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Abstract: A convenient method for the preparation of (þ)-Solenopsin A 1 (5 steps,

21%) involving regiospecific anodic cyanation of (2)-N-phenyl-2-methylpiperidine

4 is described.
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INTRODUCTION

Solenopsin A 1 together with its cis isomer isosolenopsin A 2 (Fig. 1), are

constituents of nonproteinaceous piperidine alkaloids secreted by the fire

ant Solenopsis invicta.[1] Despite a limited systemic toxicity, these substances,

which are injected by massive stings, have pronounced haemolytic, cytotoxic,
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and histamine-releasing properties.[2] In addition a recent study showed that

isosolenopsin A was a potent and a selective inhibitor of three neuronal nitric

oxide synthase isoforms.[3] These interesting biological properties coupled

with their cis/trans isomerism have made 1 and 2 popular synthetic targets

on which to study new synthetic tools.

Therefore, during the last decade, several enantioselective syntheses of

Solenopsin A were developed which include: ex-chiral pool syntheses, chiral

auxilliary controlled methods, and asymmetric catalytic reactions.[4] In this

context, chiral nonracemic aminonitrile systems were soon recognized as

useful synthetic intermediates for the elaboration of piperidine alkaloids substi-

tuted at both the C-2 and C-6 carbon atoms.[5] A recent study performed in our

laboratory shows clearly that any N-phenyl-2-cyano-6-alkylpiperidines could

be prepared by anodic cyanation of the corresponding N-phenyl-2-alkyl-

piperidine.[6] In the continuation of these studies, we felt that our synthetic

approach would be suitable to exploit the innate chirality of 2-methylpiperidine.

Thus, for an efficient synthesis of (þ)-1, the homochiral (S)-2-methylpiperidine

3 was an obvious starting material.[7] In the present paper we describe a con-

cise synthesis of 1 and 2 that embodies Caubère N-aryl coupling,[8a] anodic

cyanation, and Birch reductive dearomatization as key features.

RESULTS AND DISCUSSION

Our synthetic route (Scheme 1) began with the condensation of the commercially

available (S)-(þ)-2-methylpiperidine 3 with phenyl bromide (1.1 equiv.) in tetra-

hydrofuran (THF) (508C, 16 h) in the presence of a t-BuONa/NaNH2 mixture.[8a]

Under these conditions, (S)-(–)-N-phenyl-2-methylpiperidine 4 was obtained in

84% yield f[a]D, 226.58, (c ¼ 0.30, CHCl3)g.

Chiral capillary gas chromatography gave ee values up to 98%, and we

were pleased to find that no racemization occurred during the coupling

process.[9a] For the synthesis of aminonitrile 5, a range of conditions was

investigated. When the electrolysis [Ep ¼ þ0.75 V/SCE, MeOH, AcOLi

(20 g/l), NaCN (6 equiv.)] was conducted in a divided cell and in connection

with the amount of electricity (2.3–2.5 Faraday per mol) that was consumed

during theses electrolyses, one can assume that a redox reaction between the

nitrogen-centered cation radical and cyanide anions partially occurred.[10]

Figure 1. Chemical structures for (þ)-solenopsin A and (þ)-isosolenopsin A.
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When similar transformations were achieved in an undivided cell, the amount

of electricity was close to the theoretical 2 Faraday per mol process. It seems

likely that using this device, lithium hydroxide is produced at the cathode from

the electrolyte and readily deprotonates the cation radical species. Thus, for

sake of simplicity, the electrolysis of (2)-4 was carried out in an undivided

cell with a glassy carbon electrode as anode and a carbon rod as cathode.

After work-up, the expected cyano adduct, 5, was obtained as a single regioi-

somer (72%). On the other hand, the examination of the 1H NMR spectrum of

5 revealed the presence of a mixture of epimers. In order to determine the

structure of each isomer, separate experiments were undertaken in the

racemic series. In one of these, we observed that treatment of a cis/trans

mixture (30:70) of (+)-5 with a stoichiometric amount of LDA (lithium

diisopropylamide) at 2208C, followed by the subsequent addition of water

onto the resulting anion solution, led to an unexpected trans to cis isomeriza-

tion (.99% de). A further X-ray study performed on (+)-cis-5 revealed that

both the methyl and the cyano groups were axially oriented (Fig. 2).

