A (2b) and both enantiomers of

isosolenopsin A (natural 3a and unnatural 3b) were synthesized in an enantioselective manner.
2. RESULTS AND DISCUSSION

in a preliminary study, ' both of the C-9 diastereomers of synthon 1 were prepared in three steps from the
readily available, enantiomerically pure amino alcohol (R)-N-(2,4,6-trimethoxybenzyl)phenylglycinol (4),
which acts as a chiral auxiliary as depicted in Scheme 1. As the C-9 substituents, we chose a methyl group to
represent an aliphatic substituent and a phenyl group to represent an aromatic substituent. The stereochemistry at
C-9 is established through the chiral 1,3-oxazolidine derivative intermediate,'’ which can provide the required
stereoselectivity. By changing the functional groups of both the aldehydes (5 and 8) and Grignard reagents (6
and 9), the desired compounds 7a,b and 10a,b were obtained, with some of them as inseparable mixtures of

C-5 epimers.



Ar /L-\ Brivig \oj Ar L Y H
\_ 6 \—N OH  CFsCcOH R{{ ){

T N\V/O s | O, CHLCly h{ 25 P
S AL P
/ RCHO " " M Pf1' .
5 oxazolidine acetal 7a: RD:;.Y:((: 00:0)

7b: R=Me (58:42)

N ‘H  (R)-N-timethoxybenzyl
MoG N/ﬂ phenyiglycinol (4)
|

N ~ _ v
O Ph H Ph, H
I W e H
H O 9 OH CF3COzH 9
\\ 8 N\/O

A . .
R N's570O

3

O~ CHCl \, /

Te=te

s R o o

\\_
AN /\V " bt [ il
L

10a: R=Ph (76:24)
Anaf 14 10b: R=Me (77:23)

Scheme 12

As part of our initial studies, the asymmetric reactions of bicyclic compounds 7 and 10 were carried out
by adding three equivalents of Grignard reagents to a THF solution of the bicyclic compounds. Compounds 7a
and 10a gave the cis and frans isomers of piperidine derivatives, respectively, upon reaction with

nhenvlm nesium bromide. However, both 7b and 10b nreﬂnmm:mtlv gave the cis isomer of pipe idine
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well as the stereoelectronic mechanism are decribed below.

2.1. Asymmetric reaction of synthon 7a,7b with Grignard reagents

First, the asymmetric reaction of 7a with phenylmagnesium bromide was performed to predominantly give
the cis isomer 11a, a piperidine derivative with a phenyl moiety at both of its a.-carbons, in excellent yield, as
depicted in Table 1. Similarly, the bicyclic synthon 7b with a methyl group at C-9 was treated with
methvlmagnesmm bromide to completely give the cis-o,a’-dimethylpiperidine derivative (14) in moderate

yleld * We then reacted bicyclic compound 7a with methylmagnesnum bromide to give almost exclusively the
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This outcome reveals the mechanism invoived in controiiing the stereoselective attack of the methyi or
pheny! function of the Grignard reagents toward the C-5 position of the starting bicyclic 7a or 7b. As shown in
Table 1, the C-5 diasteromerically pure bicyclic 7a give a mixture of the cis-trans isomers of the piperidine
derivatives 11a+11b (82:18) and 12a+12b (97:3). On the other hand, the C-5 diastereomeric mixture of 7b
give only the cis isomer of the piperidine derivatives 13 and 14. The diastereoselectivity of this reaction can be
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explained by assuming that the Grignard reagent approaches the oxygen atom of the 1,3-oxazolidine ring of the
bicyclic compound to give a favorable intermediate iminium salt, as suggested in the reaction of 1,3-oxazolidine

itself with a Grignard reagent.'®"’

Table 1. Stereoselective Reactions of 7a/7b with Grignard Reagents®

Ph N/ \O P‘l‘v‘lng Ph /L/ R Ph’ R
oH * )\/OH
Ph Ph
e

Ph 11a R: Ph 11b R: Ph
PN SN
Y, )

_ k‘ X‘ RAMARr '] A\\‘..v.\. ./" s
H3C N o 7SS HCT N R
)____/ Dk)\/OH
Ph’ N -
/b 13 R: Ph
14 R: Me
. d
Substrate Grignard reagent® Yield®, %  Product ratio

cis : trans

7a PhMgBr 100 11a+11b 82 : 18

7a CH3zMgBr 94 12a+12b 97 : 3

7b PhMgBr 96 13 100 : O

7b CH3MgBr 82 14 100: 0

3Reactions were generally performed in THF at rt for 40 h. bThree equiv. of Grignard reagents were

Cy;, i " d P T T P s ENUR [T TV 1=
used. “Yield of total product obtained after column chromatography. ~Ratio datermined by 'H-NMR.

