
T H E  X - R A Y  S T R U C T U R 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  

I. MOLECULAR STRUCTURE AND ABSOLUTE CONFIGURATION 

OF (+)-COCCU LINE 

S . - M .  N a s i r o v ,  V. G.  A n d r i a n o v ,  
Y u .  T .  S t r u c h k o v ,  a n d  S. Y u .  Y u n u s o v  

UDC 547.944/945+539.26 

The role  of x - r a y  s t ruc tu ra l  ana lys i s  in the object ive es tab l i shment  of the molecu la r  s t r uc tu r e s  of 
na tura l  compounds is  genera l ly  known. One of the fea tures  of this method is the poss ib i l i ty  of a d i rec t  de -  
t e rmina t ion  of the absolute configurat ion re la t ive  to al l  the a s y m m e t r i c  cen t e r s ,  r e g a r d l e s s  of the i r  number.  

We have p e r f o r m e d  a sys temat ic  invest igat ion of the molecu la r  s t ruc tu re  and absolute configuration 
of alkaloids,  mainly  those i so la ted  and studied in the Insti tute of the Chemis t ry  of Plant Substances  of the 
Academy of Sciences  of the Uzbek SSR (for example ,  cocculine).  The p re sen t  pape r  is  the f i r s t  of a s e r i e s  
of communica t ions  on this ~abject. 

Cocculine was f i r s t  i so la ted  by S. Yu. Yunusov [1] f rom Cocculus laur i fo l ius  D. C. The r e su l t s  of 
detai led chemica l  and phys icochemica l  invest igat ions  pe rmi t t ed  cocculine to be ass igned to the c i s -  s e r i e s  
of Al(@-erythr ine alkaloids  and i ts  configurat ion to be es tab l i shed  as  3R,5S. 

Fo r  an independent de te rmina t ion  of the de ta i l s  of the molecu la r  s t ruc tu re  and the absolute configu- 
rat ion we have p e r f o r m e d  an x - r a y  s t ruc tu ra l  study of (+)-cocculine in the fo rm of the hydrobromide  
C17H21NOz. HBr [2]. The absolute configurat ion of the molecule  is shown in Fig. 1, which also gives  the 
bond lengths and the valence and tors iona l  angles.  

These  invest igat ions have conf i rmed  the posi t ion es tab l i shed  prev ious ly  (15) for the subst i tuent  (hy- 
droxy group) in the a roma t i c  nucleus,  the posit ion (1-6) of the double bond, and the c is  (equatorial) posi t ion 
of the subst i tuent  at C(3) in re la t ion to the C ( 5 ) - N  bond. In the C a h n - I n g o l d - P r e l o g  s y s t e m  of symbols  
[3], the absolute configurat ion of cocculine of 3R,5S a g r e e s  with the p rev ious  resul t s .  We may  note that in 
the ma jo r i t y  of s t e r eochemica l  invest igat ions  the ni t rogen a toms  are  not cons idered  as a s y m m e t r i c  cen te r s .  
However ,  in this case  the N(9) a tom,  which is t e t r ahed ra l  (since the hydrobromide  was investigated),  is 
such a cen te r  and has the R-conf igura t ion .  Never the less ,  in the free base ,  as  well,  because of the absence  
of invers ion in view of the r igidi ty of the polycyclic  s t ruc ture ,  the py ramida l  N(9) a tom r e m a i n s  a s y m m e t r i c  
with the some configuration.  Here ,  accord ing  to the l i t e ra tu re  [3], the junior  subst i tuent  is cons idered  to 
be the unshared  pa i r  of e lec t rons .  

In spite of the l imi ted  accu racy  of the de te rmina t ion  of bond lengths and valence angles ,  the i r  means  
(over groups  of monotypical  values) a r e  the usual  ones  [4]: C - C  1.52(3), C*"C 1.39(2), C - O  1.39(2), N - C  
t.52(3), C-~C 1.3I(4) ~,  C - C - C  at sa tura ted  a toms  in the s i x - m e m b e r e d  r ings  114(3) °, in the f i v e - m e m -  
be red  ring I06(4) °, C - C = C  at double bonds and in the benzene r ing 120(3) °, C - O - C  114(3) °. The s o m e -  
what g r e a t e r  value of the length of the ~ - C  bond of the ammonium ni t rogen as  compared  with the s tandard 
length of an o rd ina ry  N - C  bond of py ramida l  ni t rogen (1.47/~ [10]) may be noted; this is cha r ac t e r i s t i c  for  
the sa l t s  of o ther  alkaloids,  as  well [5]. 

