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m e n t  of u n s a t u r a t i o n  a n d  s u b s t i t u e n t  o r i e n t a t i o n  bu t ,  
w i t h  t he  excep t ion  of m a n o y l  oxide acid (8,13-/~-epoxy- 
14-1abden-19-oic acid) ~~ h a v i n g  t he  same carbocycl ic  
skeleton.  

F r o m  Table  I I  i t  can  be  seen t h a t  g r o w t h  i n h i b i t i o n  
occurs  w i t h  all  t e s t  compounds ,  and  t h a t  excep t  for t he  
r a t h e r  h ighe r  t ox i c i t y  of i sopimar ic  acid t he re  are rela-  
t i ve ly  s l ight  differences f rom one to t he  o ther .  Th i s  seems 
reasonab le  since e x a m i n a t i o n  of molecu la r  models  reveals  
essent ia l ly  the  same overa l l  shape  for these  s t ruc tures .  
In t e re s t ing ly ,  th i s  conf igura t ion  differs app rec i ab ly  f rom 
t h a t  of the  sunf lower  acids wh ich  h a v e  t he  oppos i te  
s t e reochemica l  o r i e n t a t i o n  a t  t he  A - B  r ing j u n c t i o n  and  
also posses a more  r igid sys t em due to add i t i ona l  r ing  
fo rmat ion .  

Table III. Larval growth of Pectinophora gossypiella on artificial 
diets containing isopimaric acid derivatives 

Growth at dietary leve> 

Conlpound 0.05 % 0.1% 

Isopimarie acid 18 5 
Dihydroisopimaric acid 23 10 
Methyl isopimarate 71 68 
Isopimarol 98 55 

~Percent of control wt. after 14 days, 10 larvae per level. 

Table IV. Larval growth of Pectinophora gossypiella on diets con- 
taining both Ievopimaric acid and cholesterol 

Additive Larval weight~ 

None 100 
1% Cholesterol 125 
0.2% Levopimaric acid 23 
Same + 0.05% cholesterol 45 
Same + 0.1% cholesterol 61 
Same + 0.2% cholesterol 41 
Same + 0.4% cholesterol 64 
Same + 1.0% cholesterol 86 

~Percent of control, 10 larvae per level. 

W h e t h e r  or no t  t he  c a r b o x y i  func t i ona l i t y  of t he  res in  
acids is necessa ry  for t ox i c i t y  m a y  be  ind ica ted  b y  com- 
par i son  of the  respec t ive  es ter  or ca rb ino l  w i th  t he  p a r e n t  
compound .  Table  I I I  shows these  resul t s  for t he  isopi- 
mar ic  series and  includes  d a t a  on t he  reduced  s ide-chain  
fo rm also. The  l a t t e r  compound ,  d ihydro i sop imar i c  acid, 
in  which the  v iny l  g roup  a t  C-13 is modif ied  b y  hydroge -  
na t ion ,  shows essent ia l ly  u n a l t e r e d  a c t i v i t y  wh ich  is con- 
s i s t en t  w i t h  the  obse rva t ions  p r e sen t ed  in Tab le  I I .  For -  
m a t i o n  of t he  m e t h y l  es ter  on  t he  o the r  h a n d  does reduce  
tox ic i ty  a n d  loss of a c t i v i t y  is also shown b y  t he  cor- 
r e spond ing  alcohol,  i sopimarol .  A p p a r e n t l y  the  ca rboxy l  
group,  whi le  no t  abso lu te ly  essent ia l  for g rowth  inh ib i -  
t ion,  does increase  ac t iv i ty .  Reduced  effect iveness  of t he  
m e t h y l  es ter  m i g h t  be  p a r t l y  coun te r ac t ed  b y  pa r t i a l  
hydro lys i s  to  the  free acid du r ing  d iges t ive  processes. I t  
is l ikely t h a t  t he  po la r  acid func t ion  faci l i ta tes  t r a n s p o r t  
a n d  abso rp t ion  of t he  compound .  

