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THE ABSOLUTE CCNFIGURATION OF BBBBEBASTINE AND THALIDASTrNE 

Musa H. Abu Zarga 
1 
and Maurice Shamma*, 

Qepartmont of Chemistry, The Pennsylvania State UniVeTSity, 

University Park, Pennsylvania 16602 

Optical resoZt!tion of (~)-tetruhy~jatrorrhiaine using f-I-O,O-dZ-~--toZuoyZ-d-tartario 

acid gave rise to (+I-tetrahy~ojatrorrhizZne tgj of high optical purity and of known absolde 
canfiguration. Oxidation of thk enunticmer with lead tetrczacetate, foZtowed by acid hydrolysis, 

furnished aZcohoZs 10 ad 11 in a 211 ratio, whose relative stereochemistry uas established - - 

from their nmr spectra. Iodine oxidation of the major aZoohd 10 led to prwtoberberinium saZt - 
14 which was found to be dextrorotutary. Since berberastine (1) and thaZidastine (2) are akodex- - _ 
troP0tutory, they mLcst possess the same absolute configuration as 14. - 

The quaternary salts berberastine <A) 
2 
and thalidaatine (2j3 occupy a unique position within 

the ambit of the protoberberine alkaloids. They are the only members of this group to be hydro- 

xylated at C-5, and their chirality has remained hitherto unknown. The problem of establishing 

their absolute configuration is magnlfioed by the fact that both compounds were isolated several 

years ago, that they were obtained in small quantities, and more importantly that they tend to 

dehydrate on long standing to the corresponding ring B aromatic dehydroprotoberberinium salts, 

so that neither alkaloid was presently available for further investigation. What was known, 

however, was that both berberastine (1) iodide and thalidastine (2) chloride are dextrorotatory, 

the former exhibiting [u], +1!7* (c 0.06, 90% Etch), and the latter [a]: +138* (MeOH). 

A possible scheme for the elucidation of the stereochemical problem suggested itself from the 

twin facts that we have found that Berberis baluchistanica Ahrendt (Berberidaceae) is a rich source 

of the phenolic protoberberinium salt jatrorrhizine (3). 4 while Umezawa and coworkers have 

established that lead tetraacetate oxidation of the tetrahydroiscquinoline 4, which incorporates 

a phenolic group at a position corresponding to that in jatrorrhizine (3), leads to benzylic 

acetoxylation with fomation of compound 5. 5 

Reduction of jatrorrhizins (31 chloride with sodium borohydrlde provided (+)-tetrahydro- 

jatrorrhizine which was resolved using (-j-0,0-di-p-toluoyl-d_tartarLc acid in ethanol. (+I-Tetra- 

hydrojatrorrhizine (6) was thus obtained, C20H23NO~, 

+294O <c 0.3, CHClg). 

np 205-206o C decomp (CHClg-MeOti), [a]: 

The specific rotation of this enantiomer reflects its high degree of 

optical purity, since it is known that naturally occurring berbine alkaloids of established 

absolute configuration and with similar oxygenation pattern have specific rotations of about the 

same magnitude, although usually of different sign. 6 To cite a few examples, stepholldine (11, 

[ulD -311° (EtOfl); kikemanine (8). [al, -28i'" (CHCl~); and tetrahydropalmatine (g>, [a]D -zZ~O~.~ 

Furthermore, an nmr spectral study of the complexation of the acetate esters of racemic and 
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optically active tetrahydrojatrorrhizine, IZ!~~H~~NO~, mp 143-145' C (MeOH) and 178-17D" C decomp. 

(MeOH), respectively, with the ohirsI shift reagent trls[3-(heptafL.uoropropyLhydroxymethylene)- 

(+I-camphoratoleuropium III indicated that S was of greater than 95$ optical purity.' 

By analogy with the conversion of the simple tetrahydroisoquinoline 4 to the acetoxy deriva- 

tive 5 cited above, oxidation of (+)-tetrahydrojatrorrhizine (6) with lead tetraacetate in glacial 

acetic acid led to a mixture of diasteremeric C-5 monoacetates. Hydrolysis of this mixture 

using 1% hydrochloric acid afforded alcohols 10 and l&, CIOH21N05, - which couLd readily be srpara- 

ted by tic, and were present in a 2:l ratio. The nmr spectrum of the major alcohol s, mp l&3- 

189' C decomp. (MeOH), shoyrs a broad apparent doublet for H-5 at 64.51 (J = 8.5 Hz), and a singlet 

at 66.93 representing ~-4. The lninor alcohol 2, mu 183-L86° C decomp. (MeOH), on the other hand, 

exhibits an nmr spectrum whose H-5 peak appears as a quartet centered relatively downfield at 

64.86 <J = 7.0 Hz snd J' = 4.8 Hz), while the H-4 singlet is found also downfield at 67.13. The 

reason for these downfield! shifts is that in structure 11 H-5 is proximate to the pair of non- - 
bonded electrons on the niitrogen,' and H-4 is similarly close to the pair of electrons on the 

quasi-equatorial alcoholic oxygen at C-5. It is relevant to point out that exactly the same 

spatial and nmr spectral nelationships obtain within the aporphines hydroxylated at the correspond 
I 

Fng c-4 site, one example of which has been summarized in expressions 12 and 13 below. 9 In the - - 

case of the C-4 hydroxylated aporphines, the stereochemical assignments have been further 
10,ll 

confirmed by an x-ray crystallographic analysis. 

With both the relative and absolute stereochemistry of alcohols 10 and 11 firmly established, - - 

the major alcohol 10 was oxidized with iodine in ethanol. - The resulting alcoholic quaternary 

protctberberinium salt 14, C2DH20N051, mp 230-23Z" C decomp. (MeOH), 

[a; 

was found to be dextrorotatory 

+15Z" (c 0.25, MeOH). It must, therefore, possess the same absolute configuration as 

berberastine and thalidastine which can now be represented by stereostructures 1 and 2, - 

respectively. 

Interesting conclusions can be drawn from the above results. The chirality of 1 and z 

corresponds to that for the simple phenethylamine alkaloids hydroxylated at the 8 position such 

as R-(-I-noradrenaline ($1 also known as (-)-arterenol, l2 (-)-ublne (s),13 

ClJ , l4 

(-)-normacromerine 
13,15 

and (-I-longimatiine (18). - 

In a seri.es of in vlpo experiments with labeled precursors, - It has been previously shown 

that berberastine (1) is not derived from berberine and that the C-5 benzylic hydroxyl group is 

generated at an early sta&e of biosynthesis, 
16 

preceding formation of the benzylisoquinoline 

nucleus. It therefore appears as if I-)-noradrenaline Il5) or a close congener must be involved - 

in the blogenesis of the lberbines berberastine (1) and thalidastine Cg), and that the integrity _ 

of the asymmetric center idue to the presence of the benzylic alcohol group is maintained through- 

out. These conclusions qtand in stark contrast to the situation prevailing among the naturally 

occurring C-4 hydroxylatdd aporphines, the majority of which possess the opposite stereochemistry 

17 
at that center. The exact reason for this difference in steremhemlstry between berbines and 

aporphines possessing a 4enzyli.c hydroxyl group in ring B is presently unclear. 
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_1, R = Me 

2,R=H 

d,R=H .- 

5, R = OAC 

10 - 

1, RI = Rg = Me; R2 = R4 = H 

S, RI = R2 = R3 = Me; R4 = H 

2, R, = R, = R3 = R4 = Me 

16 - 
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