As can be seen f rom Fig. 1, r ings  A and B, and also B and C, have the c i s  type of l inkage. The con-  
fo rmat ions  of the r ings  can be judged re l i ab ly  f rom the values  of the to r s iona l  angles  (see Fig. 1) and by 
the devia t ions  f rom the a toms  f rom the mean  square  planes  (Table 1). The benzene r ing  D is p lanar  with 
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Fig .  1. Conf igu ra t i on  of the m o l e c u l e :  a) bond 
l e n g t h s ;  b) va l ence  a n g l e s  ( e r r o r s  2-3°); c) t o r s i o n a l  
ang l e s .  

T A B L E  i .  

mng 

I 
1 c(1) I ¢(2) it(3) 
A 0.017 --0.023.0.015 

(]I) C(6) I c(7) jc(s) 
(B) o,ooo o,oooo,ooo 
m C(ll)l c(12) Ico3) 
(c) o oo8[-o.o17o.o18 
IV C(12) C(13) [C(14) 
(/3) 0,001 --0,016 0,026 

Mean Square  P l a n e s  of  the F r a g m e n t s  of the Molecu le  

Deviations of the atoms, 

C(5} I C(6) I  C(4)[  --  
-o,oo9 o,ooo -0,620 
y(9)*]  c(5)* I - / - 
+0.283 -0,397 
C(5) IN (9)* [ C(10V] --  

--0,008 -='0,558 --0.127 
C(15) I c(16) I C(17)t¢(2)* 

-0.0201 0,003 I O.OO6 ]0.019 

3.898 3,;q14i--0,424 0,204 

--3.912 -4.6461 2.410 1.036 

7.625 --5.627 --3,476 4. 199 

7 730--5 6 0--3 243!2,962 

* A t o m s  not  inc luded  in the c a l c u l a t i o n  of the  e q u a t i o n s  of the 
p lane  s. 

an a c c u r a c y  of  -+ 0.01 /~, whi le  the " s u b s t i t u e n t s "  C(5), C(11) and 0(2)  a r e  e o p l a n a r  wi th  the r ing .  The s i x -  
m e m b e r e d  r i n g  A with one double  bond p o s s e s s e s  not  the h a l f - c h a i r  c o n f o r m a t i o n  (which i s  t y p i c a l  fo r  c y -  
c lohexene  d e r i v a t i v e s }  but the enve lope  c o n f o r m a t i o n  wi th  a d e p a r t u r e  f r o m  the p lane  of  the o t h e r  a t o m s  of  
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the fifth carbon atom C(4) by -0.62 .~, i.e., in Schwarz's nomenclature [6] this ring has the 4E conforma- 
tion. The other six-membered ring, C, has a similar conformation: the N(9) departs appreciably from the 
plane of four of the atoms (by +0.56 .~) and C(10) less considerably and in the opposite direction (by -0.13 
£). 

If we neglect the deviation of C(10), the conformation of the ring is envelope 9E; if this is not neglected, 
it is an unsymmetrical (because of the linkage with the five-membered ring) half-chair l°H 9. It is just such 
a conformation that was to be expected in the linkage of this ring with the benzene ring at the C(12)-C(13) 
bond. Finally, in the five-membered ring B the neighboring atoms C(5) and N(9) depart from the plane of 
the other three atoms in opposite directions (by -0.40 .~ and by +0.28 /k, respectively), i.e., this has the 
twist or half-chair conformation 9T 5. 

In the structure investigated, both active hydrogen atoms participate in two interionie hydrogen bonds 
~-H. . .  Br- with a length of 3.21 .~ and O(1)-H... Br with a length of 3.18 /~, forming an infinite chain . . .H- 
K+-H...Br-... along the [010] direction. Only van der Waals forces exist between the chains. Judging from 
their lengths, both hydrogen bonds are very strong [7]. 

