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B I S B E N Z Y L I S O Q U I N O L I N E  A L K A L O I D S  

O. N. T o l k a c h e v ,  E .  P .  N a k o v a ,  
and  R .  P .  E v s t i g n e e v a  

UDC 547.944/945 

D i s t r i b u t i o n  in  N a t u r e  

Bisbenzylisoquinoline alkaloids form a large group of natural bases found in plants of the families of 
MeniSpermaceae, Berberidaceae,  Ranunculaeeae, Lauraceae, Annonaceae, Hernandiaceae, Magnoliaceae, and 
Nymphaeaceae. 

At the present  time, more than 150 bisbenzylisoquinoline bases are  known the structure of which includes 
two benzylisoquinoline fragments connected by one, two, or three ether bonds. The number of e ther  bonds and 
the positions which they link are used as c r i t e r ia  for  classifying these alkaloids. As exceptions, compounds 
are  found with a ca rbon-ca rbon  bond between the benzyl residues for example, rodiasine, ocotine, and til iacorine 

In recent years ,  with the development of instrumental methods ofdeterminiug structure,  and also in con- 
nection with the discovery of a ser ies  of active drugs among bisbenzylisoquinoline alkaloids interest in th i s  
class of natural compounds has risen considerably. The list ofb imolecular  e ther  alkaloids (see Table 1) is not 
limited only to bisbenzylisoquinoline bases. It is constantly being supplemented by new types of bases geneti- 
cally connected with them: benzylisoquinoline-aporphine (see the reviews [120-122]), benzylisoquinoline-proa- 
porphine, bishomobenzylisoquinoline, benzylisoquinoline-benzazpine, aporphine-pavine and others (I-VIII). This 
shows that the chemistry of these alkaloids is far  from being exhausted. 

C h e m i c a l  M e t h o d s  o f  S t u d y i n g  t h e  S t r u c t u r e  o f  t h e  

B i s b e n z y  l i s o q u i n o l i n e  A l k a l o i d s  

The chemical methods of determining the structure of bisbenzylisoquinoline alkaloids consist in the c lea-  
vage of the i r  molecules to give simpler fragments of known structure,  which provides a possibility of determin-  
ing the positions of the substituents and of the ether bridges. For  this purpose oxidation, reduction, Hofmann 
degradation, etc., are used. As a rule, phenol-containing alkaloids are  previously protected by O-methylation 
or  O-ethylation, and are then cleaved into simpler fragments. Quaternary ammonium salts can, where neces-  
sary, be converted into te r t ia ry  bases with a yield of 64-84% by heating them with ethanolamine [127] or with 
sodium thiophenolate [105]. 

All-Union Scientific-Research Institute of Medicinal Plants, and M. V. Lomon0sov Moscow Institute of 
Fine Chemical Technology. Translated from Khimiya Prirodnykh Soedinenii, No. 4, pp. 451-484, July-August, 
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This material is protected by copyright registered in the name of  Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. No part I 
o f  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, I 
microfilming, recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $ Z 50. I 

382 



C 
~ O C H  3 

CHo H~DCH: H,~ 

OH 

PAKISTANINE ( I ) [123] 

OCH~ 

NCH3 

OH 
BALUCm~STAI'~bl~E (Ill) [~5] 

u - . 7  ~ C H s  

(--)-MELANTIODINE (Y) [124] 

,~ CH3 
r~-.,.~OuH3 ,'.N ~ ,  

C N 3 ~q-lfi~['- 0 C, 3 H , ~ - h  

"~-J~ 0-""-~ ocNa 
o 

PAKISTANAMINE (]l) [123"[ 

OCH3 N..IOCH3 

STEPINONINE (IV) [80] 
CH30 ~ : 
CH30~N CH~ 

CH~ 0"~'~ CttO 

O'~OCH 3 
OCH z 

HERNANDALINE (VI) [1251 
Cn~ o .rA--y~ ~ 

R O ~ , N C ~ t 3  

Clt 30J'~O " . 
~ OCH 3 

C H 3 0 ~ " ~ ~ O C  H3 
OH 

R=H PENNSYLPAVINE iv,l} [126] 

PL=~H~, PENNSYLPAVOLINE (VIII) 

In the Hofmarm degradation of quaternary ammonium der ivat ives  of alkaloids in the f i r s t  stage of cleavage,  
unsaturated bases  (methines) a re  formed.  Fo r  the bisbenzylisoquinoline bases  it has been shown that both the 
ease and the direct ion of Hofmann cleavage depends on the s t ructure  and s tereoconf igura t ion  of the alkaloid 
molecule.  Bases  of the oxyacanthine se r ies  give a 70-90% yield of optically inactive bisst i lbene der ivat ives  in 
which one double bond has the cis  configuration and the other  the t rans  configuration. Conversely,  bases  of the 
berbamine  (R, S) se r ies  (IX) a re  converted under the conditions of this react ion into bissti lbene derivatives (X) 
with a yield of only • 6-10% [43 ]. 

