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Abstract- Within a stereochemical subgroup of bisbenzyli~oquinolines, 

the sign of the specific rotation is characteristic of that particular 

subgroup. The absolute configuration of tilismosine has been assigned f m  

the first time. 

The bisbenzylisoquinoline alkaloids have been the subject of several recent covering 

different aspects of their structure, chemistry, pharmacology and occurrence. In view of their 

S ~ P U C ~ U T B ~  variety, it has proven useful to classify them m t o  an increasing number of 

on the basis of their oxygenation patterns and the number and nature of the linkages between the 

benzylisoquinoline halves of the molecule. Although the stereochemistry of nearly all these con- 

pounds 1s now known, this aspect of bisbenzylisoquinoline structure has not been incorporated 

into their classification.   he inclusion of a configurational criterion in defining alkaloid 

types c a n  be expected to highlight the similarities and differences between these substances, and 

should facllifate the understanding of biogenetic relationships and the discovery of meaningful 

bioactivity correlations. 

For this purpose,it is convenient to consider major groups of bisbenzylisoquinolines characterized 

only by the location and type of linkage between the monomeric units, and then further subdivide 

these classes according to the absolute configurations of the benzylisoquinoline moieties. Thus, 

the alkaloids with the bonding pattern found in oxyacanthine c a n  all be described as 7*,llt-8*,12: 

dimers, and within this large group the bases with the ( 5 , ~ ) .  (z,?), (:,XI, and (S,R_) configura- 

tions can be placed together forming four stereochemlcal subgroups. Since thalisopine and its 

congeners possess the same ring system a s  myacanthine, they could he conveniently included within 

the oxyacanthine main group. In order to a c c o d s t e  this situation wlthin a unified framework, 

the previously published rules concerning the classification of the bisbenzylisoquinoline alkaloids 

can be supplemented with the statement that: 



In tail-to-tail coupled dimers, the benrylisoquinoline half whose C-12 oxygen atom participates in 

a diaryl ether bridge always constitutes the right hand side of the rno~ecule.~'~ 

According to the foregoing definition, the major groups of known stereochemistry are the following: 

(R' = H or OR). 

* * 
Group 10 -12 

Msgnolarnine 

* * 
croup 11 -12 - 
Cuspidaline group 

a' 

R' 

~roup 7*, 11'-a*, 12' ~roup n * ,11 t *  -7 ,12 t 

Liaacusine group Krukovine 

n*,i~+-s*,iz+ 

Thaligosidine group 
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* t *  t croup 5 ,11 -8 ,12 - 
Thalfinine group 

* t *  t Group 7 ,11  -5 ,12 - 
Thalictine group 

* * 
Group 11 -7 - 
~iensinine group 



8*,11~7',12* 

Cyeleacurine group 

Oroup 8*,12t-8i,12* 

Isochondodendrine group 

RO 

RO 

* * 
GD 12 -8 [7-121 

* t i  * Group 8 ,12 -8 ,12 [ll-71 

Cissampareine-- In~ulanoline group 

Since some confusion exists in the literature concerning the application of the Cahn-Ingald-Prelog 

rules to bisbenzylisoquinolines, it is useful to depict the monomeric units in both configurations, 

in the forms in which they are usually shown when representing dimeric alkaloids. 

(El-configuration 

able I lists all the bisbenzylisoquinollne alkaloids u "hose absolute configuration is known, and a 

few semisynthetic derivatives, with their published specific rotations at 589 MI. This important 

physical property has been determined with widely varying accuracy in several solvents with diffe- 

rent solvsting and hydrogen bonding properties. Solvent polarity may thus lead in some cases to 

large conformations1 changes, making direct comparisons of substances whose [&ID'$ have been mea- 

sured in different media less meaningful. Another complicating factor is that phenolic bisbenzyl- 
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i~~quinolines may incorporate intramolecular hydrogen bonding, especially with a basic nitrogen 

atom, resulting again in conformational changes and thus variations in sign or magnitude of the 

specific rotation. 