The stereochemical course of the Grignard addition to the 1,3-oxazolidine, which is widely known as a
masked imine derivative, has been well clarified. '* Similarly, the stereoselectivity of the Grignard addition to a
piperidinium ion intermediate leading to o, o’-disubstituted piperidine presumably originates from a
stereoselective effect. By way of explanation, we can examine the case of the Grignard addition to bicyclic 7a,
as shown in Figure 1. Due to strong A"-? strain'® between the o-phenyl group and the N-phenylethyl group of
iminium ion I-A, the o-phenyl group occupies the axial position through half-chair conformation I-B. The

5,20,21

Grignard reagent stereoelectronically prefers the axial attack on I-B to give the cis-2,6-diphenylpiperidine

4
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derivative 11a as the major product. The emergence of trans isomer 11b (minor product) is due fo sieric
hindrance between the bulky a-phenyl group of I-B and the attacking Grignard reagent, which raises the
possibility of Grignard attack from the opposite direction (equatorial attack) to a limited extent. This is consistent
with the results of the Grignard addition to bicyclic 7b, the small a-methyl moiety of which provides less steric
hindrance for the stereoelectronically preferred axial attack, and thus gives the cis isomer as the sole product (13
and 14).
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Figure 1

2.2. Asymmetric reaction of synthon 10a,10b with Grignard reagents

’ [
&
o
Q
=
=9
175]
£
[13+]

e » 3% _al e % + o simals Y an Aasiats g AP Ny D Lg 3 NP P 1 A2

i.e., (R)-phenyl and (S)-methyl (10a and 16b, respectively), as depicted in Table 2. The diastereofacial addition
of phenylmagnesium bromide to bicyclic 10a gave the trans isomer of the o, o’ -diphenylpiperidine derivative
15 in good yield. Analogously, the addition of methylmagnesium bromide to bicyclic 10b gave a mixture of the
cis isomer 17a and the trans isomer 17b in a ratio of 62:38, respectively, in very good yield. " This previous
result prompted us to confirm the relation between the nature of the functionality at C-9 and cis-trans isomerism
by reacting 10a with methylmagnesium bromide to almost exclusively give the frans isomer 16 in moderate
yield, and the reaction of 10b with phenylmagnesium bromide gave the frans isomer 16 as the major product in

excellent vneld

The cis-trans isomeric outcome of these nucleophilic additions varies depending upon the nature of the
functionality at the stereogenic center C-9. This phenomenon can be explained as shown in Figure 2. As in the
mechanism described in Figure 1, the piperidinium intermediate I for Grignard addition to 10a takes a half-

chair conformation with an a-phenyl group at the axiai position. The Grignard reagent can then attack the
piperidinium intermediate from either direction. The bulkiness of the a-phenyl substituent™ hinders the axial
attack of the Grignard reagent (II-A), and prefers the less sterically hindered equatorial attack (II-B) to give

55-13970 13959
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only the trans isomer 15. The steric hindrance that leads to the equatorial attack is also produced by the phenyl
function of the Grignard reagent, as shown in the reaction of 10b with phenylmagnesium bromide to
predominantly give the trans isomer 16. On the other hand, such hindrance is minimized for the

stereoclectronically preferred axial attack of 10b by methylmagnesium bromide to give the cis isomer 17a as the
major product.

VP | |
PR e -
OH H
ph/*J Ph7” pre” O
10a 13 R: CHj3 15 R: Ph
48 D. MLl
1V 1. W l3
™ ) )
H
NN RMaBr Hq,/\N/\_n_ Hq_,/\N/ R
mn3w N O 77771 - And i
)_J /K/OH + )\/OH
— Ph Ph
Ph
10b 12a R: Ph 16 R:Ph
17a R O, 47h D+ CH..
Efea ll.\Jlld s ll.UIld
18a R: CH3CH» 18b R: CH3CHo
19a R: H-C=CH 19b R: HC=CH
20a R: HC=C 20b R: HC=C
. . ratio
Substrate Grignard reagent  Yield, % Product
cis : trans
joa PhMgBr 91 i5 0:100
10a CH3zMgBr 86 13+16 7 : 93
10b PhMgBr 96 12a+16 13 : 87
P ML _ AA~D ~— am_ . &L ~ ~
10b “Rgivigoi Y/ 1/a+17/p 62
10b CHaCHoMgBr 93 18a+18b 53 : 47
10b HoC=CHMgBr 94 19a+19b 24 : 76
10b HC=CMgBr 87 20a+20b 3:97

2All conditions were generally similar to those mentioned in Table 1.
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While the stereochemical outcome of the Grignard addition to 10a was unequivocally clarified as
described above, 10b gave us a great opportunity to explore its reaction with various Grignard reagents. For the
next experiment, we considered that despite the effect of the bulkiness of phenylmagnesium bromide, the C=C
bond of the phenyl function of the Grignard reagent plays a predominant role in cis-trans isomerism. First,
ethylmagnesium bromide was added to 10b to produce equal proportions of the cis isomer 18a and the trans
isomer 18b in good yield. We then used the same procedure with vinylmagnesium bromide to give a 24:76 ratio

of the cis isomer 19a and the rans isomer 19b in good yield. Under the same conditions, ethynylmagnesium
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Chart 2



Surprisingly, however, there is a linear correiation between the number of bonds within the 2-membered
alkyl function of the Grignard reagent and the trans isomer. Accordingly, the choice of Grignard reagent was
found to be crucial for obtaining the frans isomer in good yield in these reactions. We do not yet know why
Grignard reagents with double and triple bonds enhance the proportion of the frans isomer. The alkenyl and
alkyny!l character of Grignard reagents based on the HSAB principle, as suggested by Yamaguchi and co-
workers,® has been taken into consideration.