The cleavage of alkaloids on thei r  react ion with ch loroformic  e s t e r  at room tempera tu re  takes place s imi -  
larly.  However, in this case,  berbamine methyl e ther  fo rms  a chlorine-containing monostilbene diurethane 
(XI ,  l~ = COOC2H5,  X = C1) in which the double bond has the t rans  orientation. Anisoquinol iner ingunsubst i tu ted  

• in position 8 is open to the formation of a chlorine-containing urethane and with occur rence  of a Walden inver -  
sion at Ct,. 

Under the action of hot ethanolic caust ic  potash, no second double bond is formed,  and the halogen is s i m -  
ply replaced by a hydroxy group. The authors concerned explain the impossibili ty of the formation of a second 
double bond under these conditions by the assumption that the react ion centers  in the t ransi t ion state cannot 
adopt an anticoplanar conformation [129]. The Braun cleavage of isotetrandrine (R, S) with cyanogen bromide 
takes place s imi lar ly  with the formation of the bromine-containing stilbene (XI, R = CN, X = Br} [130]. 

The hydroxyurethane (XI, R = C O O C 2 H  5, X = OH} is reduced by lithium tet rahydroaluminate  to the hydroxy-  
stilbene (XI, R = CH 3, X = OH) which is s imi lar  to the methylmethine obtained when the alkaloid is subjected to 
Hofmann degradation. 
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Ozonolys is  of the b i ss t i lbene  methine base  (X) leads to the fo rmat ion  of the s i m p l e r  a ldehyde -g roup-con-  
taining f r a g m e n t  (XII) and (XIII). 

OClls OCii3 ~ 

tsC~  ~'-0 ' x 
,x OR ' " ; 

°ON'oct, H 
I 

CttSN,/ "3 ~ (Cfl3)=Nx. CHO + 

x ~  OCt'ta " ~ 

OP, 
x l g  

The reac t ion  of t e t r andr ine  (XIV, R = CH3) with methyl  ch lo ro fo rma te  t akes  place by a different  route .  
Monodemethylat ion t akes  p lace  without the opening of the isoquinoline ring, and a monoure thane  (XIV, R = COOC~ 
is fo rmed,  and this ,  on alkal ine saponification,  is conver ted  into cyc leanor ine  (XIV, R = H), isolated f r o m  
Cyclea  pe l ta ta  [28]. 

OCli s 
. .L .o;,'~. 

0 ' , " ' ~ ' ~  0 : . - '~ -~ . .  N \ 
L N.. ~ I ~ " H  CI'I, OC=H s -  

OCH~ OCH s 
XlV .: . XVl 

I t  mus t  be  ment ioned that, on ex t rac t ion  f rom plant r aw m a t e r i a l  with methylene  chlor ide,  a lkaloids  of 
this  type a r e  capable  of react ing  with the solvent  to f o r m  ch lo romethy lammonium chlor ides .  Under  these  con -  
dit ions,  t e t r andr ine  f o r m s  a N ' - m o n o q u a t e r n a r y  sal t  (XV), which with po t a s s ium te r t -bu tano la t e  and p r o p a n e -  
thiol  in d imethy lace tamide  at r oom t e m p e r a t u r e  f o r m s  cyc leanor ine  in good yield.  Converse ly ,  when the qua t e r -  
na ry  sa l t  is heated with an ethanolic solution of sodium ethanolate,  the reac t ion  t akes  p lace  by the c l a s s i ca l  
route with the c leavage  of the r ing and the fo rmat ion  of a methine base  of s t ruc tu re  (XVI) [28]. 

The methyla t ion  with d iazomethane in methanol  of the phenolic mono-  and b i squa t e rna ry  sa l t s  of t ubocu ra -  
r ine (XVII, R' = H, R" = CH3), (+)- i so tubocurar ine  (XVII, R' = CH3, R" = I,i), and chondrocura r ine  (XVII, R' = R" = 
CH3) is a lso  accompanied  by the c leavage  of the isoquinoline nucleus containing the qua te rna ry  n i t rogen a tom 
with the fo rmat ion  of the methine b a s e s  (XVIII-XX). Here ,  as  can be seen f r o m  the Scheme,  the d i rec t ion  of the 
reac t ion  depends on the substi tut ion in the isoquinoline nuclei  and the s te reoconf igura t ion  [131]. 
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CH=~I~, r 0 H 

H 0 - ~ ' ~ C ~ o  bl 

oO . 

xvlll X|X XX 

The potassium permanganate oxidation of the benzylisoquinoline bases leads to cleavage of a C-C bond 
with the fo rmat ion  of the co r respond ing  a r o m a t i c  acids  and te t rahydro isoquinol ines .  This  is  the way in which, 
fo r  example ,  the posi t ion of the methoxy group in the benzyl  p a r t  of  the magnolamine  molecule  (XXI, R = H) was  
es tab l i shed  [12]. 

