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VI. CBYSTAL STRUCTURE OF THE ALKALOID PABFUMINE 
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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. 
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Fig. 1. Contents of  the independent pa r t  of the e l e m e n t a r y  cell  with pa r fumine  and ethanol m o l e -  
cules  (ell ipsoids of  the t h e r m a l  v ibra t ions  with p = 0.5). 

Fig. 2. Tors ion  angles  in the r ings .  

The parfu_mine and ethanol molecu les  each have  one "ac t ive"  hydrogen a tom which,  in the c r y s t a l ,  p a r t i -  
c ipa tes  in the f o r m  of  hydrogen bonds. The hydroxy group of par fumine  plays the ro le  of  donor in a O(1)-H. . -O(A 
hydrogen bond with the hydroxy group of ethanol ,  the O(1)-..O(A) d is tance  being 2.65(1) .~, the O(1)-H(01)  d i s "  
tance 1.06 ,~, and the H(01) ...O(A) d is tance  1.62/~,  and the angle  at  the H(01) hydrogen a tom is 164 °, i . e . ,  this 
bond of med ium s t rength  is c lose  to l inea r .  The hydrogen a tom of the hydroxy group of ethanol pa r t i c ipa t e s  in 
a I-I bond with the n i t rogen a t o m o f t h e  pa r fumine  molecule  obtained f r o m  a bas is  t rans la t ion  a .  The O(A)...N 
d is tance  is 2.84(1) A, this hydrogen bond a l so ,  apparen t ly ,  being c lose  to l i nea r  (the hydrogen a tom at  O(A) 
could not be objec t ive ly  local iz  ed}, s ince  the angles  between the O (A)...N vec to r  and the n i t rogen -a tom bonds 
N - C  (14), N - C  (6), and N - C  (21) a r e  123.7(5), 102.9{5), and 94.5(5) °, r e spec t ive ly ,  i . e . ,  they do not g rea t ly  d i f fer  
f r o m  one another  and f r o m  the t e t r ahed ra l  angle.  Thus,  the hydrogen bonds with the par t ic ipa t ion  of the ethanol 
molecu le  join the pa r fumine  (ID molecu les  into endless  chains along the a axis :  ...O (A)--H...N (I1) O(l ) - -H. . .  

I 
Et 

EXPEB I M E N T A  L 

The pa r fumine  c r y s t a l s  obtained f r o m  solut ions in ethanol and subjected to x - r a y  s t ruc tu ra l  invest igat ion 
proved  to be the monoethanol  so lvate  C20I-]~9NO 5" C2I]5OI4. The c r y s t a l s  were  monoclinic;  a t  20°C, a = 7.936 (1), 

0 3 
b = 17.861(4), c=7.7623(8) A, fl = 110.262(9) °, V = 1032.3(3) A , dcalc = 1.14 g / e r a  3 for  Z = 2, space  group P21. 

The p a r a m e t e r s  of  the e l e m e n t a r y  cel l  and the in tensi t ies  of  1834 ref lec t ions  with I > 2 ~ were  m e a s u r e d  
in a I-Ii lger-Watts 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  (k CuK a ,  graphi te  m o n o e h r o m a t o r ,  0 / 2 8  scanning,  2 ° -< 
20 -< 120°). The s t r u c t u r e  was in t e rp re t ed  by the d i r ec t  method using the "MULTAN" p r o g r a m .  An E - s y n t h e -  
s i s  was  cons t ruc ted  f r o m  the bes t  va r i an t  of the signs which enabled a lmos t  the whole of the skeleton of the 
molecule  to be de te rmined .  In the following two F-syn thes i s  all the a toms of the pa r fumine  molecule  we re  l o -  
ca l ized and the so lva te  molecule  of  ethanol was detected.  