:nnv:rl.ra im o cirmnmla and A~ . mannmar feaoe

in a simple and concis
single enantiomeric source. The piperidine derivatives obtained in this work were determined as follows. The
absolute stereochemistries of 12Za, 13 and 16, all of which are 2-methyl-6-phenylpiperidine derivatives that
could be derived from two different bicyclic sources, were determined by cross-checking their NMR spectra. In
addition, 12a and 13 were subjected to hydrogenolysis using a palladium hydroxide catalyst to give the
enantiomeric pair 21, [a]**, —=35.6 (¢ 1.38, CHCl,), and 22, [a]**, +35.2 (c 1.26, CHCI,), in moderate to
good yield. Compound 16 was subjected to oxidative cleavage using lead tetraacetate in acetic acid to give the
enantiomer 2 3, [a]**, +33.4 (¢ 1.25, CHCL,), in moderate yield (Chart 2).

ectahliched hy NNOF avnerimentc  the maore imnartant detaile of which are ¢cummarized in Fioure 3 Wit the
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catalyst to provide a single enantiomer whose N spectra are consistent with those of the tran

Next, the hydrogenation of the trans isomers 20b using the Lindlar catalyst gave 19b.

//’—3-2%‘\ //"’ 2.106"‘\\
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20b
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LI " \
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19a 19b
! PtO,, Ha
I
18b
Figure 3
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2.4. Enantioselective synthesis of (+)-solenopsin A (2b) and both enantiomers of isosolenopsin A (3& and 3b)

We applied our findinds to the synthesis of (—)-isosolenopsin A (3a), beginning with Grignard addition o
bicyclic 7b to give the diasteromerically pure piperidine 24 in 98% yield (Scheme 2). After reductive cleavage of
the chiral auxiliary over 5% palladium on carbon under a hydrogen atmosphere, followed by ethanolic-
hydrochloric acidification, (—)-isosolenopsin A hydrochloride (3a- HCl) was obtained as colorless crystals, mp
152-153 C (CH,Cl,—ether) (it.! mp 154-155 C); [a)*, +10.0 (¢ 1.1, CHCL,) (lit.” (+)-isosolenopsin A
hydrochloride: [a}*°, —10.3 (c 1.3, CHCL,)) in 82% yield.

SHalBR2MOMEBT e N (CHRoCHs " " e N7 (CHg)1oCHa
96% 2) Ethanolic-HCI |
° _/\v/OH ) Q2oL H.HCI
i 82% c
o 3aHCI

The same route was successfully used to prepare (+)-isosolenopsin A (3b) through the reaction of bicyclic
10b with the correct Grignard reagent to give a diastereomeric mixture, from which the desired cis isomer 27

was easily separated in 62% yield. A similar elimination of the N-functionality, and acidification of the resulting
secondary amine ga“e (+)-isosolenopsin A hydrochloride (3b-HCl) as colorless crystals, mp 152-153 C
(CH,Cl,—ether) (lit.' mp 154-155 C); (o 1%, -10.1 (c 1.0, CHCL,) @it [@]*°, ~10.3 (¢ 1.3, CHCL,)) in 86%
yield.
H3G(H2C )6 j /E
AN e PtOs, Ha P
20b Hac” N \\ Hac” N~ "(CHz)10CH3
, Pd(PPha) | I 93% | L
L u\l I‘ll:,". /\ k e ™ H
/ Pyrrolidine Ph (CH2)sCH3 Ph
88% I \ 94} 92
OH 26
// 25 1) PA/C 5%, Ha "
10b " 2) Ethanolic-HC!
L N 87%
\\ CH3(CH2)10MgBr /L J
\\ "'.,'
N HaC N "(CHz2)10CH3
Y 2 I
™ H.HCI
S 26 (23%)
2b HCI
+
N

) ro
C/\N/\ (CH2)10CHz 1) Pd/C 5%, Ha H,‘C/\N/\(CH2>1.QCH3
OH

3
/K/ 2) Ethanolic-HCI |
86°/° H . HC‘
27 (62%) 3b'HCI
Scheme 3
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The synthesis of (+)-solenopsin A (2b) was achieved starting from 20b, which was derived as above
from 10b. The 11-membered aliphatic side chain was built up by introducing readily availabie (£)-1-iodo-1-
nonene” (o0 20b, using tetrakis(triphenylphosphine)palladium catalysis,z“‘ to give the unsaturated piperidine 2§
in 88% yield. The subsequent stage is critical because migration of the double bond during the palladium on
carbon catalytic hydrogenation causes a loss of configuration. Based on the Wasserman procedun:,5 the
unsaturated side chain was first hydrogenated with platinum oxide to give the saturated piperidine 26 in 93%
yield, and this was followed by hydrogenolytic cleavage of the chiral appendage and salt formation to yicld the
(+)-solenopsin A hydrochloride (2b-HCI) as colorless crystal Iil—lﬁ? C(CH, ("L-—ether\ (hi rn_p 146
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3. CONCLUSION