The incorporation of the requisite n-undecyl side chain was made through

the metallation of the aminonitrile function of 5. The anion formation was

made by treatment at 2788C of a THF solution of a cis/trans mixture

(30:70) of 5 followed by the addition of n-undecylbromide. A 15 h stirring

period at þ58C led to (2)-6 [90%, f[a]D, 29.58, (c ¼ 1.80, CHCl3)g]. It

should be pointed out that no reaction took place when the condensation was

Scheme 1. Reagents and conditions: (a) NaNH2/t-BuOH, C6H5Br, THF, 508C, 16 h,

84%; (b) 22e, 2Hþ, MeOH, NaCN (6 equiv.), 72%; (c) LDA (1.1 equiv.), C11H23Br,

THF, 2788C to rt, 91%; (d) NaBH4 (4 equiv.), EtOH, 15 h, 90%; (e) Li (75 equiv.),

NH3/THF/EtOH (20:10:6), 10% HCl, EtOH, 608C, 15 min, (þ)-1, 45%, (þ)-2, 28%.
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carried out at temperatures below 2208C. The 1H NMR spectrum of (2)-6

revealed the presence of a single adduct and showed H-6 as a multiplet

signal at d ¼ 3.33 with a width at half-height of ca. 20 Hz. Taken together,

these results indicated that the alkylation procedure proceeded with a high

degree of stereoselectivity (.99% de) placing both the alkyl chains in a cis

diequatorial disposition.[6,11] The reductive decyanation of (2)-6 remained

a critical step. In analogy with former investigations, all attempts made to

improve the diastereoselectivity of that transformation were unsuccessful.[6]

However, best yields and reaction rates were obtained upon the exposure of

(2)-6 to NaBH4 in ethanol. Compound 7 was obtained in 90% yield as an

inseparable cis/trans mixture (35:65). The low stereocontrol of this last

step was in agreement with a rapid equilibrium between the two half-chair

conformations A and B (Fig. 3).

Delivery of hydride on A and B (under a stereoelectronically controlled

mode)[12] produced cis- and trans-7, respectively. In contrast to N-Boc[13] or

N-tosyl[14] iminium derivatives, the phenyl group in A does not interfere to a

great extent with the equatorial methyl substituent. As a result, our model is

not susceptible to A1,2 strain and trans-7 was obtained in a moderate 58%

yield. Finally, the cleavage of the N-aryl bond in 7 was carried out through

the reductive dearomatization of the phenyl substituent.[6] For this, 7 was

reduced with Li (75 equiv.) in a NH3/THF/EtOH (20:10:6) mixture. The

unstable dienamine C[15] (Fig. 3) was obtained in nearly quantitative yield,

Figure 2. Oak Ridge Thermal Ellipsoid Plot (ORTEP) drawing of aminonitrile

(+)-cis-5.
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and was subjected without purification to acid hydrolysis (10% HCl, 608C,

EtOH, 15 min). The oily residue was purified by column chromatography

(silica gel, diethyl ether saturated with gaseous NH3). The (2S,6R)-(þ)-

isosolenopsin A 2 f2 . HCl mp 1508C; [a]D, 210.38 (c ¼ 1.74, CHCl3)g; lit.

[4 h] mp 152–1538C; [a]D, 210.18, (c ¼ 1.0, CHCl3)g eluted first, followed

by the more polar trans isomer (2S,6S)-(þ)-solenopsin A 1, which was

isolated in an overall 45% yield from 7. The optical rotation of the hydro-

chloride salt of our synthetic solenopsin A was dextrorotatory and was consis-

tent with that reported in the literature f1 . HCl mp 1488C; [a]D, þ7.48
(c ¼ 1.97, CHCl3)g; lit.[5] mp 1468C; [a]D, þ7.58, (c ¼ 1.3, CHCl3)g.

CONCLUSION

In summary, an efficient process (5 steps, 21%) to (2S,6S)-(þ)-solenopsin A

from the readily available enantiomerically pure (S )-(þ)-2-methylpiperidine

has been developed. Application of a similar strategy to the synthesis of

more complex alkaloids is currently under investigations in our laboratory.

