
It was shown that the amino acid lysine is a precursor  of aphylline and aphyllidine, and the last  stage of 
the biosynthesis of these alkaloids is connected with the oxidation of pachycarpine and file formation of a lactam 
group. 
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S P A T I A L  S T R U C T U R E  OF C Y C L E A N I N E  

V. I.  S h e i c h e n k o ,  O. P.  S h e i c h e n k o ,  
a n d  O. N. T o l k a c h e v  

UDC 547.944/945 

Analysis of the PMR spectra of cycleanine in CDC13 (INDOR and double-resonance spectra) 
measured at various temperablres  has shown that the cycleanine molecule exists in a stable 
symmetrical  boat-like conformation for the macrocycle in which the tetrahydroisoquinoline 
rings acquire a distorted boat form,  the benzyl groups are  oriented axially, and the distance 
between them is the greatest .  A comparison of the spectra of the cycleanine and its methio- 
dide in CF3COOH (double-resonance spectra) has shown that in solutions of cyeleanine in the 
salt form there a re  molecules with axial and equatorial methyl groups at the nitrogen atoms 
(1 : 1). It has been shown with the aid of paramaguetic reagents that the main associating cen-  
t e r  in the eycleanine molecule is formed by the methoxy groups in position 7 and 7 t, which 
possess an increased electron density on their oxygen atoms because of their departure from 
the plane of conjugation with the aromatic ring of the isoquinoline nucleus. 

Cycleanine {1) belongs to the bisbenzylisoquinoline alkaloids. Its s tructure and absolute configuration were 
established by classical methods and were subsequently confirmed by physicoehemicaI methods which have been 
generalized in the form of reviews and monographs [1-5]. However, until now the question of the spatial s t ruc -  
ture of cycleanine has remained open. The unusual behavior of cyc!eanine on dehydrogenation with mercur ic  
acetate [6] cannot be completely explained on the basis of known features of this alkaloid. Consequently, we 
decided to study its conformation in solutions. At the present  time information is available on the conforma- 
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Fig. 1. I~MI~ and INDOB spectra of cycleanine in CDCI a (0 - TMS). 

tion of the alkaloid tubocurarine chloride [7, 8] and also on tetrandrine [9]. However, no systematic investiga- 
tions in this direction have been performed. 

It follows f rom the molecular models of cycleanine that its molecules,  having identical configurations of 
the centers  of asymmetry ,  contain an axis of symmetry running perpendicular to the plane of the macrocycle.  
This is shown by the presence of its PlVIB spectrum of only half the number of proton signals that follow from 
the established empirical  formula. The 18-membered macrocycltc  ring of this alkaloid can exist in several  
conformations, of which only four are  symmetrical .  ~ r t h e r  information on the conformation of the macro-  
cycle has been obtained from the P1VII~ spectra of cycleanine in CDC13 and CF3COOH (Table 1). The positions, 
s t ruc ture ,  and assignments of the I-I 1 signals and of those of the protons of the methylenes of the benzyl groups 
were made with the aid of the INDOR method (Fig. 1) and also by a comparison of the chemical shifts of the 
protons in chloroform and in trifluoroacetic acid. The ortho-oriented aromatic protons of the benzyl rings 
form two pairs  of signals. One of them is present  in an unusually strong field at 5.72 and 6.22 ppm, which is 
undoubtedly due to the diamagnetic influence of the isoquinoline rings spatially close to the benzyl rings. 

It follows from a consideration of the coupling constants of the H t proton with the protons of the methylene 
of the benzyl group (Jl,15 = 0 Hz and Jl,15 = 10 Hz) that one o f  the protons forms with it a dihedral angle close 
to 90 ° while the other has one close to 150 °. Thus, the two conformations represented in the form of Newman 
projections in Fig. 2 a re  possible. 