~ 0 ~  
H°C uRO-LLPJ..NCH~ 

eli30 xx, It=H, CHa,~2Hs 

t 
r~Hs O~P.yN CH~ 

0 4-" C~ Hs Oy~yCO~l~f.COzl i 
CH s O ~-~_Pk, O~,~ 

As a n u m b e r  of examples  shows, control led  oxidation with po tass ium pe rmangana te  leads to the c leavage  
of  only one C - C  bond in the isoquinoline nucleus unsubsti tuted in the C-8 posi t ion [132]. This obse rva t ion  has  
p roved  to be  e x t r e m e l y  useful  ia es tabl i sh ing the s t ruc tu re  of bisbenzyl isoquinol ine a lkaloids  such as t i l i acor ine  
[SOL 

By this method it has  been poss ib le  to oxidize O-methyloxyacanth ine  (obaberline) (XXII) to O - m e t h y l b a l u -  
ch is tanamine  (XXIII) with a yield of 3b-~0. Under  these  conditions, oxyacanthine i t se l f  is conver ted  into b a l u c h i s -  
t anamine  with a yield of  only 5% [125]. 

OCH,~ 

OCIt 3 

DCH s ? ~H~OCHs 

CH30 
XXII XXitl 
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The photochemica l  oxidation of i so te t randr ine  (XXIV) f o r m s  the amino alcohol (XXV) and 4 - fo rmylpheny l  
5 - fo rmy l -2 -me thoxypheny l  e the r  (XXVD with y ie lds  of 30% and 50%, r e spec t ive ly  [133]. 

0 CH~ OCH30CH3 
.,L/" OCH~ ~---'.~CH30.~.~,<.. ~ 

L~ j /~ .  _ J 'H  . (CH3)2N, ~ GH~ 0 

~ --0" ~ 0~, I]H~OH xxv CHO 

XXIV D 

OCH~ xxw 

Other  bisbenzyl isoquinol ine  a lkaloids  undergo oxidation s imi la r ly .  I t  is convenient  to isolate  the n i t rogen-  
containing component  in the f o r m  of the t e t r a h y d r e  de r iva t ive  (XXVIII), obtained by the reduct ion of the oxida-  
t ion products ,  as  r epor t ed  fo r  the alkaloid thal ibrunine (XXVID [58]. 

OCH 3 
CH,O .L.OCHo 

OCH~ 
XX'V [I • 

~,hp, 0:~ 

~. 7_n- ~icF. 

CH OCH3 .~ O.~OCH~ 
c e~o 

c~t.~ 
XXVIII 

The oxidation of phenol-containing alkaloids  with p o t a s s i u m  ferrflcyanide leads  not to the c leavage  of 
c a r b o n - c a r b o n  bonds but only to i n t r amolecu l a r  oxidative condensat ions.  On oxidation by this  reagent ,  d / - m a g -  
noline (XXIX) is conver ted  into the phenolic analog of d / -pak i s t anamine  (XXX}. The reac t ion  was  p e r f o r m e d  in 
the p r e sence  of  ammon ium ace ta te  in a n i t rogen a tmosphe re  [134]. 

CH CM 

OH 0 

~IX XY,~ 

In o r d e r  to de t e rmine  the constitution, s t ruc tu re ,  and s te reoconf igura t ion  of the bisbenzyl isoquinol ine 
alkaloids  wide use  i s  made  of the method of c leaving the d ia ry l  e ther  bond with sodium in liquid ammonia .  
Phenol ic  b a s e s  a r e  p rev ious ly  O-methy la ted  or  O-ethyla ted  and a r e  then subjected to reduct ive  c leavage.  In 
the final account ,  two benzyl  te t rahydroisoquinol ine  f r a g m e n t s  of the alkaloid with known s t r u c t u r e s  and confi~ 
u ra t ions  (one phenolic,  and the o ther  nonphenolic), in which the cen te r s  of a s y m m e t r y  r ema in  unaffected,  a r e  
obtained. In some  cases ,  a mix tu re  of s eve ra l  components  is fo rmed ,  and these  can be  sepa ra t ed  c h r o m a t o -  
graphica l ly .  The  method is convenient  because  it p rov ides  the poss ibi l i ty  of de te rmin ing  the configurat ions al 
the c e n t e r s  of a s y m m e t r y  when only smal l  amounts  of the alkaloid a r e  avai lable .  

Since the absolute configurat ion of the l -benzy l te t rahydro i soquino l ines  has  been  de te rmined  accura te ly ,  
the configurat ions of the f r a g m e n t s  can eas i ly  be  de te rmined  by d i r ec t  c o m p a r i s o n  with known samp le s  o r  by 
compar ing  the optical  ro t a to ry  d i spe r s ion  or  c i r c u l a r  d i ch ro i sm curves .  In view of this,  the method ment ion 
m a y  be  r ega rded  as  a method of de te rmin ing  the absolute configurat ions of  the bisbenzyl isoquinol ine  alkaloid 
The l evoro ta to ry  f r a g m e n t s  fo rmed  on degradat ion  co r re spond  to the D or  R configurat ion,  and the dextrorot~ 
to ry  f r a g m e n t s  to the L o r  S conf igura t ion :  
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H" I~0 
(+1-= L-$ 

0 1"13 '%'7 ~ u 
H', 

(--1-- D---- R. 

