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Abstract: (-)-Mesembrine 11 was synthesized in 7 steps, in 19.4% overall yield and with ee>95%. The key 
step of the sequence is a stereoselective alkylation reaction of dianion derived from C2 symmetric imidazolines 
allowing efficient formation of quaternary benzylic center. Chiral auxiliaries derived from (S,S)-1,2-diamino- 
1,2-diphenylethane la and (S,S)-l,2-diaminocyclohexane lb were compared. This synthesis provided 
unambiguous correlation of the newly formedstereocenter. © 1998 Published by Elsevier Science Ltd. Allrightsreserved. 
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We recently described I that the intermolecular alkylation of dianions derived from C 2 symmetric 

imidazolines proceeds with high acyclic stereoselectivity and affords quaternary carbon centers 2 by using as 

electrophiles either the particular 9-BBN triflate/THF system 3 or alkyl halides 1. 

ph f - ' , N - R  2) -78°C, 1.1 equiv. E + Ph N . R 
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We wish to report herein our investigation extending this alkylation method to other C2 symmetric 

imidazolines, and providing further synthetic goals. A concise synthesis of the natural isomer of 

mesembrine 11 allowed to establish the configuration of the newly formed stereocenter. 

Although the natural (-)-mesembrine 11 is devoid of significant biological activity, it was selected 

over the years as a favourite target in organic synthesis 4. In fact, the synthesis of this alkaloid, beyond a 

suitable ground to test new methodologies, provides access toward the more complex Sceletittm alkaloids of 

pharmacological interest, such as tazettine, lycoramine or galanthamine 5. 

The key steps of our sequence are (i) the stereoselective creation of the quaternary benzylic center 

and (ii) the hydrolysis of the imidazoline nucleus. Imidazolines, a masked carboxylic function, are indeed 

rather inert towards hydrolysis and this chemical stability probably precluded their wider use in synthesis. A 

mild methodology to overcome this difficulty and transform them to more flexible substrates is a long-time 

desired goal. 
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The starting imidazolines 5a and 5b were prepared in two steps using a classical condensation - 

alkylation sequence. Accordingly, compounds 3a and 3b were obtained by condensation reaction 3,6 of 

iminoether  2 with either the ( S , S ) - l , 2 - d i a m i n o - l , 2 - d i p h e n y l e t h a n e  7 l a  and ( S , S ) - I , 2 -  

diaminocyclohexane 8 lb.  Imidazoline derivatives 3a and 3b, after deprotonation using two equivalents of 

n-butyllithium at -25°C, were alkylated with 1.1 equiv of 4-bromobutene 4 at -5°C to -10°C and afforded 

imidazolines 5a, 5b in high yields after a regioselective side chain alkylation of imidazoline dianion 

intermediates. 

P h ~  NH2 M e O ~ O E t  

Ph laNH2 " ~ O , , " q , , ~ )  2 NH2CI 

~ NH 2 J ' CH2Cl2, Et3N 

v l  NH2 r.t., 24h 

lb 

OMe 
~ _  1) 2.2 eq n-BuLi, 

OMe R THF, -25°C 
- 

2) 1.1 eq 
H B ~  

4 
3a FI=Ph (86%) -5- -10°C, 10 h 
3b R=(CH2) 4 (85%) 

Me 1) 2.2 eq n-BuLi ,  PhSO2~.N/M~/OMe 
OMe THF, -25°C, 15 min 

. .  . \C -O e 
~ N ~ ~ . . ~  2,1.1eq Me RR"~N ~ ' , ,  ~ - 

R H TfO ~ N-.. SO 2 Ph N 
6 H 

-78°C, 12 h 
5a R=Ph (93%) 

6b R=(CH2) 4 (94%) 
7a R=Ph (58%) de= 75% 
7b R=(CH2)4 (70 %) de> 95% 

Dimetalation of 5a and 5b, using two molar equiv, of n-BuLi at -25°C, was performed as described 

previously l. After 15 minutes at this temperature, the reaction medium was cooled to -78°C and the triflate 

derivative 69 was added. After 12 hours at -78°C, quaternary substituted imidazolines 7a and 7h were 

isolated in acceptable yields and in diastereomeric excess of 75% and more than 95% respectively 10. 

For the synthesis of (-)-mesembrine 11, the cyclohexyl derivative 7b was selected. Attempted acidic 

hydrolysis of 7b under "classical" conditions (5N H2SO4, reflux) resulted in the decomposition of the 

product. Although transformation of imidazolines to imidazolidines was reported recently I1 under 

Bouveault-Blanc conditions, 7b stayed inert under these conditions. Nevertheless, the aldehyde 8 was 

obtained in a "one pot" three step sequence. Accordingly, imidazolJne 7b was N-permethylated using an 

excess of methyl iodide under pression in a sealed tube and the resulting imidazolinium derivative was in 

turn reduced with sodium borohydride. Without isolation, the aminal obtained was then converted in good 

overall yield to the desired aldehyde 810 using 0.5N HCI. 
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1) 4 eq Mel, BaO, 
EtNO2, 130°C, 6h. PhSO2-.. N" Me ,OMe PhSO2... N. Me.~..~_~._.OMe PdCl2, CuCl, 0NL~_____~ ~ - 
2) NaBH4, EtOH, ON//7--~ H20-DMF 2:3 OMe 
0-5°C, 30 min OMe O2,45°C, 24h _ 

3) HCI (0.5N), h ~  (69%) H 
0-5°C, 30 min 

8 9 
(77% overall) 

MeO 
PhSO2"~-N. Me ~ " / ~  OMe ( ~ M e  

KOH (aq, 5%) I ,~'~ Li / NH3, THF 
dioxane OMe t-BuOH, -78°C, 
100°C, 18h 30 min 

i .  

(88%) (74 %) ~ q ~ " / ~ O  
1 0  II Me I H 

O 
11 (-)-mesembrine 

The terminal olefin of 8 was subsequently converted to the corresponding methyl ketone 9 l0 under 

Wacker's conditions. The synthesis v,as completed by an intramolecular aldol reaction followed by cleavage 

of the phenylsulphonyl protecting group under Birch conditions, thus affording in situ the desired (-)- 

mesembrine 1112. Beyond the access of the natural product this sequence allowed to establish 

unambiguously the absolute configuration of the quaternary carbon center. 

Perhaps is it pertinent to speculate on the mechanism of the alkylation step. Recent investigations 

from our laboratory I showed that dilithiation occurs on the nitrogen of the cycle and the (z-carbon. 

respectively and give rise a pyramidalized, thus stereogenic, metalled benzylic (carbon) center. The 

formation of such a chiral organolithium compound may be the consequence of either kinetic or 

thermodynamic factors. In the latter case the configuration of the carbometallated benzylic center would be 

determined by an optimal spatial and polar arrangement between the aryl group of the lateral chain, the 

functionalized heterocycle and the (coordinated and/or solvated) metal. The asymmetric induction of the 

alkylation is determined by the configuration of the lithiated benzylic carbon. According to earlier 

observations13 alkylation could proceed with inversion of configuration in the benzylic position with 

regard to the lithium, using non complexing electrophiles 14, as depicted in the scheme. However, the origin 

of the difference of selectivity observed in the alkylation of imidazolines 5a and 5b is difficult to 

rationalise. 
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