Since the  skele ta l  a r r a n g e m e n t  of t i le t r icycl ic  resin 
acids resembles  t i le ABC-r ing  sys tem of c o m m o n  steroids,  
i t  seemed possible  t h a t  these  c o m p o u n d s  in ter fere  w i t h  
s teroid  m e t a b o l i s m  in t he  insect .  D i e t a r y  phy tos t e ro l s  
m u s t  be  absorbed ,  t r a n s p o r t e d  and  b iochemica l ly  a l te red  
to  p roduce  essent ia l  hormones .  I n t e r f e r ence  w i th  a n y  s tep  
b y  i nh ib i t o r  ac t ion  of t he  res in  acid would ce r t a in ly  de- 
crease v i t a l i t y  of t he  larva .  W e  s o u g h t  to  examine  th i s  
p o i n t  b y  for t i fy ing t he  t e s t  d ie t  w i t h  increas ing concen-  
t r a t i o n s  of choles terol  to  d e t e r m i n e  w h e t h e r  g r o w t h  inhi-  
b i t i on  could be reversed  b y  mass  ac t ion  effect. The  ac- 
t i v i t y  of l evop imar ic  acid in the  presence  of added  choles- 
te ro l  is, in fact ,  r educed  (Table  IV). N o r m a l  g r o w t h  was 
no t  comple te ly  res tored,  however ,  even  a t  the  1% l e v e l  
L a r v a l  g r o w t h  in t he  absence  of t o x i c a n t  is acce le ra ted  
b y  choles terol  r esu l t ing  in average  weigh ts  s u b s t a n t i a l l y  
g rea te r  t h a n  those  of controls .  The  effect  of the  s terol  is 
p ropo r t i ona l l y  g rea te r  on those  l a rvae  consuming  resin 
acid in t he  diet .  L a r v a e  fed the  res in  acid d ie t  w i t h  l~ 
choles terol  showed a 270~ weigh t  increase  whi le  l a rvae  
fed the  con t ro l  d ie t  a u g m e n t e d  b y  1% cholesteroI  showed 
only  a 25% weigh t  increase.  I t  m a y  therefore  be con-  
c luded  t h a t  t he re  is a n t a g o n i s m  be tween  resin acid and  
steroid,  and  t h a t  tile effect  involves  the  h o r m o n a l  s y s t e m  
of the  insect .  

10 Isolated from Pinus resinosa needles 11. 
11 l-). F. ZINKEL and W. B. CLARKE, unpublished. 
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Summary. I t  is shown t h a t  the  r eac t ion  be tween  v i t a m i n  K a and  sod ium su lph i te  u n d e r  physiological  condi t ions  leads 
to  t he  f o r m a t i o n  of free rad ica l  in te rmedia tes .  

M u c h  a t t e n t i o n  has  been  pa id  to su lph i te  and  i ts  organic  
add i t i on  c o m p o u n d s  as t h e y  a c c u m u l a t e  in foodstuffs  1-3. 
A l t h o u g h  the re  are m a n y  obs e r va t i ons  on  b iochemica l  
a l t e r a t i ons  i nduced  b y  sulphi te ,  i ts  role in  biological  sys- 
t e m s  is sti l l  sub jec t  to  con t rove r s i a l  i n t e rp re t a t i on* .  Vi- 
t a m i n  K a (menad ione ;  2 -methy l - I ,  4 - n a p h t h o q u i n o n e )  (1) 
ha s  r ecen t l y  been  shown  to  i nh i b i t  t he  mic rosoma l  l ipid 
p e r o x i d a t i o n  and  t he  i ron-ca ta lyzed  l ipid pe r ox i da t i on  of 

t he  l iver  cells ~,6. I t  has  also been  shown t h a t  1 reac ts  
w i t h  su lph i te  to  form a wa te r - so lub le  b i su lph i te  add i t i on  
c o m p o u n d  2, whose  med ic ina l  ef fect iveness  p r e s u m a b l y  
resul t s  f rom regene ra t ion  of the  v i t a m i n  in basic  in tes -  
f ina l  f luid v ia  e l imina t ion  of su lph i te  7. So far  no  infor-  
m a t i o n  is ava i l ab le  descr ib ing  these  mechan isms .  W e  
h a v e  found  t h a t  t he  a t t a c k  of su lph i te  on  1 u n d e r  phys -  
iological cond i t ions  (pH 7-8) p roduces  free radicals  wh ich  
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were ident i f ied  by  in vi t ro  ]~SR measurements .  Some 
in te res t ing  resul ts  of the  b isulphi te  e l iminat ion  of the  
su lphona te  2 by  O H -  are also p resen ted  here. 