By this method, O,O-dimethylcurine (XXXI) has been converted into nonphenolic (XXXIT) and phenolic 
(XXHI) bases, both levorotatory. The nonphenolic component was converted by the action of methyl iodide into 
1R-O-methylarmepavine methiodide. The phenolic base was also converted into the latter compound after  
O-methylation and treatment with methyl iodide. Thus, both centers  of asymmetry in curine have the R config- 
uration [135] 

H O ×x,~l 

£ Q CH~ CH N"Y('~YI"2HA -OCH' " 

XXXI xxxI I  

In the determination of the configuration of pheanthine, O,O-dimethylcurine, and O,O-dimethylisochondo- 
dendrine (cycleanine) it was found that the direction of cleavage depends on the solvent used. Thus, for  example, 
in solution in benzene and toluene, pheanthine and O,O-dimethylcurine, on reduction with sodium in liquid am- 
monia, form only R-O-methylarmepavine and l~-O-methylcoclaurine, while in dioxane solution pheauthine is 
reduced to corpaverine and laudanidine, while O,O-dimethylcurine (XXXD gives R-laudanidine, apart from the 
normal  cleavage products. Under the conditions mentioned, O,O-dimethylisochondodendrine forms only 
R-armepavine [136]. This finding considerably broadens the possibilities of the method; for example, the study 
of the minor byproducts of cleavage by sodium in liquid ammonia has enabled the position of the ether  bond in 
thalidasine to be established correct ly  as 8 -5 '  [75]. 

The absolute configurations of the majority of bisbenzylisoquinoline alkaloids given in Table 1 have been 
established by the method of cleavage with sodium in liquid ammonia. With O-methylberbamine as an example, 
it has been shown that the reaction takes place in two stages. After the occurrence of the first  stage of c leav-  
age with the rupture of the 8 - 7  ether  bond, product identified as O-methylberbamunine was isolated [137]. 

It must be observed that the reduction of bisbenzylisoquinoline alkaloids by this method is a process  that 
is in essence the reverse  of'the biosynthetic route of the oxidative coupling of benzylisoquinoline units to form 
bimolecular alkaloids. 

The position of linkage of the diphenyl e ther  bridge in alkaloids of the oxyacanthine-berbamine type at 
C-5 or  C-8 cannot be determined unambiguously by cleavage with sodium in liquid ammonia. To solve this 
problem it has been proposed f i rs t  to ca r ry  out deuterium exchange of the methylated derivative of the alkaloid 
by heating at 120°C for  several days with 3% DC1 in D20 and then to ca r ry  out cleavage with sodium in liquid 
ammonia. It can be seen from the experimental results  that only the protons in ortho positions to methoxy 
groups are  replaced by deuterium, from which it follows that the diphenyl ether  bond is located at C-8 in the 
left-hand half of the oxyacanthine molecule [139]. 

0C~ OGH 3 

,~ -~-~'~'°CII~°CH F]~BH HO O~H~ 0 " '3 D ~ O C t t  3 0 

OH geM3 
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In the de terminat ion  of the s t ruc ture  of the alkaloid ( - ) - b e l a r i n e  (XXXIV), the posi t ion of the diphenyl 
e the r  bond was de termined f rom the position of the deuter ium in the f ragments  a f te r  c leavage with sodium in 
liquid ND 3 [65]. 

.ocH, oct. 
oK i ~  R H O ~  

OCli~ CttaQ 
xxxlv  R=H 

If  the molecule  of a bisbenzylisoquinoline alkaloid contains a diphenylenedioxim link as,  fo r  example,  in 
(+}-isotri lobine (XXXV), it is recommended  to c a r r y  out a two-s tage  reduct ive c leavage [95]. 

OOH3 l)1~i~ 
• liO 0 

O~,H a ,. Ctt z N~ / xxxv, ~ . N ~  

0CH 3 

+ + ti 0 , , ,  Ha~,NHC 
].] C H 3 0 ~  

' C l t 3 0 ~  

0Ctt 3 OGH, 

The c leavage of qua ternary  ammonium salts with sodium in liquid ammonia  is accompanied by the opening 
of the isoquinoline nucleus.  In this  way it has been possible to es tabl ish  a monoquaternary  s t ruc tu re  fo r  the 
alkaloid tubocurar ine .  On c leavage by this method, the diaceta te  of its dhneihyl  e the r  (XXXVI) fo rms  the 
~-phenylethylamine (XXXVID and S-N-methylcoclaur ine  (XXXVHI) [105]. 

G H s O ~  . c H30"I  ,-N 

CH 3"-~ 0~1% 

' ~ H ~ ~ 0 C H ;  (C H3), N""v'~;~ O,Clt~ . 
XXXV| " X X X V I !  

Under s imi l a r  conditions, i so te t randr ine  dimethiodide fo rms  correspondingly  two hydromethines ,  coclau 
f ine  der iva t ives ,  and armepavine  [139]. 