We have developed a simple procedure for the enantioselective preparation of cis- and frans-2,6-
dialkylpiperidine derivatives vig Grignard addition to 1-aza-4-oxabicyclo[4.3.0]nonane derivatives. Although the
mechanism that exclusively provides the trans isomer is still unclear, this procedure was successfully applied to
the synthesis of (+)-solenopsin A (2b) in 29% overall yield in seven steps from the chiral auxiliary 4. We also

achieved the enantioselective synthesis of (—)-isosolenopsin A (3a) in 49% overall yield in five steps, and of

11 1ceu S yIidle Clidll yiciu

(+)-isosolenopsin A (3b) in 25% overall yield in five steps, from a single enantiomeric source (4). We are
mantr ha acmeliaa iy ¢~ than s e da M 1

oo o . e Al oy - !
configent tnat this metnodology may e appu\,auxc t0 Uie enantoser

disubstituted piperidine alkaloids.
4. EXPERIMENTAL SECTION

General procedures
Melting points were measured without correction. The 'H NMR and '*C NMR spectra were run in CDCI,
unless otherwise noted. All chemical shifts are reported as 6 values (ppm) relative to TMS and residual CDCI, as

and major %scrpdons are listed in cm™'. Mass spectra and High-resolution mass spectra were recorded on a
JEOL JMS 600 spectrometer in the chemical ionization (CI) with isobutane and electron impact (EI) methods

g N L Yy s sem AT T | [N

Optical rotations were performed on a JASCO DIP-1000; concentrations reported are in g/100 ml. Column
chromatography was performed on silica gel (45~75 mm, Wakogel C-300). The THF was distilied over
potassium metal. All other solvents and reactants were of the best commercial grade available and used without

further purification unless noted.

Reaction of the bicyclic compounds with Grignard reagents
To a stirred solution of bicyclic compound (7a, 7b, 10a, 10b)"* in THF (10 mL) was added dropwise a
ard reagent (3 equiv). After being stirred at 10-20°C for 2 d, the reaction mixture was

olution Jrign cagent (5 equ
quenched with water and the organic solution was decanted from the insoluble solid. The residue was extracted
with ether {2 x 10 ml), then the organic extracts were combined, dried over anhydrous Na,SO, and
concentrated on a rotary evaporator to give a crude product or a diastereomeric mixture of 2,6-disubstituted
piperidine derivative (12a, 13, 16, 18a, 18b, 19a, 19b, 20b, 24, 27). The crude product or diastereomeric
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requisite compound in purity.

(28,68, 1'R)-N-(2-Hydroxy-1-phenylethyl)-2-methyl-6-phenylpiperidine (12a)

A 3 mol/l. solution of methylmagnesium bromide in THF was added to 7a to give a diastereomeric
mixture (97:3) of 12a+12b in 94% yield. Separation by column chromatography on silica gel with CH,Cl,—
MeOH (50:1) gave 12a and 12b. Major product: 12a, colorless crystals (from hexane), mp 77-78 °C. [a]*,
-162.8 (¢ 1.13, CHCL). '"H NMR & 1.26-1.48 (m, 3 H), 1.27 (d, 3 H, J= 6.4 Hz), 1.60-1.76 (m, 3 H),
1), 3.46 (brs, 1 H), 3.52(dd, | H, J=2.5,6.3Hz), 3.86 (t, 1 H, J = 7.2 Hz), 3.93-4.04 (m, 2

VR S, 2 1R, 2.4 2 e ARLyy L0V (L R 23y 7 ode RREJ As2ay &

H),72 ~7.47 (m, 10 H). "C NMR 8 21.18, 23.83, 32.40, 35.20, 50.48, 61.76, 62.03, 64.82, 127.17,

127.39, 127.82, 128.13, 128.64, 128.77, 136.99, 145.16. EIMS m/z (relative intensity): 295 [1‘v‘1] (3), 264 [M
— CH,OH]J* (100). IR (CHCL,): 3440 (OH) cm™. Anal. Caled for C,oH,,NO: C, 81.31; H, 8.53; N, 4.74.

Found: C, 81.43; H, 8.66; N, 4.78.

(2R,6R, 1'R)-N-(2-Hydroxy- 1-phenylethyl)-2-methyl-6-phenylpiperidine (1 3)
A 1 mol/L solution of phenylmagnesium bromide in THF was added to 7b to give a singlc diastereomer of

} +49.7 (¢ 1.15, (*H(‘H‘HNMRS],Q 1_.8(m;6H_).L23{d.3H_J=
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(2S,6R, 1'R)-N-(2-Hydroxy-1-phenylethyl)-2-methyl-6-phenylpiperidine (1 6)
A 3 mol/L solution of methylmagnesium bromide in THF was added to 10a to give a diastereomeric

mixture (7:93) of 13+16 in 86% yield. Separation by column chromatography on silica gel with CH,Cl,~

MeOH (50:1) gave 13 and 16. Major product: 16, colorless oil. [a]**, —92.2 (¢ 1.31, CHCL). 'H NMR §
1.18-1.31(m, 2H), 1.29(d, 3H. J=6.9Hz), 1.49-1.75(m, 4 H), 2.38 (brs, 1 H). 3.34 (m. 1 H) 3.5
1.18-1.31 (m, 2H), 1.29(d, 3H, J = 6.9 Hz), 1.49-1.75 (m, 4 H), 2.38 (br s, 1 H), 3.34 (m, 1 H), 3.54
frv THNY 2 Q2 2 Q22 /(e 270N ANQ (e d 1T T_Q QOLIx 7 7927 AA e 1N 1IN 137 NIRMD 8 12 4AQ 2N 11
11, 111}, J.007J. 70\, 4 11), F. L7\ \UV1 U, 111,J=—0.711L), .97 7.9% 1, 1V 11). L INIVIIN U 10.%0, LV. 11,