In the antiperiplanar conformation, the benzyl rings approach one another closely,  while in the synclinal 
conformation the distance between them increases to 3.9 .~ (maximum separation). In this case,  the benzyl 
group acquires the axial orientation. The proton of the benzyl methylene group forming an angle of 90 ° with I-I 1 
proton is oriented outside the macrocycle.  In this case,  the aromatic protons of the benzyl fragment present  
within the "boat" of the macrocycle  fall into the region of screening by the isoquinoline aromatic  rings. The 
approximately identical degree of screening { ~ 0.7 ppm) indicates that these protons a re  subject to the total 
screening influence of the four aromatic rings of the molecule, while the remaining protons are  present  outside 
the plane of the macrocycle  and do not experience this effect. 

With a r i se  in the temperature ,  the form of the spectrum changes. There is a broadening of the signals 
of the benzyl aromatic protons (20-80 °C), an approach to one another of the weak-field and strong-field signals 
(80-130°C), and their  final fusion (above 130°C). In these circumstances the other signals do not change. This 
permits  the assllmption that in the cycleanine molecule a benzyl benzene ring rotates about an axis passing 
through the C(9)-C (12) atoms. With a r i se  in the temperature ,  the rate  of inversion increases ,  which leads to 
the observed changes in the spectrum. By making use of the region of slow exchange (Fig. 3) in which only a 
change in the width of the signal takes place, we have determined the inversion ba r r i e r  by a method described 
by Johnson and Bovey [10]. 

The width of the signal in the quartet relating to the strong-field signal of a proton adjacent to oxygen was 
determined at various temperatures  by comparing the forms of these signals with the calculated forms (Fig. 4). 
The calculated spectrum consists of the superposition of four signals of I~rentzian form. The parameter  varied 
was the relaxation t ime T 2 (0.5-0.05 sec,  step 0.05 sec). The function was not normalized,  as a resul t  of which 
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Fig. 2. Synclinal (a) and ant iper iplanar  (b) conformations formed by the rotation of the benzyl group round 
the C~-Cls  bond. 

Fig. 3. Fo rm of the signal of  the Hl~ proton at var ious t empera tu res .  

the a rea  under the curve  increased  with a dec rea se  in T 2. The width of the signals due to the inhomogeneity of 
the magnetic  field was 1 Bz. The l ifet ime T was determined f rom the equation 

1 I 1 

-~ F2theor -Y~,inho m " 

By treat ing the experimental  resu l t s  by the method of leas t  squares  we obtained the values of the pa r ame te r s  
in the equation 

In k = In k o AZa 1 
R T ' 

where k = 1/q'. 

The energy  b a r r i e r  proved to be 16.5 k c a l / m o l e ,  and the l inear  corre la t ion  coefficient r 2 = 0.98. Such a 
high energy b a r r i e r  indicates a s t rong interaction of the benzyl a romat ic  r ings.  It may  be assumed that,  of the 
possible  conformations of the molecule ,  one is rea l ized in which the distance between the benzyl r ings is 
the grea tes t .  It follows f rom molecu la r  models  that the g rea tes t  distance between them is observed when the 
tetrahydroisoquinoline ring acquires  the fo rm of a dis tor ted boat. In this case ,  they a r e  0.5 .g, fur ther  away f rom 
one another than in the case  of  the ha l f -cha i r  conformation of the tetrahydroisoquinoline r ings (Fig. 5). 

In the dis tor ted boat conformation the magnetic anisotropic influence of the a romat ic  r ings on axial and 
equatorial methylimino groups of a tetrahydroisoquinoline r ing should differ substantially.  Calculation a c c o r d -  
ing to a method given in the l i t e ra tu re  [11] has shown that this difference should be not l ess  than 0.5 ppm. 

The methylimino groups of cycleanine resonate  at 2.45 ppm (CDC13). For compar ison  we measured  the 
spec t rum of cycleanine methiodide,  in which the signals of N-methyl groups were observed  at 3.14 ppm {a) and 
3.74 ppm (e)° Thus, the difference in the chemical  shifts amounts to 0.6 ppm, which agrees  well with the ca l -  

culated magnitudes.  
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Fig. 4. Calcula ted f o r m  of  the Ht~ quar te t  a t  var ious  values  of T 2 
(0.05 - -  0.5, s teps  of 0.05 sec).  