Chemical  methods of degradat ion in combination with spec t ra l  methods give the maximum amount of re-  
quired information, which pe rmi t s  the fine s t ruc tu re  of a compound under  investigation to be establ ished in a 

short  t ime.  
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X-Ray  s t ruc tu ra l  ana lys i s  enables  the spat ia l  s t ruc tu re  of the molecule  of a bisbenzyl isoquinol ine a lka -  
loid a s  a whole to be  de te rmined  as  fo r  example ,  f o r  d - tubocura r ine  chlor ide  [140], and this is imposs ib le  to do 
by o the r  methods.  T h e  conformat ion  of the an t i tumora l  alkaloid t e t r andr ine  has been  studied in the s a m e  way 
[141]. 

Additional information in the choice of alternative structures can be obtained on the basis of biogenetic 
considerations. 

UV and IR S p e c t r a  of the  B i s b e n y l i s o q u i n o l i n e  A l k a l o i d s  

Like the monomeric bases [142], the bisbenzylisoquinoline alkaloids have UV spectra with an absorption 
maximum at ~283 nm (loge 3,7) and a minimum at ~260 nm (loge 3.45). Strong absorption is also observed in 
the 225 nm region. The UV spectra of individual groups of bisbenzylisoquinoline bases differ little. Theunusu- 
al bisbenzylisoquinoline alkaloid repanduline with a spirodienone grouping absorbs at 283 and 326 nm [143]. 

IR spec t ra ,  in combinat ion with o the r  methods,  provide  useful  informat ion on the s t ruc tu re  of b i s b e n z y l -  
isoquinoline alkaloids,  pa r t i cu l a r ly  when they contain c h a r a c t e r i s t i c  functional groupings  such as  carbonyl ,  
hydroxy,  and imino groups .  However ,  in a n u m b e r  of c a s e s  they do not give sufficient informat ion for  the iden-  
t i f icat ion of individual r e p r e s e n t a t i v e s  of b a s e s  of th is  type.  F o r  example ,  the s p e c t r a  of b e r b a m i n e  and o x y a -  
canthine,  which a r e  s t ruc tu ra l  i s o m e r s ,  a r e  indist inguishible f r o m  one ano ther  [144]. 

O p t i c a l  R o t a t o r y  D i s p e r s i o n  a n d  C i r c u l a r  D i c h r o i s m  o f  t h e  

B i  s b e n z y l i s o q u i n o l i n e  A l k a l o i d s  

A complex  Cotton ef fec t  with 3-5 e x t r e m a  in the 300-220 nm region is c h a r a c t e r i s t i c  f o r  the opt ical  r o t a -  
t o ry  d i spe r s ion  (ORD) cu rves  of the bisbenzyl isoquinol ine alkaloids .  In the ma jo r i ty  of them,  a Cotton ef fec t  is 
obse rved  at 290-270 nm and the f i r s t  e x t r e m u m  of a second Cotton ef fec t  at  235 nm.  No rule of  optical  s u p e r -  
posi t ion is obse rved  fo r  them,  since not only the cen t e r s  of a s y m m e t r y  but a l so  the a s s y m e t r y  of the molecule  
a s  a whole cont r ibutes  to the optical  ro ta t ion  [145, 128]. 

The ORD cu rves  of b a s e s  with the S,R configurat ion of the oxyacanthine s e r i e s  (type 1: 8, ~ : 11', 12 - e the r  
bonds) have two pos i t ive  Cotton ef fec ts  s i m i l a r  to the S,S b a s e s  of  the t e t r andr ine  s e r i e s  (type 2: 8, 7' : 12' - e t h e r  
bonds),  and a lso  to the S,R b a s e s  of the cur ine  s e r i e s  (type 3: 7, 11' : 8' ,  12 -e the r  bonds) and d i f fe r  only by the 
ra t io  of the peak  magni tudes ,  t h e i r  va lue  dec rea s ing  in the sequence 2 > 1 > 3. The 1LR b a s e s  of  types  2 and 3 
have ORD cu rves  of the opposite na ture .  In the S,S b a s e s  of type 1 the re  a r e  l ikewise two posi t ive Cotton e f f ec t s ,  
the f i r s t  of  them is p r e sen t  in the negat ive  region with shoulders  at  about 290 and 277 nm; t he r e  a r e  a lso  sma l l  
m a x i m a  and m i n i m a  at about 270 and 250 nm and the f i r s t  e x t r e m u m  of a second large  Cotton ef fec t  is found at  
240 nm. On the o ther  hand, in the R,S b a s e s  of type 2 a smal l  e x t r e m u m  is obse rved  between two main  Cotton 
e f fec t s  of  the s a m e  s ize .  