29.96, 30.28, 47.79, 57.38, 60.68, 60.78, 126.94, 127.21, 128.19, 128.24, 128.48, 128.68, 140. 77

143.17. EIMS m/z (reiative intensity): 295 [M]" (3), 264 [M - CH UH]Y (100). IR (LHLI ): 3390 (OH) cm’
Anal. Caled for C,,H,NO: C, 81.31; H, 8.53; N, 4.74. Found: C, 81.17; H, 8.53; N, 4.58.

(2R,6S,1'R)- and (25,6S,1'R)-N-(2-Hydroxy-1-phenylethyl)-2-ethyl-6-methylpiperidine (18a and 18b)

A 1 mol/L solution of ethylmagnesium bromide in THF was added to 10b to give a diastereomeric mixture
(53:47) of 18a+18b in 93% yield. Separation by column chromatography on silica gel with CH,Cl,-MeOH
(50:1) gave 18a and 18b. Major product: 18a, colorless oil. [a]**, —18.8 (¢ 1.09, CHCI,). '"H NMR 8 0.73 (t,

= 3] 37
IH J=74H2). 1.13(d. 3H. J=69H2). 1.22-1.72(m R ). 2.68 (m ]”\704”‘\[: 1H) 3.16 (m, 1
20, s, 1 S8y 2 IR, I =0 L), LalTa AL, O AR, LU0 UN, 220, £.T9R0 1) 9 A,
TIY 2 772 /A4 1T T8 A& INAHA 2 QA AA 1 11 T - TA& 1IN0 AT AN (A4 1T H F— 8 & 7 A& L)
nj, >3.;7\WG, 1 11, yJ= 3.0, v ), s5.00QG, 1 1, v= 7.0, 1.y nZy, +ul \lq, 1 11, v = 5.9, 7.0 11Z),
7.24-7.34 (m, 5 H). "C NMR § 11.90, 15.80, 20.66, 26.10, 27.54, 30.43, 47.65, 58.27, 61.83, 65.93,
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127.47, 128.29, 128.38, 140.20. EIMS m/ (relative intensity): 247 {M]" (3), 216 [M - CH,OHJ" (44). IR
(CHCI,): 3420 (OH) cm™'. Anal. Calcd for C,(H,;NO: C, 77.68; H, 10.19; N, 5.66. Found: C, 77.71; H,

10.30; N, 5.68. Minor product: 18b, colorless oil. [a]**, =19.9 (¢ 1.27, CHCL,). '"H NMR §0.77-1.12 (m, 4
H), 095, 3H,J/=7.4Hz), 1.27(d, 3H, J=6.9Hz), 1.31-1.77 (m, 4 H), 2.99 (in, 1 H), 3.33 (m, 1 H),
3.46(dd, | H, J=5.6, 10.4 Hz), 3.86 (t, 1 H, J=10.4 Hz), 4.20(dd, 1 H, /= 5.6, 10.4 Hz), 7.24-7.39 (m,
5 H). "*C NMR § 11.83, 20.20, 20.60, 25.48, 25.93, 29.90, 48.52, 54.10, 58.96, 60.33, 127.47, 128.29,
129.17, 141.20. EIMS m/z (relative intensity): 247 [M]* (9), 216 [M — CH,OHJ" (100). IR (CHCL,): 3430
(OH) em™. Anal. Calcd for C,;H,.NO: C, 77.68; H, 10.19; N, 5.66. Found: C, 77.66; H, 10.26; N, 5.50.

(25.6S,1'R)- and (2R,6S,1'R)-N-(2-Hydroxy-1-phenylethyl)-2-ethenyl-6-methylpiperidine (19a and 19b)

A 1 mol/LL solution of vinyimagnesium bromide in THF was added to 10b to give a diastereomeric
mixture (24:76) of 19a+19b in 94% yield. Separation by column chromatography on silica gel with CH,Cl,—
EtOAc (5:1) gave 19a and 19b. Major product: 19b, colorless oil. [a]**, —20.2 (¢ 1.30, CHCL,). '"H NMR &
1.08-1.34 (m, 4 H), 1.21 (d, 3H, J = 6.8 Hz), 1.42-1.51 (m, 2 H), 2.85 (br s, 1 H), 3.30 (m, 1 H), 3.66
(dd, 1 H, J=6.1, 10.6 Hz), 3.70 (m, 1 H), 3.89 (dd, 1 H, J=9.1, 10.6 Hz), 4.24 (dd, 1 H, J= 6.1, 9.1 Hz),
5.13-5.20 (m, 2 H), 6.07 (ddd, 1 H, J=5.9, 9.4, 11.2 Hz), 7.23-7.38 (m, 5 H). ''C NMR § 19.62, 19.74,

28.57, 30.84, 48.46, 55.45, 60.42, 61.34, 115.21, 127.32, 128.25, 128.91, 140.79, 141.01. EIMS m/z