E X P E R I M E N T A L  M E T t t O D  

T r i c l i n i c  c r y s t a l s  were  inves t iga ted .  The p a r a m e t e r s  of the ce l l  we re  r e f i ne d  on a H i l g e r - W a t t s  
f o u r - c i r c l e  au tomat ic  d i f f r a c t o m e t e r ,  and the dens i ty  was  d e t e r m i n e d  by h y d r o s t a t i c  weighing:  

- 8.839 0)2 v = 4 0 6 ~ i ~  

b : 7,400 (8) M = 352.3 

c = 7,115 (8) dmeas 1,45 g/cm 3 

_ 80,98 (5) ° dcal~ 1,45 

"~ - 109,44(6t Z = 1 
. = 112,23 (6) Space groupPl 

The i n t e n s i t i e s  of ~3000  r e f l e c t i o n s  in the s p h e r i c a l  r eg ion  of r e c i p r o c a l  space  up to v = 23 ° w e r e  
m e a s u r e d  on the a b o v e - m e n t i o n e d  d i f f r a c t o m e t e r  (XMoK~, g raph i te  m o n o c h r o m a t o r ,  u~-scanning, o r d i n a t e  
ana ly s i s )  by the method  of Boki i  et al. [8]. A f t e r  the a v e r a g i n g  of the r e f l e c t i o n s  of the F r i e d e l  p a i r s  hid 
and hk/ a set  of 1395 r e f l e c t i o n s  with IFI 2 _>3~([FI 2) was  ob ta ined;  ex t inc t ion  was  not t aken  into account .  

Since the choice  of o r i g i n  in the space group Pt is  a r b i t r a r y ,  it was  made  to co inc ide  with the heavy 
b r o m i n e  a tom.  The d i f f e rence  Lp(xYz)Br-  s y n t h e s i s  with the deduc t ion  of the b r o m i n e  a tom r e v e a l e d  10 
l ight  a toms .  S e v e r a l  s u c c e s s i v e  a p p r o x i m a t i o n s  of the Ap(xYZ)B r -  s y n t h e s i s  tak ing  into accoun t  the c o n -  
t r i bu t ion  of the l ight  a t o m s  in the c a l c u l a t i o n s  of the p h a s e s  enab led  a l l  the nonhydrogen  a t oms  to be l o c a l -  
ized;  at this  s tage ,  R = 0.22 at Bto t = 3.0 ~2. R e f i n e m e n t  by the method  of l e a s t  s q u a r e s  in the i so t rop i c  
a p p r o x i m a t i o n  lowered  the r e s i d u a l  f ac to r  to R = 0.15. The def in i t ive  pos i t i ons  and the t h e r m a l  p a r a m e t e r s  

a re  g iven in Tab le  2. 

TABLE 2. C o o r d i n a t e s  of the A t oms  and 
T h e i r  Ind iv idua l  T h e r m a l  F a c t o r s  

o+ 
Atom x ~ z B.A- 

Br 
C(I) 
C(2) 
C13) 
CO) 
C(S) 
CO) 
(:(7) 
C(s) 
C(lo) 
c o o  
C([2) 
Ct t;I) 
C(14) 
C(15) 
C(16) 
C(17) 
C(18) 
N(9) 
0 ( I )  
Or2) 

0 
0,028(4) 
o, 164(4) 
O, 1'29(4) 
O, 022(4) 

--0, 141 (4) 
--0,106(4) 

-0,251(4) 
--0,33714) 
-0,292(3) 
--0,44714) 

- 0 , 4 1 9 ( 3 )  

--0,283(3) 
--0,275(3) 
- 0,396(3) 
-0,532(3) 
- O, 540(4) 

0.287(3) 
--0,21713) 

0,292(2) 
- o. 392(2) 

0 
--0,360(4) 
--0. 445(5; 
--0.,593(5) 
--0,542(4) 
--0,53~ff5) 
--0,392(5) 
--0,31Ri(4) 
- 0,347(4) 
--0,526(4) 
--0,720(4) 
--0,818(4) 
--0,726 (1) 
--0,819(4) 
--1,0111(4) 
-1,09314) 
--0,995(4) 
--0,741{ 4) 
--0,41813) 
--0,585(3) 
- -  1 , 0 9 9 ( 2 )  