In the PIVIR s p e c t r u m  of a solution of  cycleanine in CF3COOH (Fig. 6) the s ignals  o f  two protons  of methyl  
a m m o n i u m  groups  a r e  obse rved  a t  2.97 and 3.42 ppm (J = 3 Hz),  these  being or iented  axia l ly  and equator ia l ly ,  
r e spec t i ve ly ,  and the second signal being displaced by approx imate ly  1 ppm as  compa red  with the signal of  the 
methyl imino groups  in cycleanine.  Double r e sonance  showed that the s ignals  of the protons  of the N-methyl  
groups  in te rac t  with the geminal  protons  a t  the ni t rogen a t o m s ,  which a r e  p r e sen t  in the weak field region of 
the spec t rum.  The ra t io  of the intensi t ies  of the protons  of the axial  and equator ia l  N-methy l  groups  (1 : 1) did 
not change on dilution with ch lo ro fo rm.  However ,  when CF3COOH was added to a ch lo ro fo rm solution of c y c l e -  
anine the i r  intensi t ies  became  different .  When, in addition, a few drops  of CD3OD was added to this solution,  
the signal  of the axial  N-methyl  group d i sappeared  and the doublet of the equator ia l  N-methyl  group was con -  
ve r t ed  into the s inglet  because  of deu te r ium exchange with the geminal  proton on this n i t rogen a tom.  When a 
solution of cycleanine in CF3COOH was heated ,  the s a m e  change in the s p e c t r u m  took p lace  as  in CDC13. 

The informat ion obtained has  pe rmi t t ed  us to r econs ide r  quest ions of the reac t iv i ty  of the cycleanine  m o l -  
ecule.  In p a r t i c u l a r ,  the axial configurat ion of the benzyl group p e r m i t s  an explanation of the r e s i s t a n c e  of the 
molecu le  to dehydrogenat ion with m e r c u r i c  ace ta te  and the c leavage  of the axial  c a r b o n - c a r b o n b o n d  of the ben-  
zyl group dur ing this reac t ion  [6] ( t ransdiaxial  el imination).  

In addition, we inves t igated the PMB s p e c t r u m  of cycleanine with pa ramagne t i c  addi t ives.  It could be 
a s s u m e d  that  the main  cen t e r  of assoc ia t ion  in the molecule  is  f o rmed  by the ni t rogen a toms .  However ,  i t  was 
found that  the r a t e  of  downfie!d d i sp l acemen t  for the protons  of the methoxy group in posit ion 7 was 3.7 t imes  
g r e a t e r  than fo r  the protons  of  the N-methyl  groups.  At the s a m e  t ime ,  the s ignals  of  the second methoxy group 

<o + 

/ 

Fig. 5. Model of  the cycleanine molecule .  
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Fig. 6. PMR s p e c t r u m  of cyeleanine  in CF3COOH (0 -- TMS). 

shifted not  downfield but upfield (K = - 1 . 7 ) . *  The signal  of the Hi0 a roma t i c  proton shiftext upfield (K = - 1 ) .  
The s ignals  of the o ther  a r o m a t i c  pro tons  shif ted downfield. For t t l l ,  K = 1.9; and for  Its,  K = 0.7. This indi -  
ca tes  a cons iderably  g r e a t e r  a ssoc ia t ing  capac i ty  of  the Cy-OCH 3 group than of the C6-OCH 3 group.  This d i f -  
f e r ence  cannot be explained by s t e r i e  in te rac t ion ,  s ince the approach  of the chemica l  shif t  r eagen t  to the m e t h -  
oxy group in posi t ion 7 is  f r e e r .  The as soc ia t ing  capac i ty  of  the C 7 -OCB 3 group is apparen t ly  h igher  because  
of the m o r e  negat ive  cha rge  on this group as  a consequence of the depa r tu re  of this methoxy group f r o m  the 
plane of conjugation with the a r o m a t i c  r ing.  Because  of the absence  of coplanar i ty ,  the 7r - e l e c t r o n s  of  the o x y -  
gen a tom a r e  not  expel led into the benzene ring. The inc reased  nucleophil ic i ty  of  the e the rea l  oxygen a tom in 
posit ion 7 explains the ea se  of  C~-O-demethylat ion by e lec t rophi l ic  reagen ts  [12, 13]. 