C,GH,,‘W‘ G, 78 32,H 9.45;N, 5 7'. Found: C, 78 07,”, 9.53;N, 5.49 Mino rproduc! 19a, colorless oil.
[0, =71.9 (c 1.05, CHClL,). 'H NMR 8 1.06 (d, 3 H, J = 6.3 Hz), 1.20-1.69 (m, 6 H), 2.61 (m, 1 H),
3.20(brs, 1 H), 3.44(dt, 1 H, J=2.6,8.9Hz), 3.75(dd, 1 H, /=6.3, 10.1 Hz), 3.92 (, 1 H, /= 10.1 Ha),
4.44 (dd, 1 H, /=6.3, 10.1 Hz), 5.10-5.22 (m, 2 H), 5.87 (ddd, 1 H, J= 8.9, 10.1, 17.3 Hz), 7.24-7.38

(m, 5 H). C NMR § 21.45, 21.94, 29.65, 33.77, 34.57, 51.33, 61.89, 64.75, 115.67, 127.17, 128.09,
128.14, 138.49, 142.65. EIMS m/z (relative intensity): 245 [M]* (3), 214 [M — CH,OH]* (100). IR (CHCI,):
3420 (OH) cm'. Anal. Calcd for C,(H,,NO: C, 78.32; H, 9.45; N, 5.71. Found: C, 77.98; H, 9.63; N, 5.52.

(2R,65,1'R)-N-(2-Hydroxy-1-phenylethyl)-2-ethynyl-6-methylpiperidine (20b)

A 0.5 mol/L solution of ethyvnylmagnesium bromide in THF was added to 10b to give a diastereomeric

-}
0
~J
. e&
<
=
D
(o)
(=N G

4.26—4.67 (m, 3 H), 7.22-7.45 (m, 5 H). PC NMR 6 20.° .
61.38, 73.24, 85.61, 126.86, 128.13, 128.22, 140.95. EIMS m/z (relative intensity): 243 [M]" (4), 212 [M -
CH,OH]" (100). IR (CHCL,): 3400 (OH), 3300 (C=CH) cm™'. Anal. Calced for C,;H, NO: C, 78.97; H, 8.70;
N, 5.76. Found: C, 78.79; H, 8.56; N, 5.69.

(2R,6S,1 'R)-N-( 2-Hydroxy-1 -phenylethyl )-2-methyl-6-undecylpiperidine (2 4)
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i H), 2.95(brs, 1 H), 3.01 (m, 1 H), 3.70{(dd, i H, /=5.5, 10.4 Hz), 3.79 {dd, 1 H, /= 7.3, 10.4 Hz),
4.00 (dd, 1 H, J=5.5, 7.3 Hz), 7.26=7.33 (m, 5 H). *C NMR § 14.09, 15.66, 20.10, 22.66, 26.20, 28.13,
29.33, 29.62 (4 C), 29.86, 31.14, 31.89, 34.27, 50.59, 53.07, 61.76, 65.14, 127.47, 128.28, 128.43,

139.90. EIMS m/z (relative intensity): 373 [M]* (7), 342 [M — CH,OHJ" (79). IR (CHCl,): 3400 (OH) cm .
Anal. Calcd for C,;H,,NO: C, 80.37; H, 11.60; N, 3.75. Found: C, 80.19; H, 11.75; N, 3.62.

(2S,6R, 1'R)-N-(2-Hydroxy-1-phenylethyl)-2-methyl-6-undecylpiperidine (27)
A solution of readily available undecylmagnesium bromide in THF was added
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. br s, 10 H),
2.74 (m, 1 H), 3.16 (m, 1 H), 3.72(dd, 1 H, J=5.5, 10.4 Hz), 3.83 (dd, 1 H, J , 10.4 Hz), 3.99 (dd, 1
H, J=5.5, 7.3 Hz), 7.25-7.33 (m, 5 H). *C NMR § 14.11, 15.71, 20.47, 22.67, 27.78, 28.14, 29.34,
29.59 (2 C), 29.63 (2 C), 29.82, 30.46, 31.90, 33.42, 47.82, 56.82, 61.89, 66.02, 127.53, 128.32, 128.46,
140.06. EIMS m/z (relative intensity): 373 [M]" (5), 342 [M — CH,OH]" (22). IR (CHC],): 3400 (OH) cm ',
HRMS Calcd for C,;H,,NO: 373.3347. Found: 373.3354.

1
A N o= N
b-;

(2S,6S5)-2-Methyl-6-phenylpiperidine (2 1)
£ 1

e
alition of 1%2a in MeOH (10 m
AP S . v A 4ol 68 v

A solution in MeOH (10 mL) was hydrogenated under 1 atm pressure of hydrogen with palladium
hedeavida ~a I {Dan-l * Terot) e 17 A £ 1. 1 A th Ja Calit
nyaroxiage on caroon (r man atalyst) at rt 1or 12 n. Aiter tne Cataiyst was removea tnrougn Leiile

al tha

CLIC, Ui
1
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)
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organic solution was concentrated in vacuo to give a pale yellow oil. Filtration through silica gel with CH,Cl,
MeOH (20:1) gave piperidine 21 as a colorless oil in 97% yield. [a]*°, =35.6 (¢ 1.38, CHCL,). 'HNMR 3 1.11
{(d, 3H,J=6.3Hz), 1.17 (m, 1 H), 1.38-1.91 (m, 6 H), 2.81 (m, 1 H), 3.66 (dd, 1 H, J = 2.6, 10.6 Hz),
7.20~7.40 (m, 5 H). "*C NMR § 23.01, 25.33, 33.78, 34.18, 53.15, 62.44, 126.68, 126.92, 128.28, 145.42.
EIMS m/z (relative intensity): 175 [M]" (43), 160 [M - CH,]* (100). HRMS Calcd for C,;H,,NO: 175.1361.
Found: 175.1344.