P r o t o n  M a g n e t i c  R e s o n a n c e  S p e c t r a  o f  t h e  

B i s b e n z y l i s o q u i n o l i n e  A l k a l o i d s  

In the PMR s p e c t r a  of b a s e s  of the N-methy lcoc lau r ine  type and re la ted  compounds,  the pro tons  of the 
methoxy groups  in the 6, 7, and 4' pos i t ions  have chemica l  shif ts  (r)  of 6.45-6.49, 6.23-6.25, and 6.18-6.20 ppm, 
respec t ive ly ,  which has  been  explained on the b a s i s  of a compar i son  with the s p e c t r a  of the  co r respond ing  ethoxy 
de r iva t ives  [146]. The d i f ference  in the posi t ions  of the pro tons  of  the methoxy and ethoxy groups  in the s p e c t r a  
is connected with the d iamagnet ic  anisot ropy of the benzene r ings .  A subst i tuent  at C-8 has a difinite s t e r i c  
e f fec t  on the conformat iona l  posi t ion of the benzene res idue,  which approaches  the me thy l imino  group, causing 
a d iamagnet ic  effect  that  is re f lec ted  in a shift of the s ignals  of the N-methyl  g roups  by 0.1-0.18 ppm. This  is 
a lso  brought  about by a voluminous 7-a lkoxy group, since the influence of subst i tuents  in posi t ions  6 and 4' is 
insignificant.  

The r e su l t s  of a study of the PMR s p e c t r a  of coc laur ine  de r iva t ives  [146, 147] has  shown that  in the t e r t i -  
a r y  and qua te rna ry  b a s e s  conformat ion  a is p r e f e r r e d  in which the benzyl  group is located below the benzene  
ring of the te t rahydroisoquinol ine  pa r t  of the molecule ,  thereby causing an upfield shift of  the signal of the p r o -  
ton at C-8 re la t ive  to the signal of the proton at C-5 by 0.52 ppm and of the signal of the methoxy group at C-7  
in re la t ion  to that at C-6 by 0.32 ppm. Such shif ts  a r e  not obse rved  in the secondary  bases ,  in which c o n f o r m a -  
tion b p redomina te s  [146-148]. 
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Conformations of/-benzyl-l.2,3,4otetrahydroisoquinotine derivatives. 

In the qua te rna ry  bases ,  the two N-methy l  groups  a r e  magnet ica l ly  nonequivalent,  in view of which they 
a p p e a r  in the PMR s p e c t r a  in the f o r m  of well  r eso lved  s ignals  with a d is tance  between the peaks  of  ~ 0.25 ppm. 
The  te t rahydro isoquinol ine  nucleus  in these  compounds has  a ha l f - cha i r  conformat ion  in which the benzyl  g roup  
is quas iequator ia l .  

The rules  found p e r m i t  success fu l  co r r e l a t i ons  to be  made  between the chemica l  shifts  of the known func-  
t ional  g roups  and s t ruc tu re  and s t e r e o e h e m i s t r y  of the bisbenzyl isoquinol ine  alkaloids  [140, 149]. However,  
s t e r eochemica l  deviat ions  a r e  not a lways  accu ra t e ly  predic table .  They re l a t e  main ly  to  the chemica l  shifts  of 
me thoxy  and methyl imino  groups  fo r  a lkaloids  of the oxyacan th ine -be rbamine  group. 

In the repandine-oxyacanth ine  and b e r b a m i n e - t e t r a n d r i n e  types  of  alkaloids,  the s ignals  of the pro tons  of 
the C-4" methoxy groups  a r e  in a weake r  f ield (6.05-6.13 ppm) as  c o m p a r e d  with the m e a n  value  of 6.2 ppm 
(r  scale) f o r  anisole ,  while the s ame  group in the C-7  posi t ion g ives  a signal at 6.80-6.98 ppm, which is e x -  
plained by the influence of the a roma t i c  r ing of the neighboring isoquinoUnenucleus.  The posi t ions  of the s ignals  
of the pro tons  of methoxy groups  at C-6 and C-6 '  v a r y  within enormous ly  wide l imi ts .  While the signal of the 
CB-OCH 3 group is located in a w e a k e r  f ield (6.25 ppm) [150], the signal of a C~, - O C H  3 group is  c lose  to that  of  
the CT-OCH 3 group because  of the screening influence of r ing B and depends on the s te reoconf igura t ion  of the 
molecule. It  is 6.4 ppm when the conf igurat ions  of the a s y m m e t r i c  c en t e r s  a r e  different  and 6.65 ppm when 
they a r e  the same.  In a lkaloids  of the repandine type the s ignals  of  the two methy l imino  groups  fuse into one 
(7.45 ppm), while in b a s e s  of the b e r b a m i n e  type they give two wel l -def ined peaks  at 7.4 and 7.7 ppm. The  up -  
field shift of one signal is  due to the fact  that  one of the methy l  groups  in the alkaloids of the b e r b a m i n e  type is 
c lose  to the a r o m a t i c  r ing of the benzyl  group. 

In molecu les  of the isochondodendrine type,  the s ignals  of the protons  of methoxy g roups  at  C-6 and C-6 '  
a r e  shifted downfield (6°07-6.25 ppm) re la t ive  to the usual  posit ion,  and the s ignals  of methoxy groups  at C-7  
and C-7 '  a r e  found in a s t ronge r  f ield (6.65 ppm}. In the cur ine-chondocur ine  type of molecu les ,  they di f fer  
only slightly f r o m  the i r  n o r m a l  va lues  (6.18-6.65 ppm).  