EXPERIMENTAL

General Information

All glassware was oven dried (1208C) over a 24 h period and cooled under an

atmosphere of argon. Tetrahydrofuran (THF) was distilled before use from

Figure 3. Stereochemistry for the hydride addition on minimum systems A and B.

(1)-Solenopsin A 715
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sodium benzophenone ketyl. Lithium acetate dihydrate was purchased from

Acros. Solution of n-butyllithium (1.6 M) was purchased from Acros. Diiso-

propylamine was distilled over KOH pellets and was stored under argon.

Lithium diisopropylamide solutions were prepared prior to use by the

addition of n-butyllithium (2.0 M in THF/heptane) on a THF solution contain-

ing 1.1 equivalent of diisopropylamine, or were purchased from Aldrich and

used without titration. (S)-(þ)-2-methylpiperidine (98% ee) was purchased

from Aldrich and was used as supplied. Tert-butanol was distilled over

CaH2 and was stored under nitrogen. Air sensitive reagents were transferred

by syringe or with a double-ended canula. Purification by column chromato-

graphy was performed using 70–230 Mesh silica gel (Merck). Thin layer

chromatography (TLC) analyses were carried out on alumina sheets

precoated with silica gel 60F254. Rf values are given for guidance. The

NMR spectra were recorded on a Bruker AH 300 Ft spectrometer [300 MHz

(1H) and 75 MHz (13C) or a Brucker DPI 200 FT [200 MHz (1H) and

50 MHz (13C)]. Chemical shifts are expressed in ppm downfield from TMS

where s, d, dd, t, q, and m designate singlet, doublet, doublet of doublets,

triplet, quartet, and multiplets, respectively, and coupling constants are

expressed in Hz. High Resolution Mass Spectra (HRMS) were obtained

with a MAT 311 double focusing instrument at the CRMPO (Centre

Regional de Mesures Physiques de l’Ouest) with a source temperature of

1708C. An ion accelerating potential of 3 kV and ionizing electrons of

70 eV. were used. Analytical capillary gas chromatography was performed

on a VARIAN CP 3380 gas chromatograph equipped with a programmable

temperature control, a flame ionization detector and a CP-Chirasil-Dex CB

column (25 m � 0.25 mm � 0.25mm). Optical rotations ([a]D)were

recorded on a PERKIN polarimeter and were all conducted at 208C.

(2S)-(2)-1-Phenyl-2-methylpiperidine (4)

To a THF (30 mL) suspension of NaNH2 (1.65 g, 42.30 mmol) was added

dropwise (by syringe) 10 mL of THF containing 1.5 mL (1.16 g,

15.70 mmol) of t-BuOH. The resulting mixture was stirred at room tempera-

ture for 1 h under an atmosphere of argon. (S)-(þ)-2-methylpiperidine 3

(1.40 g, 14.11 mmol in 5 mL of THF) and bromobenzene (2.46 g, 1.65 mL,

15.65 mmol) were successively added over a 15 min period. The resulting

solution was stirred at 508C for 16 h and the reaction mixture was quenched

by the addition of an excess of water, and extracted with ether (50 mL � 3).

The combined organic layers were extracted by a 10% HCl solution

(50 mL), which was made basic by the addition of NaOH pellets. The oily

residue was extracted with ether (50 mL � 3) and dried over MgSO4. The

organic phases were concentrated in vacuo and the crude material was purified

by column chromatography (diethyl ether/petroleum ether, 5:95, Rf ¼ 0.50) to

N. Girard et al.716
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afford 4 (2.07 g, 84%) as slightly yellow oil. [a]D
20, 226.58 (c ¼ 0.30 CHCl3).

dH(200 MHz, CDCl3) 1.01 (3 H, d, J ¼ 6.6 Hz), 1.52–1.95 (6 H, m), 2.98

(1 H, td, J ¼ 11.0 and 3.0 Hz), 3.21 (1 H, dm, J ¼ 11.0 Hz), 3.90 (1 H, m),

6.82 (1 H, t, J ¼ 7.2 Hz), 6.94 (2 H, m), 7.24 (2 H, m). dC(50 MHz, CDCl3)

14.38 (CH3), 20.31, 26.62, 32.30, 45.59, 51.92 (CH), 118.15, 119.70, 129.44,

151.90. HRMS calcd. for C12H17N (Mþ) 175.1361, found 175.1369. VPC:

tR ¼ 5.62 min (150–2008C at 58C/min, 98% ee).