TABLE I 

* * 
Type (S.2) 10 -12 

* * 
Type @,R) 11 -12 - 

Northallbrine 

Thalihrine 

Thaliracehine 

Thalirugine 

Thsliruginine 

Thalirugidine 

Thalirabine 

K-Desmethylthalistyline 

Thalistyline chloride 

Methothslistyline diiodide 

[elD Reference 

+I80 EtOH 8 

-48 CHClg 

-139 MeOH 

-94.6 MeOH 

-105 MeOH 

-114 MeOH 

-98 MeOH 

t35 EtOH 

- 85 CHC13 

-78.8 EtOH 

*47 CHC18 

+I10 CHC13 

+I21 MeOH 

r92 MeOH 

+I04 MeOH 

r112  MeOH 

+I42 MeOH 

r151 MeOH 

r146 MeOH 

*I25 MeOH 



Type (R,?) lf -12* 

Berbamunine 4 7  M ~ O H  20 

~ 5 5 . 1  MeZCo 20 

+25.6 pyridine 20 

+25 CHC13 21  

+31 cnc13 21 

* * 
Type (:,g 11 -12 

Grisabine 

Magnoline (grisabutine) 

* t * . t  Type (R,R) 7 ,11 -8 ,1L 

Limacusine +110 CHC13 9 

Dernerarine 

Cyclespeltine ( faralaotr ine)  

Repandine 

?-Methylrepandine 

-162 MeOH-CHC13 23 

-106 CHC13 24 

-104.3 CHC13 25 

-73 CHC13 26 

-108 0 . 1  ~ c 1  26 

-86 CHC13 27 

-9 E ~ O H  28 

-104.9 MeZCO 29 

-71.02 CHClg 29 

-109 ~ e ~ l  18 

-58.5 MeOH 18 

-90 .4  MeOH 30 
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[all, solvent Reference 

* t * t a  Type (//,E) 7 ,11 -8 ,12 

Dimer - 

Coclobine 

N,N'-Bisnoraromoline - - 

Daphnoline (trilobamine) 

Daphnandrine 

Aromoline (thalicrine) 

+I77 1 N HC1 34 

+356.6 H m c  35 

+480 CHCl) 26 

*327 CHCI~ 36 

'249.5 pyridine 37 

+425.3 CHC13 38 

+319 CHC13 39 

477 CHC13 40 

*392 CHC13 23 

+285.6 CHCl3 41 

+333 MeOH 42 

+302 cHcl3 43 

Hornoarornoline (homothalierine) 

Cepharanoline 

Cepharanthine 

sepeerine (ocoteamine) 

Oxyacanthine 

Bsluchistine 

obaberine (g-methyloxyaeanthine) 

* t *  t 
Type (5.R) 7 ,11 -8 ,12 

Thslrugo~amine 

Macolidine 

Mscoline chloride 

-79 CHC13 44,45 

-320 CHC1) 46 

-60.6 MeOH 46 

a Expressions such 86 (R,u) and (I.?) refer to the presence of a n  imino group in the dimer. 



Dilner [uID Solvent Reference - 

* t *  t 
Type (:,!I 8 ,11 -7 ,12 

Atherospermoline 

Fangchinoline 

Penduline 

2-Nortetrandrine 

(+I-Tetrandrine 

Tetrandrine mono-N-2,-oxide - 

Monomethyltetrsndrinium-A chloride 

Monomethyltetrandriniii-B chloride (semisynth.) 

Tetrandrine dimethiodide (semisynthetic) 

cyc1eanorine 

Cycleahornine chloride 

N-Desmethylthalidezine - 

Thalidezine 

Hernandezine (thalicsimine) 

N'-Northslibrunlne - 
Thalibrunine 

(+)-~ortenuipine 

(+I-Tenuipine 

* t * i  Type (5.1) 8 ,11 -7 .12 

CHC13 

CHC13 

CHC13 

CHC13 

CHC13 

CHC13 

MeOH 

MeOH 

MeOH 

CHClg 

CHC13 

MeOH 

CHCIJ 

CHC13 

MeOH 

MeOH 

CHC13 

CHCl 3 

+48 CHC13 62 

+22.6 CHCl 3 63 

+28 CHC13 59,63 

'I 

Type &-on0 or -hydrony ( S , R )  6*, llt-7*, 12+ 

-70 MeOH 59 

-255 MeOH 59 

-125 MeOH 59 



* t *  1 
Type (Z,R_) 8 ,11 -7  ,12 

7-o-Demethylpeinamine 

N-Methyl-7-0-demethylpeinimiie - - 

Peinarnine 

Isothalidezine 

* t *  i 
Type (z,?) 8 ,11 -6 ,12 
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Reference 