The NMR spec t rum of tubocura r ine  chlor ide taken in the p r e s e n c e  of NaOD showed the s ignals  of  the 
N - C H  3 and N(CH3) + groups  shifted by 56 Hz, thus conf i rming the monoqua te rna ry  na tu re  of the alkaloid [105]. 

In a lkaloids  with a 5 - 7 '  e the r  bond, because  of the l e s s  s t ra ined  2 1 - m e m b e r e d  m a c r o c y c l i c  r ing the s i g  
na ls  of the pro tons  of the methoxy group at C-7 a r e  c lose  to the i r  n o r m a l  posi t ions,  and both s ignals  of the pro 
tons  at  C-8 and C-8 '  of the isoquinoline f r agmen t  a r e  p r e sen t  in the s t rong field because  of sc reening  by the 
o t h e r  a r o m a t i c  r ings  [151]. 

Additional informat ion  can be obtained by the deu te r ium exchange of protons  adjacent  to the hydroxy 
group in the p r e s e n c e  of acids ,  

M a s s  S p e c t r a  o f  t h e  B i s b e n z y l i s o q u i n o l i n e  A l k a l o i d s  

Much w o r k  has  been c a r r i e d  out on the sys temat i za t ion  of the m a s s  s p e c t r a  of the bisbenzylisoquinolin~ 
a lka lo ids .  F o r / - b e n z y l i s o q u i n o l i n e  der iva t ives ,  it has  been  shown that  in them b e t a - c l e a v a g e  with r e spec t  tc 
the n i t rogen a tom with the e l iminat ion of the benzyl  group and the fo rmat ion  of the s t rong peak of a substitute 
isoquinolinium ion is predominat ing [152, 153]. 

Mass  spectro~r e t ry  has a lso  proved to be a convenient  ins t rument  in the s t ruc tu ra l  study of the b isben 
isoquinoline alkaloids [154-166]. Apar t  f rom the ru les  re la t ing  to a s imple  benzyl isoquinol ines ,  f ea tu res  o f  
fo rmat ion  of f r a g m e n t a r y  ions of low intensity connected with s t ruc tu ra l  c h a r a c t e r i s t i c s  of the a lkaloids  a re  
obse rved  which enable the type of e the r  bond to be deduced. 

Monoether  alkaloids at tached " ta i l  to tail" by a 3 ~ - 4 "  e the r  bond (type A, daur ic ine ,  magnoline,  e t c . )  
b e c a u s e  of the m o s t  favorable  benzyl  c leavage,  give very  weak m o l e c u l a r  ions (0.1%). The s t ronges t  ions a 
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those formed from rings A - B  and C - D  (m/e  206 and 192 for  daurinoline). The subsequent f ragmentat ion of 
these ions takes place to only a small  extent. The splitting off of these rings in the form of neutral  f ragments  
is observed,  but takes place to only a very  small  extent (0.1-0.2~). S te reo isomers  have pract ical ly  identical 

mass  spectra.  

In the mass  spec t ra  of diether  alkaloids of type B, having an additional 8 - 7 '  e ther  bond, intense s ingly-  
charged molecular  ions are  observed (45-100%), but doubly-charged molecular  ions a re  usually very  weak 
(1-3%). The doubly charged ions c ar is ing on double benzyl cleavage are, as a rule, the main  peaks in the s p e c -  
t r a  of alkaloids of this type. 

On the bas is  of the resul ts  of a study of the mass  spec t ra  of deuterated compounds it has been possible  
to determine the mechanisms of f ragmentat ion of the alkaloid molecules  during mass  spec t romet ry  , to elucidate 
the nature of the weak ions, and also to determine the nature and position of the substitutents in the a romat ic  
rings.  

, OClt= 
R OR" 

F F'-'O NR 

~o+N~. [E+F ]fl+" 

OGH, ] 
R'. 

CH= o ~ 0  
_CHsOCH s - R 

i f  R=H 

, OCHs . 

, , ,  

CH R ~+ 
CH s 

d 

Charac te r i s t i c  fo r  ion c is the splitting off of dimethyl e ther  with the format ion of an ion with a dibenzo-1,  
4-dioxin s t ructure  d. If  there  is a hydroxy group in position C-7 of the alkaloid (R" = H), the format ion of d i -  
methyl  e ther  takes place at the expense of the methoxy group at C-6 with subsequent r ea r r angemen t  of the ion 
f into the less strained s t ruc ture  d. No splitting off of dimethyl e ther  is observed for  the ion c with m / e  190 in 
the mass  spec t romet ry  of the alkaloid cepharanthine having a methylenedioxy group in the 6 - 7  position. 

In alkaloids of this type weak but fair ly reproducible ions (2-8~) connected with the splitting out of ring E 
and the formation of the aporphine sys tem q are  also observed,  and this enables the nature of the substituents 
in ring E to be determined.  