The s t r u c t u r e  was ref 'med by the method of l e a s t  squa re s  in the fu l l -ma t r i x  - f i r s t  i so t ropic  and then 
aniso t ropic  - a p p r o x i m a t i o n s .  Af ter  th is ,  the posi t ions  of  the hydrogen a toms were  ca lcula ted  geome t r i ca l l y ,  
except  fo r  the a toms of the methyl  and hydroxy groups  of the ethanol.  Fa r t he r  r e f inemen t  was c a r r i e d  out by 
taking into account  the t{ a toms  with fixed t e m p e r a t u r e  (Bis o = 6 ~2) and posit ion p a r a m e t e r s .  As a r e su l t  of 
the r e f inement ,  the values  of  the p a r a m e t e r s  B i j o f  the an iso t ropic  t e m p e r a t u r e  fac tor  o f  the carbon a toms  of  
the ethanol molecule  p roved  to be  v e r y  high (Table 3). This indicated the l ack  of o r d e r e d n e s s  of  the ethanol 
molecu les  in the c tTs ta l .  Consequently,  guided by the shape of the t he rma l  el l ipsoids of the C (A1) and C (A2) 
a toms  (Fig. 1) and the known g e o m e t r i c  p a r a m e t e r s  of the EtO}] molecu le ,  we calcula ted  two poss ib le  o r i e n t a -  
t ions [C(A1), C(A2), and C(AI ' ) ,  C(A2')] of  the ethyl groups.  Then we c a r r i e d  out a r e f inemen t  of the m u l t i -  
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TABLE 2. Equations Ax + By + Cz - D = 0 of the Planes of the Indivi-  
dual Fragments  of the Molecule and the Departures  of the Atoms f rom 
2he i r  Planes 

A t o m s  a n d  the i r  d e p a r t u r e s  
P l a n e  f r o m  the  ~lane A B C D 

D 

B 

c(1) 
0,033 (8) 
C (4) 
0,007 (9) 
O(t)* 
O, 023 (7) 
C (5)* 

-o,o71 (1o) 
C (14) 
f,0t3 (8) 
C (5) 

--0,013 (10) 
c (8) 
o.oo2 (s) 
C 03) 

--0,001 (9) 
C (12)* 
0,023(10) 
c (9) 
o.oo7 (9) 
c(12) 
o.o13(1o) 
o (3)* 

-0.017 (7) 
C (13)* 

-0,014(9) 
0 (3) 

--0,0~3 (7) 
0 (4) 
o. 003 (9) 
C(!l)* 

-0.031 (12) 

0(2) 
-0.019(9) 

C(6) 
0,009(0) 
0(2)* 

-0.026(8) 

c05) 
--0.029(8) 

C(6)* 
0.255(10) 
cOD 

-o.oo3 (8) 
C (14)* 

--0.093 (9) 

C(10) 
0.000(10) 
C(8) 

--0,006(8) 
0(4)* 

-0.012(9) 

c (9) 
0,004(9) 
c (19)* 
o,125(18) 

C(3) 
-0002(9) 

C(15) 
--0.029(8) 

C(14)* 
--O,OO1 (9) 

c (16) 
0.029 (9) 
N* 

-0.520 (5) 
C (18) 
0.OO2 (8) 
C (9)* 
0,004 (9) 

C (ll) 
-0,001 (12) 

C (17) 
--0.004 (8) 

C(8)* 
0,000(8) 

C (10) 
--0.004(10) 

C(17)* 
--0.250(8) 

0.398 

0.375 

.0,740 

-0.740 

-0,736 

0,667 

--0,674 

--0.556 

--0,553 

--0.549 

--7,280 

--7,375 

6.423 

6.486 

6,709 

plici t ies of these a toms ,  which proved to be approximately equal (0.44 and 0.56 for  the two orientat ions of the 
Et group),  and af ter  this of their  position and isotropic  t empera tu re  pa r ame te r s .  In the subsequent dif ference 
synthesis  only the peak corresponding to the hydrogen atom of the hydroxy group of parfmnine appeared.  After  
this a cor rec t ion  was made for  the anomalous scat ter ing of the x rays  by the O and N atoms and a final i so t ro -  
pie ref inement  was ca r r i ed  out (the C atoms of the ethanol were  refined isotropical ly  and the B atoms with 
fixed pa rame te r s ) ,  both of the s t ruc tu re  found and of the inverted s t ruc tu re ,  to R 1 = 0.0788 (R 2 = 0.128) and B i = 
0.0788 (R 2 = 0.0128),  respect ively .  2he coincidence of  the R factors  did not enable us to determine the abso -  
lute configuration of  the molecule  which (as also the fa i r ly  high R fac tor  and the e r r o r s  of the bond length) is 
due to the unorderedness  of the ethanol molecule.  All the calculations were  pe r fo rmed  on an Eclipse S/200 
mIn i -compute r  by means of the Syntex-EXTL program.  2he coordinates  of the a toms and the Bij pa rame te r s  
of the anisotropic t empera tu re  fac tor  a r e  given in Table 3. 