CHCl 

0 . 1  N HC1 

CHCl g 

CHClg 

MeOH 

CHCl3 

CHCll 

CHC13 

CHClg 

MeOH 

CHCl 3 

CHC1 g 

MeOH 

CHClg 

CHClg 

CHC13 

CHC1g 

CHCl 

CHCIS 

CHClg 

cHCl3 



* t * t  
Type (5,g) 8 ,11  -5 ,12 

Thaligosidine 

Thalrugosidine 

Thalfoetidine (thslictrinine) 

Thslidasine 

* t *  t  
Type (z,g) 5 , 11  -8 ,12 

Thalfinine 

* t *  t 
Type (2,O 5 ,11 -8 ,12 - 

Thalf ine 

* t *  t  
Type (!,El 5 ,11 -8 ,12  

Epithslfinine (semisynthetic) 

* t *  t  
Typ' ($,E) 7 ,11  -5 ,12 

Thslictine 

Thalrnine 

0-Methylthalmine (semisynthetic) - 

0-Methylthalnine dimethiodide (semisynthetic) - 

2-Ethylthalmine dimethiodide (semisynthetic) 

* t *  t  
Type (!,El 7 ,11 -5 , I 2  

Lauberine 

Dryadodaphnine 

Dryadine 

Solvent - 

MeOH 

MeOH 

CHClg 

MeOH 

EtOH 

MeOH 

EtOH 

MeOH 

CHC13 

CHCl 

MeOH 

CHCl) 

CHClg 

MeOH 

CHCls 

Reference 

18 

76 

77 

78 

79 

80 

79 

80 

81 

82 

83 

83 

83 

75 

84 

84 



HETEROCYCLE, Yo1 14, No 2, 1980 

Dimer - IOl, 

* t *  t (R,R_) 5 ,11 -7 ,12 

Norpanurensine -250 

panuremine -245.6 

* a *  t 
Type (E.5) 5 ,lli -6 ,12 

Nemuarine -42.7 

* t  C t i  i' 
Type (R_,R) 6 ,7 ,I1 -7 ,8 ,12 

Micranthine -221 

0-Methylmicranthine - -208 

N.2-Dimethylmicranthine -230 

* t  % * t  + 
Type(!,?) 6 ,7 ,11-7 ,8 ,12 

Cocsoline +204 

cocsuiine (eferine, trigilletine) +280 

12'-2-Dernethyltrilobine +332 

Trilobine -304 

Isotrilobine (homotrilobine) +293.1 

Tricordatins +247.9 

* t  * Type (b,R_) $,7*,1?-7 ,8 ,12 

1,2-Dehydromicranthine -105 

* t + * t +  Type ( X , ? )  6 ,7 ,11 -7 ,8 ,12 

Dehydrmpateline ,137 

Dehydratelobine ,172 

- P * t  Type (!,I) 6*,$,ll -7 ,8 ,12' 

Trigilletimine -285.7 

Reference 

85 

85 

86 

51 

5 1 

51 

52 

52 

87 

88 

89 

90 

91 

92 

92 

93 



Telobine +I88 

N-Methyltelobine (senisynthetic) - +240 

5-Acetyltelobine (semisynthetic) +I15 

Apateline +270 

N-Methylapateline (semisynthetic) - +212 

:-Methylnorapateline t235 

Gilletine 

cacsu1inine 

* t * t  Type (S,g) 7 , 8  -6 ,7 (11-11) 

Dinklacorine 

O-Acetyldinklscorine (semisynthetic) - 

Dinklacorine methiodide (semisynthetic) 

Nortiliacorine-A (isotiliarine) 

Tiliacorine ' ' 

O-Methyltiliacorine (semisynthetic) - 
0-Acetyltiliacorine (semisynthetic) - 
O-Methyltiliscorine dinethiodide (semisynth.) - 

CHCl g 

CHCls 

CHClg 

CHCl$ 

CHC13 

CHClg 

pyridine 

CHClg 

CHClS 

pyridine 

pyridine 

CHClg 

CHCl j 

CHClS 

MeOH 

CHCIS 

pyridine 

CHC13 

CHClj 

MeOH 

Reference 



* 
Type (!,R) 11 -7 

* 

* t t  * Type (R,!) 8 ,11 -7 .12 

12-?Methyl-(-)-curin= (12'-5ethylcurine) 

Chondrof dine 

* * 
Type (R,:) 8 ,11 -7 ,12 

Chondrocurine ((+>-tubocurine) 

(+)-Tubocurarine chloride 

Chondocursrine iodide 

* t l '  * 
Type (R,!) 8 ,12 -8 ,I2 

IBochondodendrlne (isahebeerine) 
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Solvent Reference 