OCfl, • .OCli~ 
- . . ~  ..OR . , ~ . . . . o E  

N-"- l _.. J - N ~  
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For  the mass  spec t ra  of the dehydrobisbenzylisoquinoline alkaloids of this ser ies  - fo r  example, s t eb i s -  
imine andepistephanine - one s t rong singly charged molecular  ion (100%), and also the corresponding doubly-  
charged molecu la r  ion (13%) are  charac te r i s t i c  because of hindered benzyl cleavage. 

Alkaloids with three  e ther  bonds (type C), which include trilobine and iostri lobine, undergo a double 
benzyl  cleavage with the format ion of a doubly charged ion x, identical with ion d of the alkaloids of group B, 
and the singly charged ion y, the latter,  unlike the fo rmer ,  undergoing fur ther  fragmentat ion with the loss of 
H ° and Me" 

0 CH~ 

R 
y 

The m a s s  spec t ra  of thalmine and its der ivat ives  with 5 - 7 '  e ther  bonds are  s imi la r  to those of the a lka-  
loids with the 8 - 7 '  e the r  bonds. The direct ion of f ragmentat ion of the main ion o formed on double benzyl c l e a -  
vage of the doubly charged molecu la r  ion depends on the nature of the substi tuents R' and R", which makes  it 
possible to fix the position of the substituents in the isoquinoline nuclei [166]. 

The mass  spec t ra  of thal icberine and of other  alkaloids with a 8 - 6 '  bonds resemble  those of alkaloids of 
type B, except for  the absence of the ions M - 191, M - 192, M - 177, and M - 178. F o r  the alkaloid thalidasine 
with an 8 - 5 '  e ther  bond the loss of r ing E is charac te r i s t i c .  

The mass  spec t ra  of compounds of the isochondodendrine s e r i e s  itype H) and of the curine se r ies  (type I) 
have been considered in a number  of publications [154, 156, 164, 165). Charac te r i s t i c  for them is benzyl  c l e a -  
vage to form the corresponding o" - b "  and a" - c "  f ragments  with migrat ion of a hydrogen ion. When R' = R", 
alkaloids of types  H and I give one ion (100%) in which a" is identical with the ion b",  and the ions a '  and c" are  
i somer ic .  Where the substituents a re  different, the two types of  ions expected a r e  observed.  The ions formed 
on double benzyl cleavage without the migrat ion of hydrogen are  weaker,  being predisposed to fur ther  f r agmen-  
tation. 

C~ 3 0 ~  R'o  O-c"s 

CH3-~~CH ~ 

~ 8 
4- 0 . 

b ° 

0 

CH.~~OocHs" 
C" 
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C H s O ~  
CH30 ~ CHz 

XXXIX  

C H = O ~  

OOCH 3 
XL 

The cleavage of the alkaloid insularine (XXXIX) takes place in the usual way character is t ic  for alkaloids 
of the H-I type [166], Warifteine (XL) differs from the alkaloids considered by the presence of its p-xylyl r e s i -  
due. Since the normal fragmentation pathway is suppressed by the imine bond, the fragment M - CsH 8 forms the 
main peak [115]. 

Biolog!cal Activity of the Bisbenzylisoquinoline Alkaloids 

The main action of quaternary bisbenzylisoquinoline derivatives is expressed in a lowering of the tonus of 
the cross-striated muscles, to the extent of the complete paralysis. They are well known in medicine as muscle 
relaxants, d-Tubocurarine chloride, which has found use in surgical practice, blocks nerve-muscle transfer by 
interacting with the acetylcholine receptors. It causes a weakening of the skeletal musculature and is used to 
supplement narcosis in complex surgical operations, for treating various disturbances of muscular activity, 
and also in psychiatric practice - the shock treatment of schizophrenia [167, 168]. The activity of the bisqua- 
ternary derivatives depends on the type of base, the substituents, and the stereochemistry of the alkaloids. 
For example, chondocurarine chloride is three times more active than d-tubocurarine chloride, and the antipode 
of the latter-/-tubocurarine chloride- is ten times weaker than d-tubocurarine chloride [169-171]. 

Methylation of the phenolic hydroxyls in tubocurarine chloride leads-to an enhancement of the curare activ- 
ity [171, 172] but ethylation or butylation lowers the activity and even leads to its disappearance [172]. The ter- 
tiary bases possess a weak curaremimetic activity or are completely free from it. The tertiary bases tetran- 
drine, cycleanine, thalsimine, dihydrothalsimine hernandezine, thalmine, thalictrinine, and fetidine possess 
antiinflammatory properties, while the majority of compounds are 2-4 times more active than amidopyrine and 
sodium salicylate [173-176]. Replacement of a methyl group attached to a nitrogen atom by an acetyl group 
sharply decreases the activity of such compounds. 

The alkaloids magnoline, magnolamine, and oxyacanthine are characterized by a strong depressive action 
[177-179]. Antitubercular activity has been found for cepharanthine, isotetrandrine, trilobine, and tetradrine 
[180-186], and antitumoral activity in O-methyldauricine, tetrandrine, thalmine, halidasine, cocculinine, phean- 
thine, and other alkaloids [49, 187-191]- 
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