S U M M A R Y  

2he complete  x - r a y  s t ruc tura l  investigation of the alkaloid parfumine in the fo rm of the solvate with ethan-  
ol has  been per formed.  2he s t ruc tu re  put forward previously  has been confirmed.  Bond lengths and valence 
angles have the usual values.  
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A S T U D Y  O F  T H E  V E N O M  O F  R E N A R D ' S  V I P E R  

V i p e r a  n r s i n i  r e n a r d i  

H. CHEMICAL AND BIOLOGICAL CHARACTERIZATION OF THE FRACTIONS 

G.  E .  L y u b i m t s e v a  a n d  L .  Y a .  Y u k e l ' s o n  UDC 591.145:598.126 

Of the f ive f rac t ions  obtained as  the r e su l t  of the fract ionat ion of the venom of Renard ' s  v iper  
on Sephadex G-75,  the f i r s t  two posses sed  a high proteolyt ic  and coagulating act ivi ty and had 
a hemor rhag ic  and lethal act ion,  and the th i rd  f ract ion has been identified as phospholipase A 2. 

The separa t ion  of the venom of Renard ' s  v iper  Vipera urs in i  renard i  Ch. into its individual components  
and the compara t ive  investigation of  the i r  chemical  and biological p roper t i e s  is the most  rat ional  approach to 
the solution of p roblems  connected with the elucidation of the mechanism of the action of the venom and its use 
in scientif ic  and medica l  p rac t i ce .  Information has been published previous ly  [1] on the chemical  composi t ion and 
biological action of the whole v iper  venom. The p resen t  paper  gives the resu l t s  of f ract ionat ion of the viper  
venom on Sephadex and of a study of the chemical  p roper t i e s  and biological effects  of the f ract ions  obtained in 
compar i son  with those  of the whole venom. 

When the whole viper  venom was passed  through Sephadex G-75 gel ,  it  was separa ted  into five f rac t ions  
(Fig. 1). l>roteolytie act ivi ty was detected mainly in f rac t ions  I and il, which lef t  the dext ran  gel column in a 

v o l u m e  of eluent of  150 ml.  In view of the fact  that f ract ions  I and II begin to emerge  immedia te ly  a f te r  the 
passage  of the f r ee  volume of the column (130 ml),  in accordance  with the theory  of gel f i l t ra t ion [2] i t  may  be 
assumed that the proteolyt ic  act ivi ty of the venom is connected with components having molecu la r  weights of 
15,000-25,000 dalton. Phospholipase A~ was separa ted  f rom the proteolyt ic  enzymes and appeared  in f ract ion 
III, containing substances with molecu la r  weights of  15,000 and below. These  th ree  f rac t ions  compose  the bulk 
of the whole v iper  venom and a re  cha rac t e r i zed  by a predominantly protein composit ion:  

Fraction 
1 H IH 1 I/ V 

Yield, % '29,2 23,2 '22.1 5,1 18.1 
Protein according tO Lowry 89 92,0 93,0 98.0 37,0 37,0 

The yie lds  of f rac t ions  IV and V were  only 5.1 and 18.1%, respec t ive ly ,  and the i r  content  of prote in  sub-  
s tances  was ex t r eme ly  low. It may  be assumed these f ract ions  contained low-molecu la r  weight components  
(peptides of different  s i zes ,  f r ee  amino ac ids ,  catecholamines)  s imi la r  to those obtained f rom the venom of the 
Bulgarian viper  [3]. On the whole, the resu l t s  of gel f i l t ra t ion show that the viper  venom that we a re  inves t i -  
gating d i f fers  fundamental ly in the rat io  of h igh-  and low-molecular -weight  components  f rom the venoms of the 
Elapidae [4, 5] and, according to the chemical  c lass i f icat ion of snake venoms [6], it  can be ass igned to the high-  

molecula r -weight  group. 

Institute of Biochemis t ry ,  Academy of Sciences of the Uzbek SSR, Tashkent.  Trans la ted  f rom Khimiya 
l>rirodnykh Soedinenii,  No. 1, pp. 73-76,  J a n u a r y - F e b r u a r y ,  1980. Or ig ina l  a r t i c le  submitted September  21, 
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