0 
--0,34214] 
--0,30514) 
--0,46C(5) 
--0,662(4) 
-0,657(5) 
-0,~)015) 
-0,566¢4) 
-0,785(4) 
--I ,030(4) 
--1,01614) 
- o, 806(4) 
--0,647(4) 
-0,454(4) 
- 0 , 4 4 0 (  i i 
--0,59614) 
- -  0,786 (4) 
--0,531,4) 
--0,845(3) 
--0,457(3) 
--0,254(3) 

3,19(4) 
2,8(4) 
2.5(5) 
2.2(4) 
2.30) 
2,1(4) 
2,8(5) 
3,1(5} 
3.2(5) 
3,0(5) 
3,4(5) 
2.2{4) 
1 . 9 ( 3 )  
1,8(3) 
2,4(4) 
2,9(5) 
2.9(5) 
4,7(7) 
2,6(3) 
3.0(3) 
2,8(3) 
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TABLE 3. Comparison of rmeas and rcalc 

hill 

I (xI 
20o 
~10 
-310 
720 
" ~ 2 0  
520 
-~30 
03O 
T):+o 
-~i40 
O40 

rmeas [ r:calc 

--0,22 --0,24 
0,28 0,27 

--0.18 --0,14 
0,19 0,23 
0,13 0,14 

--0,15 --0,10 
0.19 0,11 
0,20 0,17 

--0,15 --0,13 
--0.18 --0.15 
-0,22 --0,19 
--0,21 --0,21 

0,21 0.15 

hl¢l 

-550 
0 50 
-36_o 
051 
a5"1 
24"1 
-r~-i 
331 
"g~'l 

5~-1 
001 

rmea~ 

0.19 
0,12 

--0,07 
0,16 
0.23 
0,11 

--0.05 
--0,19 

0,06 
O,},l 
0,32 
0,62 

rcalc 

0.22 
0.16 

-0,14 
0.14 
0,14 
0,13 

--0,10 
-0.19 

0.11 
0,15 
0,36 
0,61 

The absolute  conf igurat ion was  e s t a b l i s h e d  f rom the anomaly of the s c a t t e r i ng  of the Mo radiationb_y 
the Br  a toms  ( A F a r  = 2.456 [9]) by B i j v o e t ' s  method [10]. F o r  this  purpose ,  120 F r i e d e l  p a i r s  of h k / - h k l  
r e f l ec t ions  the in t ens i t i e s  of which d i f fe red  mos t  s t rongly  were  se lec ted .  The s igns  of r m e a s  and r~alc  for 
a l l  the se l ec t ed  r ec l ec t i ons  coincided,  and t h e i r  absolute  va lues  were  s i m i l a r  (Table 3 g ives  these values  
for  some of the re f lec t ions) .  Consequently,  the c o o r d i n a t e s  of the a toms  in Table  2 and the m o l e c u l a r  model  
cons t ruc ted  f rom them (see Fig.  1) c o r r e s p o n d  to the absolute  conf igurat ion of the molecule .  

Al l  the ca lcu la t ions  in the i n t e rp re t a t i on  and re f inement  of the s t ruc tu r e  were  p e r f o r m e d  by p r o g r a m s  
due to B. L. Ta rnopo l ' sk i i ,  V. Io Andrianov,  and Z. Sh. Safina (OLKhF AN SSSR) and the ca lcu la t ions  to d e -  
t e rmine  the absolute  conf igurat ion by the ABKONF p r o g r a m .  

S U M M A R Y  

An x - r a y  s t r u c t u r a l  inves t iga t ion  of the a lkaloid  (+)-cocculine in the form of the hydrobromide  has 
been pe r fo rmed .  The bond lengths and valence angles  a re  the usual  ones. The conformat ions  of the r ings  
a re :  A - envelope 4E; B - h a l f - c h a i r  9T5; C - h a l f - c h a i r  l°H 5. The absolute  conf igurat ion 3R,5S has  been 
es tab l i shed .  
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