(2R,6S)-6-Methyl-1-phenylpiperidine-2-carbonitrile (5)

Compound (2)-4 (1 g, 5.70 mmol) was dissolved in 100 mL of methanol in the

presence of 2 g of lithium acetate and 1.7 g (6 equiv.) of sodium cyanide. The

resulting solution was oxidized at þ0.80 V/SCE in an undivided cell fitted at

a planar vitreous carbon electrode. After the consumption of 1140 coulomb

the electrolysis was stopped. The solution was concentrated under reduced

pressure and the crude material was taken up with water (20 mL) and

extracted with CH2Cl2 (50 mL � 2). The combined organic layers were dried

over MgSO4 and concentrated. The crude reaction mixture was purified by

column chromatography (diethyl ether/petroleum ether, 1:2 to afford 5

(0.820 g, 72%) as a mixture (30:70) of cis/trans isomers. A further purification

on a silica column using diethyl ether/petroleum ether, 10:90 as eluent

(Rf ¼ 0.33), allowed the partial separation of (2R,6S)-5. Capillary gas chroma-

tography analysis indicated that our sample was contaminated (7%) by the cis

derivative. dH(200 MHz, CDCl3) 0.89 (3 H, d, J ¼ 5.90 Hz), 1.23–1.38 (1 H,

m), 1.71–2.01 (5 H, m), 3.29 (1 H, m), 4.12 (1 H, t, J ¼ 3.5 Hz), 7.09–7.33

(5 H, m). dC(50 MHz, CDCl3) 21.37 (CH3), 21.49, 31.45, 34.70, 50.56 (CH),

57.63 (CH), 121.70 (CN), 126.08, 126.43, 129.91, 149.66. HRMS calcd.

for C13H16N2 (Mþ) 200.1313, found 200.1316, VPC: tR ¼ 8.21 min

(150–2008C at 58C/min).

Cis-6-Methyl-1-phenylpiperidine-2-carbonitrile (5)

To a THF solution containing (+)-5 (cis/trans ¼ 30:70, 1.94 g, 9.70 mmol) at

2788C, were added 1.1 equiv. of LDA. The solution was allowed to warm up

to 2208C and was stirred at that temperature for 2 h. An excess (10 mL) of

water was poured onto the resulting solution, which was extracted with

diethyl ether (100 mL � 2). The combined organic layers were dried over

MgSO4 and concentrated in vacuo. The crude material was purified by

column chromatography (diethyl ether/petroleum ether, 10:90, Rf ¼ 0.30)

to yield (+)-cis-5 (1.90 g, 97%) as a slightly yellow viscous oil that solidifies

upon cooling, m. p. ¼ 788C. dH(300 MHz, CDCl3) 1.16 (3 H, d, J ¼ 6.80 Hz),

1.65–1.73 (2 H, m), 1.81–2.02 (3 H, m), 2.05–2.14 (1 H, m), 3.96 (1 H, m),

(1)-Solenopsin A 717
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4.34 (1 H, t, J ¼ 4.45 Hz), 6.93–7.05 (3 H, m), 7.28–7.35 (2 H, m).

dC(75 MHz, CDCl3) 15.93 (CH3), 17.33, 30.12, 31.10, 46.47 (CH), 51.32

(CH), 117.96, 120.70 (CN), 121.46, 129.46, 147.99. HRMS calcd. for

C13H16N2 (Mþ) 200.1314, found 200.1316.