S U M M A R Y  

It has  been es tab l i shed  by an ana lys i s  of the 1)MR spec t ra  of eycleanine ~n CDC13 and CF3COOtt ) and of 
i ts  methiodide (INDOR and doub le - r e sonance  spec t r a ) ,  m e a s u r e d  a t  var ious  t e m p e r a t u r e s ,  that  the m a c r o c y c l i c  
r ing of the alkaloid exis ts  in a s table  s y m m e t r i c a l  boat conformat ion  while the te t rahydroquinol ine  r ings  a c -  
quire  a d i s to r t ed  boat shape  and the benzyl  groups  a r e  or iented  axial ly  the d is tance  between them being about  
3 .9/~.  In CF3COOH solutions of cyc leanine ,  s ignals  of  axia l  and equator ia l  me thy l ammon ium groups  were  o b -  
se rved .  It was  shown with the aid of pa ramagne t i c  reagen ts  that  the main assoc ia t ing  cen te r s  in the molecu le  
a r e  the OCI-I 3 groups  in the 7 and and 7 '  posi t ions .  
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X - B A Y  S T R U C T U B A L  I N V E S T I G A T I O N  O F  A L K A L O I D S  

VI. CBYSTAL STRUCTURE OF THE ALKALOID PABFUMINE 

S. M. N a s i r o v ,  L.  G.  K u z l m i n a ,  
Y u .  T.  S t r u c h k o v ,  I.  A .  I s r a i l o v ,  
M. S. Y u n u s o v ,  a n d  S.  Y u .  Y u n u s o v  

UDC 547.944/945 + 536.26 

A comple te  x - r a y  s t ruc tu ra l  invest igat ion of the alkaloid pa r fumine  has  been p e r f o r m e d .  The 
lengths of  the bonds and the va lence  angles  have  the usual  va lues .  Benzene r ings  A and D a r e  
p lanar ,  B a d i s to r t ed  h a l f - c h a i r  C (6~N ' and r ings C and E a r e  f lat tened envelopes ,  E C (14) and 
C (~8) E,  r e spec t ive ly .  

We have  p rev ious ly  de t e rmined  the c r y s t a l  s t r u c t u r e  of the alkaloid s ib i r i c ine ,  which c ry s t a l l i z e s  in a 
c e n t r o s y m m e t r i c a l  space  group [t] .  In the p r e s e n t  pape r  we cons ider  the de te rmina t ion  of the c ry s t a l  s t r u c t u r e  
of  the r e l a t ed  alkaloid pa r fumine ,  i so la ted  f r o m  Fumar ia  pa rv i f lo ra  in o r d e r  to conf i rm the s t r u c t u r e  p roposed  
p rev ious ly  [2] and to d e t e r m i n e  the configurat ion of  the sp i ro  cen te r .  Par fumine  d i f fe r s  f r o m  s ib i r ic ine  by the 
absence  of a hydroxy group in the f l v e - m e m b e r e d  r ing ,  and a lso  by the p r e s e n c e  of hydroxy and methoxy groups  
in p lace  of the methylenedioxy group at  C (2) and C (3). 

The s t ruc tu re  of the pa r fumine  molecule  is s h o ~  in Fig. 1, which a l so  shows the so lva te  ethanol molecule .  
The f o r m  of the the rma l  el l ipsoids of the carbon a toms  of ethanol c l e a r l y  shows the unorde redness  of the ethyl 
group of this molecule  in the c ry s t a l .  The lengths of the bonds and the valence  angles  a r e  given in Table  1. 