Me2C0 

Me2C0 

CHC13 

CHCIJ 

MeOH 

0.1 N HC1 

pyridine 

CHC13 

0.1 !! HC1 

0.1 N HC1 

CHC13 

0.1 N "Cl 

"2 0 

'32 0 

pyridine 

+I20 0.1 N HC1 102 

+59 pyridine 103 

-22.50 CHClg 107 

-26.54 MeOH 108 



[a1 D Solvent Reference 

Type (R,R) 8*,12+-8+, 12* (continued) 

MeOH 108 

CHC13 109 

MeOH 108 

+48.6 MeOH 108 

+11.36 E ~ O H  109 

t57.89 MeOH 108 

In spite of the above, several striking regularities are evident from the table. In nearly all the 

configurationally defined subgroups, the optical rotations of the constituent bases have the same 

sign regardless of the solvents in which they were determined, and within a particular subgroup the 

[a] values seem to cluster around low (10-150), moderate (150-300) or large (300-600) values. D 

When the rotations are small, the signs of the specific rotstions within a subgroup of identical 

stereochemistry may be positive andlor negative depending upon the substituents present and the 

solvent used. Indeed, in the (R,RI 11*-7* subgroup the [=ID values are positive in acetone and 
negative in chloroform, even for the same compound, isoliensinine. Sciadenine, the only (g,~) 

8*,lzt-st,12* alkaloid, is levorotatory in pyridine and dextrorotatory in chloroform. These obser- 

vations suggest that the conformations of bisbenzylisoquinolines may be quite sensitive to solvent 
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polarity. Structural changes in a dmer, such as N- or 0-methylation, may also lead to changes in - - 

the preferred conformation in solution which should be particularly noticeable when the [ a ]  values 
- D * * 

are small. This happens when (R,R) 11 -12 (+I-lindoldhanine is N,N1-diaethylsted to a levorota- - - 
* t *  t 

tory d e r i ~ s t i v e , ~ ~  or when (S,S) - - 7 ,11 -5 ,I2 (-)-g-alkylthalmine ethers are converted to their 

* t t  * 
dentrorotatory dirnethiodide~.~~ (R,R) - - 8 .12 -8 ,12 (+)-Isochondodendrine and its g-methyl deri- 

vative (-)-cycleanine may be examples of changes in conformation attributable to the blocking of a 

phenolic hydroxyl. ~otev~rthy also is the fact that isochondodendrine has [alD +59 in pyrid~ne but 

is appreciably sore dentrorotatory (+120) in a n  acidic medium, where it is protonafed. 

Thalisamine 1s a n  alkaloid whose structure has not been clearly In the latest re- 

* t *  t 
it is listed as an (S,S) 8 ,11 -7 ,12 dlrner on the bas15 of a tentative identification of - - 

its - N-methyl derivative as hernandezine (TIC, m).'13 ~ t s  reported specific rotation, however, is 

-138 (CHCl1). If this rotation is correct, it seems unlikely that thalisamine should belong in a 

S Y ~ ~ F O U P  composed of moderately dextrorotatory alkaloids. It is clear, therefore, that the rather 

meager experimental data on this alkaloid must be supplemented before any flnal decision regarding 

its structure can  be reached. I" particular, remeasurement of the specific rotation of thalisarnine 

is warranted. 

t * f 
Calsfatine is the first 6,7,8*, 10,11 ,12-6,7 ,12 bisbenzylisoquinoline to be reported. 114 Due to 

lack of material, it was not possible to determine the configurations of the sodium-liquid ammonia 

cleavage products, but its positive rotation of t280 (CHC13) strongly suggests that it is either a n  

* t *  t 
(5,s) or an (s,s) dimer of the 8 ,11 -7 ,12 group. 

A6 a consequence of the elegant proof of the absolute configurations of tiliacorine and tiliacori- 

nine,'l5 the stereochemistry of nortiliscorine, dinklacorine, and the nortiliacorinines is now 

known. This series is characterized by slnall positive rotations for the (R,?) bases and much high- 

er positive values for the (S,!) dimers. Although tiliarnosine has not been correlated With elther 

of the above two subgroups by chemical or chiroptical means, considering the rigidity of the triply 

linked 7*,8'ba,7' (11-11) dibenzo-p-dioxin - system and the high positive rotation of N-scetyltilia- - 
masine, it is safe to state that its configuration is (S,S): - - 

'H 

Tiliarnosine 
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However. CD curves have been reported for only a few bisbenzylisoquinolines. 
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