Crystal Data, X-ray Data Collection, and Refinement Results
of (+++++)-cis-(5)

C13H16N2, M ¼ 200.28, monoclinic, space group P21/n, a ¼ 9.360(3),

b ¼ 7.525(2), c ¼ 16.409(6) Å, b ¼ 104.24(1)8, V ¼ 1120.2(6) Å–3, Z ¼ 4,

Dx ¼ 1.188 Mg m–3, l (MoKa) ¼ 0.71073 Å, m ¼ 0.71 cm21, F(000) ¼ 432,

T ¼ 290 K. The sample (plate: 0.40 � 0.35 � 0.35 mm) is studied on a

NONIUS Kappa CCD with graphite monochromatized MoKa radiation. The

cell parameters are obtained with Denzo and Scalepack[16] with 10 frames

(psi rotation: 18 per frame). The data collection[17] (2umax ¼ 548, 129 frames

via 28 omega rotation and 20 s per frame, range HKL: H 0,12 K 0,9 L–

21,20) gives 7390 integrated reflections. The data reduction with Denzo and

Scalepack[16] leads to 2527 independent reflections [1947 with I . 2.0s(I)].

The structure was solved with SIR-97,[18] which reveals all the nonhydrogen

atoms of the compound and the solvent. After anisotropic refinement, the

hydrogen atoms are found with a Fourier difference. The whole structure was

refined with SHELXL97[19] by the full matrix least-square techniques (use of

F square magnitude; x, y, z, bij for C and N atoms and riding mode for H

atoms; 137 variables and 2527 observations with I . 2.0s(I); calc w ¼ 1/[s2

(Fo2)þ (0.176P)2
þ 0.176P] where P ¼ (Fo2

þ 2Fc2)/3 with the resulting

R ¼ 0.044, Rw ¼ 0.116, and Sw ¼ 1.05 (residual Dr , 0.17 eÅ23). Atomic

scattering factors are available from International Tables for X-ray Crystallogra-

phy.[20] The ORTEP views were realized with PLATON98.[21] All the calcu-

lations were performed on a Pentium NT Server computer. Further details of

the crystal structure analysis are available on request from the Cambridge Crys-

tallographic Data Center as supplementary publication no: 241073. Copies of

the data can be obtained free of charge on application to the director CCDC,

12 Union Road, Cambridge CB2 1EZ, UK (Fax: þ44 1223 336033, E-mail:

deposit@ccdc.cam.ac.uk.)

(2R,6S)-(2)-6-Methyl-2-undecyl-1-phenylpiperidine-2-carbonitrile (6)

To a THF solution (15 mL) containing 0.980 mL (0.707 g, 7.0 mmol) of diisopro-

pylamine at 2808C were added (by syringe) 3.1 mL (6.2 mmol) of n-BuLi (2 M).

The solution was stirred at that temperature for 15 min and was allowed to

warmed to 08C over a 30 min period. The resulting LDA solution was transferred

(by syringe) to a THF solution (15 mL) cooled at 2808C containing the

N. Girard et al.718
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aminonitrile 5 (0.82 g, 4.10 mmol, cis/trans mixture, 30 : 70). The solution was

allowed to warm up to 2308C for 1 h and n-bromoundecane (1.64 g, 1.56 mL,

7 mmol) was added dropwise. The reaction mixture was stirred at þ58C for

12 h, diluted with water (100 mL), and extracted with diethyl ether

(100 mL � 2). The oily residue was purified by rapid filtration over a silica

column with diethyl ether/petroleum ether (5:95, Rf ¼ 0.63) to yield (2)-6

(1.32 g, 91%) as a viscous yellow oil. [a]D
20, 29.78 (c ¼ 1.08 CHCl3).

dH(300 MHz, CDCl3) 0.72 (3 H, J ¼ 6.10 Hz), 0.74 (1 H, m), 0.89 (3 H,

J ¼ 6.50 Hz), 1.05–1.50 (21 H, m), 1.62 (1 H, m), 1.80–1.88 (2 H, m), 2.06 (1

H, dm, J ¼ 11.0 Hz), 3.33 (1 H, m), 7.22–7.34 (5 H, m). dC(75 MHz, CDCl3)

14.12, 21.67, 22.23 (CH3), 22.68, 23.84, 29.32, 29.37, 29.42, 29.56, 29.61,

31.90, 34.77, 35.64, 39.42, 54.14 (CH), 62.35, 121.22 (CN), 126.85, 128.72,

129.35, 146.49. HRMS calcd. for C24H38N2 (Mþ) 354.3035, found 354.3060.