(2R,6R)-2-Methyl-6-phenylpiperidine (22)
A solution of 13 in MeOH (10 mL) was hydrogenated under 1 atm pressure of hydrogen with palladium
hydroxide on carbon (Pearlman’s catalyst) at rt for 12 h. After the catalyst was removed through Celite, the

organic solution was concentrated in vacuo to give a pale yellow oil. Filtration mroug‘n silica gel with CH,C
MeOH (20.1) gave the secondary amine 22 as a colorless oil in 85% yield. [a]™}, I.
NMR&1.11(d, 3H, J=6,3Hz), 1.17 (m, 1 H), 1.38-1.91 (m, 6 H), 2.81 (m, lH) 3.65 (dd, 1 H,
10.5 Hz), 7.20-7.39 (m, 5 H). '*C NMR § 23.01, 25.32, 33.76, 34.16, 53.15, 62.44, 126.68, 126.93,
128.29, 145.40. EIMS m/z (relative intensity): 175 [M]* (42), 160 [M — CH,]" (100). HRMS Calcd for
C,H,;NO: 175.1361. Found: 175.1371.

(2S,6R)-2-Methyl-6-phenylpiperidine (2 3)
To a solution of 16 in glacial acetic acid (10 mL) was added lead tetraacetate (1.5 equivalent). After the
reaction mixture was stirred at 60°C for 14 h, it was quenched with the addition of water (20 mL) and 1 N

h

sodium hydroxide solution (40 mL), respectively. The resulted basic mixture was extracted with ether (3 x 15
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mL), the organic exiracts were combined and concentrated in vacuo to give a yeliow oil. The crude oil was
subjected to column chromatography on silica gel with CH,Cl,~MeOH (20:1) to give 23 as a colorless oil in
68% yield. [0]*°, +33.4 (¢ 1.25, CHCL,). 'HNMR 8 1.21 (d, 3H, J= 6.6 Hz), 1.40 (m, 1 H), 1.56—1.87 (m,
6H), 3.29 (m, 1 H), 4.04 (dd, 1 H, J=3.7, 7.5 Hz), 7.18-7.39 (m, 5 H). C NMR § 19.77, 19.90, 31.28,
33.27, 47.24, 54.10, 126.60, 126.68, 128.28, 145.05. EIMS m/; (relative intensity): 175 [M]" (36), 160 [M -
CH,J' (100). HRMS Calcd for C, H,,NO: 175.1361. Found: 175.1360.

(2S 6R 1I'R)Y-N-(2-Hvdroxv-1-nhenviethvl)-2-methvl-6-1{E)-undec-3-en-1-vnvlInineridine (2 §)

(23,0K, 'K)-N-{2-Hydroxy-1-pnenyiethyi)-2-metnyl-0-[{ I )}-undec-3-en-1-ynyi [piperidine (£ 3)
A a ctirra, cnltinn AfF (IN_1_5AAA_ 1 _ nanana (1 77 o 70 mmall and tatralicftrminhanulnhacnhina).
AU A JSUlivAl DUIUUIULIL UL \Lt} LTRUUUT 1 LIV \l. ' 5, 5. lll.llul} aLivg wum‘ul l!\/ll]lylluayllulv}

palladium (400 mg, 0.346 mmol) in pyrrolidine (5 mL), under an argon atmosphere, was added a solution of
20b (i.42 g, 5.84 mmoi) in pyrroiidine (5 mL). After stirring at rt for i2 h, the mixture was hydroiyzed with a
saturated aqueous solution of ammonium chloride and extracted with ether. The organic extract was dried over
anhydrous Na,SO, and concentrated on a rotary evaporator. Filtration through silica gel with hexane—EtOAc
(10:1) gave 25 as a pale yellow oil (1.88 g, 88%). [a]*';, +213.8 (¢ 1.28, CHCl,). 'HNMR 8 0.89 (t, 3H, J =
6.9Hz), 1.20(d, 3H, J=6.4 Hz), 1.19-1.62 (m, 8 H), 1.28 (br s, 8 H), 1.76 (m, 1 H), 2.03 (br s, 1 H),
2.10 (m, 1 H), 3.35(m, 1 H), 3.76 (m, 1 H), 4.25-4.36 (m, 3 H), 5.51 (ddd, 1 H, J= 1.6, 3.3, 15.8 Hz),

6.14 (dt, 1 H, J=17.0, 15.8 Hz), 7.21-7.36 (m, 3 H), 7.44 (d, 2 H, J = 7.4 Hz). *C NMR § 14.04, 20.95,
21.26, 22.60, 28 .66, 29.07, 29.08, 31.72, 32.06, 33.02, 36,19, 46 26, 50.45, 61.17, 61.50, 84.33, 89.16,
108.99, 126.75, 128.13, 128.17, 141.02, 144.47. EIMS m/z (relative intensity): 367 [M]" (1), 336 [M -
CH,OHT" (100). IR (CHCI,): 3410 (OH) cm™'. Anal. Calcd for C,;H;;NO: C, 81.69; H, 10.15; N, 3.81.
Found: C, 81.52; H, 10.18; N, 3.75.