F igure  2 gives a sketeh  of the pa r fumine  molecu le  with the tors ion  angles  in the r ing.  The benzene r ing 
A is  somewhat  deformed.  Thus,  the deviat ions of the a toms  of the r ing f r o m  its mean plane amount  to 0.03 ~ ,  
and the depa r tu re  f r o m  this plane of the c lo se s t  a t oms  of the subst i tuents  is  -0 .07  /~ (for C~5), see  Table  2, 
which gives  the c h a r a c t e r i s t i c s  of  the p lanes  of the f r agmen t s  of the molecule) .  The other  benzene r ing ,  D, is  
p lanar  to within 0.01 ~ ,  including the c l o s e s t  a t oms  of the subst i tuents .  The dihedra l  angle between the planes 
of  benzene r ings  A and D is 99.6 °, i . e . ,  somewhat  g r e a t e r  than in the molecu les  of s ib i r ic ine  (89.9 °) and of o ther  
r e la ted  alkaloids - ochrob i r ine  [ 3] and ochotensine [4] (about 90 °). The s i x - m e m b e r e d  pyr id ine  ring B has  a 
d i s to r t ed  ha l f - cha i r  conformat ion  ~ (6JI~ N in Schwarzls  symbols  [5], but the na tu re  of the dis tor t ion d i f fe rs  f r o m  
that  found in the s tb i r ic ine  molecu le .  The f i v e - m e m b e r e d  r ing C has  a flattened envelope conformat ion  E C (14) 
~he C(14) a tom depar t s  f r o m  the plane of the C(3) C(17) C(18) C(13) a toms  b y - 0 . 0 9 3  ~) ,  while i n t h e  s ib t r ic ine  
molecule  this  r ing has  a h a l f - c h a i r  conformat ion .  

The d i f fe rence  in the conformat ions  of r ings B and C in the par fumine  and s ib i r ic ine  molecu les  indicates  
a conformat ional  f lexibil i ty of  these  r ings ,  leading to the rea l iza t ion  of d i f ferent  methods of reducing s t ra in  in 
these  polycyclic  condensed s y s t e m s .  

The o ther  f i v e - m e m b e r e d  (dioxolane) r ing  E a lso  has  a f lat tened envelope conformat ion  C(18)E (as in s l -  
b i r ic ine) :  the C(19) a tom depar t s  f r o m  the plane of the o the r  a toms  of the r ing by 0.125 ~ .  

The ni t rogen a tom has  a py ramida l  conformat ion  ( sum of the va lence  angles 334°; the d e p a r t u r e  of  N f r o m  
the C (6) C (14) C (21) plane amounts  to -0 .441  ~). All the C - N  bond lengths [from 1.45 (1) to 1.47 (1) ~] a r e  the 
s a m e  and coincide  with the s tandard  value fo r  an o rd ina ry  C - N  bond of 1.472 [6]. The C - C  in te ra temic  d i s -  
tances  in a r o m a t i c  r ings  A and D have  a s c a t t e r  of 1.33 (1) to 1.44 (1) ~ ,  which exceeds  3~ and is apparent ly  the 
consequence of the genera l  s t r a in  of  the skele ton of the molecule  o r ,  r a t h e r ,  of the fa i lure  to take l lbra t ien  e r -  
r o r s  into account.  All the in te ra tomlc  d i s tances  coincide,  within the l imi t s  of accu racy ,  with those found fo r  the 
s ib i r i e ine  molecu le  and a r e  the usual  ones fo r  the cor responding  types of bonds. 

Insti tute of  the Chemis t ry  of  Plant  Substances ,  Academy of Sciences of the Uzbek SSI~, ~ s h k e n t .  Institute 
of I~eteroorganic Compounds,  Academy of Sciences of the USES, Moscow. Trans la ted  f r o m  I ~ i m i y a  Pr t rodnykh  
Soedinenii, No. 1, pp. 66-73,  J a n u a r y - F e b r u a r y ,  1980. Original a r t i c l e  submit ted October  24, 1979. 

0009-3130/80/1601-0055 $07.50© 1980 Plenum Publishing Corpora t ion  55 