2-Methyl-1-phenyl-6-undecylpiperidine (7)

To an ethanol solution (15 mL) of (2)-6 (1.27 g, 3.58 mmol) at room tempera-

ture, 0.545 g (14.40 mmol) of NaBH4 was added. The solution was stirred at

that temperature overnight and the solvent was evaporated. The crude

material was taken-up with water (50 mL) and extracted with diethyl ether

(100 mL � 2). The combined organic portions were dried over MgSO4 and

concentrated to give a crude mixture that was chromatographed on silica

with diethyl ether/petroleum ether (5:95, Rf ¼ 0.4) affording 7 (1.06 g,

90%) as a viscous colorless oil consisting of a mixture of diastereoisomers

(cis/trans ¼ 65:35), as determined by capillary gas chromatography

analysis. dH(300 MHz, CDCl3) 0.84 f3 H (cis isomer), d, J ¼ 6.4 Hzg, 0.90

f6 H (cis and trans isomers), t, J ¼ 6.50 Hzg, 0.97 f3 H (trans isomer), d,

J ¼ 6.20 Hzg, 1.07–1.91 f43 H (cis and trans isomers), mg, 2.93–3.03 f1 H

(cis isomer), mg, 3.05–3.16 f1 H (cis isomer), mg, 3.24–3.31 f1 H (trans

isomer), mg, 3.43–3.53 (1 H (trans isomer), mg, 6.85–7.06 (6 H, m), 7.18–

7.26 (4 H, m). dC(75 MHz, CDCl3) 14.14 (CH3), 17.78 (CH3), 18.37, 21.11,

21.79, 22.70, 26.28, 26.55, 28.44, 29.35, 29.56, 29.63, 29.65, 29.69, 29.78,

30.50, 31.93, 33.56, 33.95, 34.19, 50.56 (CH), 55.29 (CH), 57.03

(CH), 59.53 (CH), 121.51, 122.68, 123.54, 128.21, 128.76, 150.46, 150.82.

HRMS calcd. for C23H39N (Mþ) 329.3082, found 329.3078. VPC:

tR ¼ 23.35 min (cis), tR ¼ 27.46 min (trans) (2008C).

(2S,6S)-(1)-2-Methyl-6-undecylpiperidine (1) and (2S,6R)-(1)-2-

Methyl-6-undecylpiperidine (2)

In a Schlenck tube containing 10 mL of THF at 2408C, 6 mL of absolute

ethanol were added, 0.6 g (1.82 mmol) of 7 (cis/trans ¼ 35:65), and 20 mL

(1)-Solenopsin A 719
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of liquid ammonia in that order. Then, 0.830 g (120 mmol) of lithium wire was

added in small pieces over a 2 h period, the solution then became blue. The

solution was stirred for 1 h and quenched with an excess of water (100 mL).