(28,68, 1'R)-N-(2-Hydroxy- 1-phenylethyl)-2-methyl-6-undecylpiperidine (2 6)

A solution of 25 (0.40 g, 1.088 mmol) in benzene (10 mL) and glacial acetic acid (0.02 mL) was
hydrogenated under | atm pressure of hydrogen with platinum oxide catalyst (15 mg) at rt for 3 h. After the
catalyst was removed through Celite, the organic solution was concentrated on a rotary evaporator to give a pale

yellow oil. Purification by column chromatography on silica gel with hexane—-EtOAc (10:1) gave 26 as a

colorless oil (0.38 ¢. 93%). [aP** . —1.5 (¢ 1.52. CHCL). 'H NMR d0.72-1.12(m 4H). 088 (t. 3H. J=6.7
COMONCSS O V.28 B, 7270). (U] p—1.2 W0 1o, L), 11 iR =1 m, a0, ves,on, Jj=0./4
H2y 1 141 74 (m 17HY 1224 T H JT—FAT7TH 1727 10THTY 2N0A 7 THY 229 (m 1 HY 2 A2 (34
2y, 1.19—1. 75\, 1201y, 1.3, 311, = 0.7 11L), 1.40\S, 1V L1}, 3.0 ([0}, 1 11), 5.04 (100, 1 11y, 3.95 144G,
11T '_:: TN A TT_ Y OL /s 1T Ir '__lf\ A ¥TT__\ A 10 7313 1 IX 1 F- -4 1My A TT_N\ T YL T A Lo £ YTEN l}r‘
I, Jd= 0.3, 1U.4117), 3.82 (L, 1 11,y = 10U.41Z), 4.10{04, 1 11, Jy=23.J, 1U.4 ), 1.4 f.34(m, o). w

NMR & 14.10, 20.27, 20.66, 22.67, 26.37, 27.43, 29.34, 29.66 (4 C), 29.89 (2 C), 31.90, 33.02, 48.50,
52.50, 58.96, 60.32, 127.48, 128.31, 129.21, 141.29. EIMS m/z (relative intensity): 373 [M]" (8), 342 [M —
CH,OH]" (45). IR (CHCL,): 3400 (OH) cm™'. Anal. Calcd for C,H,,NO: C, 80.37; H, 11.60; N, 3.75. Found:
C, 80.28; H, 11.60; N, 3.62.

(2R,6S8)-(—)-Isosolenopsin A hydrochloride (3a-HCI)
To a solution of 24 in MeOH (10 mL) was added 5% palladium on carbon, an
h

LTS S P U SN S w1 ~ el i

insoluble part was separated and recrystaliized from CH,Cl,—ether to give (—)-isosolenopsin A )
(3a- HCI) as colorless crystals in 82% yield, mp 152—153 C. [ot]**, +#10.0 (¢ 1.1, CHCL,). 'H NMR § 0.88 (t,
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s -y 10 ¥TYN 1 A

3H, j=6.7 Hz), .24 (brs, i8 H), 1.58 (d, 3H, /=6.7 Hz), 1.64 (brs, 3 ﬁ) 1.7 9 (m (m,
i H), 2.89 (m, 1 H), 3.07 (m, 1 H), 9.06 (br s, 1 H), 9.44 (brs, 1 H). C NMR 12 22.68, 23.11,
24.89, 26.00, 29.35, 29.60 (3 C), 29.66, 29.84, 31.91, 32.28, 34.44, 37.46, 52.48, 57.14. EIMS m/;

(relative intensity): 253 [M]" (18), 238 [M — CH,]" (61).
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(2S,6R)-(+)-1sosolenopsin A hydrochloride (3b-HCI)
To a solution of 27 in MeOH (10 mL) was added 5% palladium on carbon, and hydrogenated under 1 atm
re

ure of hydrogen at rt for 12 h. After work-up and recrystallization
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yield, mp 152—-153 C. [a]

H), 1.57(d, 3H, J=6.7 Hz), 171(br9 3 H), 1.74-1.99 (m, 4 H),
1 H), 9.02 (brs, 1 H), 9.42 (brs, 1 H). "C NMR 8 14.11, 22.68, 2'3‘09, 24.87, 25.99, 29.34, 29.
29.66, 29.83, 31.91, 32.26, 34.42, 37.44, 52.49, 57.14. EIMS m/z (r 1253
— CH,J" (65).
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(25,65)-(+)-Solenopsin A hydrochloride (2b-HCl)
To a solution of 26 in MeOH (10 mL) was added 5% palladium on carbon, and hydrogenated under 1 atm
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32.95, 34.03, 45.79, 50.80. EIMS m/z, (rclatwe mtcnsuy): 253 [M] (9), 238 ﬂ\d— CH3] (72).
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