The ammonia was allowed to evaporate, and the resulting solution was

extracted by diethyl ether (100 mL � 2). The organic layers were dried over

MgSO4 and concentrated to give a mixture of unstable dienamines as

colorless oil. [Selected data only: dH (200 MHz, CDCl3) ¼ 4.81

(d, J ¼ 6 Hz), 4.91 (d, J ¼ 5.60 Hz), 5.26 (m), 5.34 (m), 5.90 (m)]. After

being dissolved in an H2SO4/H2O/EtOH (0.5:5:4.5) mixture, the crude

material was heated at 608C for 15 min. The solvents were evaporated and

the resulting oily residue was dissolved in water (10 mL). The aqueous

mixture was made basic by the addition of NaOH pellets and the aqueous

layer was extracted with diethyl ether (20 mL � 2). The combined organic

extracts were dried over MgSO4 and the solvent was removed at reduced

pressure. The resulting crude oil was purified by column chromatography

with diethyl ether saturated with gaseous ammonia to afford the cis isomer

(þ)-2 (Rf ¼ 0.85, 0.130 g, 28%) and the trans isomer (þ)-1 (Rf ¼ 0.35,

0.210 g, 45%) as pale yellow oils. (2S,6S)-(þ)-solenopsin A 1: dH(300 MHz,

CDCl3) 0.85 (3 H, t, J ¼ 6.95 Hz), 1.04 (3 H, d, J ¼ 6.50 Hz), 1.11–1.66 (27

H, m), 2.81–2.88 (1 H, m), 2.98–3.08 (1 H, m). dC(75 MHz, CDCl3) 14.07

(CH3), 19.56, 21.24 (CH3), 22.66, 26.45, 29.33, 29.61, 29.64, 29.77, 30.80,

31.89, 33.00, 34.07, 45.78 (CH), 50.80 (CH). HRMS calcd. for C17H35N

(Mþ) 253.2769, found 253.2760. VPC: tR ¼ 14.42 min (150–2008C at 58C/
min). (2S,6R)-(þ)-isosolenopsin A 2: dH(300 MHz, CDCl3) 0.87 (3 H, t,

J ¼ 6.05 Hz), 0.94–1.08 (1 H, m), 1.05 (3 H, d, J ¼ 7.0 Hz), 1.12–1.68 (25

H, m), 1.70–1.79 (1 H, m), 2.41–2.51 (1 H, m), 2.55–2.66 (1 H, m).

dC(75 MHz, CDCl3) 14.09 (CH3), 22.67, 23.10 (CH3), 24.88, 25.99, 29.34,

29.60, 29.62, 29.66, 29.84, 31.90, 32.28, 34.44, 37.47, 52.46 (CH), 57.13

(CH). HRMS calcd. for C17H35N (Mþ) 253.2769, found 253.2767. VPC:

tR ¼ 13.55 min (150–2008C at 58C/min).

(2S,6S)-(1)-Solenopsin A Hydrochloride (1) . HCl

The amine 1 (0.210 g, 0.83 mmol) was dissolved in 10 mL of dry diethyl ether

and dry gaseous HCl was bubbled through the solution to precipitate the hydro-

chloride salt (0.240 g, 100%). M. p. 1488C (diethyl ether); lit.[5] 1468C
(CH2Cl2–diethyl ether). [a]D

20, þ7,48 (c ¼ 1.97 CHCl3), lit.[5] [a]D
20, þ7.58

(c ¼ 1.30 CHCl3). dH(300 MHz, CDCl3) 0.83 (3 H, t, J ¼ 6.50 Hz), 1.11–

1.38 (21 H, m), 1.43 (3 H, d, J ¼ 6.60 Hz), 1.50–1.78 (5 H, m), 1.82–20.5

(3 H, m), 3.16–3.31 (1 H, m), 3.41–3.57 (1 H, m), 9.19–9.43 (2 H, s, br).

dC(75 MHz, CDCl3) 14.05 (CH3), 16.81 (CH3), 17.32, 22.62, 25.80, 26.11,

28.85, 29.28, 29.29, 29.45, 29.51, 29.56, 30.67, 31.85, 47.86 (CH), 51.68 (CH).
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(2S,6R)-(1)-Isosolenopsin A Hydrochloride (2) . HCl

The amine 2 (0.130 g, 0.51 mmol) was dissolved in 10 mL of dry diethyl ether

and dry gaseous HCl was bubbled through the solution to precipitate the

hydrochloride salt (0.130 g, 87%). M. p. 1508C (diethyl ether), lit.[4h] 152–

1538C (CH2Cl2–diethyl ether). [a]D
20 –10.38 (c ¼ 1.74 CHCl3), lit.[4h]

[a]D
20, –10.18 (c ¼ 1.0 CHCl3). dH(300 MHz, CDCl3) 0.86 (3 H, t,

J ¼ 6.9 Hz), 1.10–1.50 (21 H, m), 1.56 (3 H, d, J ¼ 6.40 Hz), 1.70–2.03

(5 H, m), 2.06–2.21 (1 H, m), 2.80–2.96 (1 H, m), 2.99–3.14 (1 H, m),

8.95–9.16 (1 H, br), 9.43–9.52 (1 H, br). dC(75 MHz, CDCl3) 14.08 (CH3),

19.45 (CH3), 22.65, 22.90, 25.69, 27.46, 29.31, 29.36, 29.54, 29.61, 30.72,

31.88, 33.23, 54.50 (CH), 58.61 (CH).
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