Materials and methods. T r e a t m e n t  of menad ione  
(Merck, D a r m s t a d t ,  13RD) wi th  Na2SO a was carr ied out  

as follows: A few crys ta ls  of the  subs tance  to  be inves-  
t iga ted  were placed in the  neck of an E S R  cuve t te  and a 
small  por t ion  ( ~ 0 . 7  ml) of the  chosen solution (NaeSO a 
equiva len t  to  400 p p m  SOe) - previous ly  freeze t h aw ed  to 
10 5 to r r  - was allowed to tr ickle slowly onto  them,  A 

Fig. 1. E S R - s p e c t r u m  ob ta ined  f rom reac t ion  m i x t u r e  1 /Na2SOa(pH 
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trig. 2. E S R - s p e c t r u m  o b t a i n e d  f rom r e a c t i o n  m i x t u r e  2 / O H -  
(pH 7-8). 
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7-8). 

m a x i m u m  E S R  signal in t ens i ty  was observed approxi -  
ma te ly  concur ren t  wi th  comple te  dissolution. For  pur-  
poses of a q u a n t i t a t i v e  eva lua t ion  of the  role of free 
radicals in the  reactions,  weighed amoun t s  of subs tance  
and solvent  were employed,  the  procedure  remaining  
as descr ibed above. For  radical  concen t ra t ion  measure-  
ments ,  the  double  in tegra ted  signal observed at  m a x i m u m  
in tens i ty  was compared  wi th  t h a t  of a f reshly  ca l ibra ted  
s t anda rd  solut ion of F r e m y ' s  sal t  recorded under  iden- 
t ical  spec t rome te r  condit ions.  Each  exper imen t  was 
repea ted  3 t imes  a t  each concent ra t ion .  The E S R  spec- 
t r o me t e r  is descr ibed elsewhere s. The microwave fie- 
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quency  was de te rmined  using a H ew l e t t -Pack a rd  5246 
L f requency  counte r  and  the  magnet ic  field wi th  an 
A E G  nuclear  magnet ic  resonance  f ieldmeter .  Spl i t t ing  
cons tan t s  were de te rmined  by  compar ison  wi th  an aque-  
ous solut ion of F r e m y ' s  sal t  (a~r = 13.01 G). 

Results and discussion. Ass ignmen t  of the  radical  inter-  
media te  responsible  for the  spec t rum in Figure 1 was no t  
trivial,  and hence  will be e labora ted  in some detail .  
Superficial ly the  spec t rum could be analyzed on the  basis 
of qu in te t s  arizing f rom 4 H - 4 H  pro ton  in teract ions .  
However ,  depa r tu re  f rom the  expec ted  b inominal  in ten-  
s i ty  re la t ionships  and the  di f f icul ty  of assigning a realis- 

1 J-I. P. TIL, V. J. FERON a n d  A. P. DE GROOT, Fd.  Coslnet.  Toxic .  
10, 463 (1972). 

2 W. B. GIBSON a n d  F. M. STROXO, Fd .  Cosmet.  Toxic.  12, 615 
(1974). 

a A. C. ROBERTS and D. J. McW~xY, J. l~'d. Technol. 7, 221 {1972). 
H. D. CRE~*~R and D. H6TZEC, Int. Z. Vitam Forseh. 40, 52 (1970). 

5 j .  H6GBER% ST. ORRENIUS and P. J. O'BRI~N, Eur. J. Biochem. 
59, 449 (1975). 
M. JACOBSON, "N. LeVlN, A. Y. H. Lu, A. H. CONVEY and R. 
KUNTZMANN, Drug Metab. Disposition 1, 766 (1973). 

7 F. H.  GREENBERG, K. K. LEUNG a n d  M. L~.'uNo, J .  chem.  E d u c .  
,18, 632 (1971). 

s W.  G. FILBY a n d  K. GI?Na'HER, Z. Na tu r fo r s ch .  27b, 1289 (1972). 
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t ic set  of pa r ame te r s  for these  in terac t ions  render  th is  
analysis  suspect .  We expec t  f rom the  me thod  of prepa-  
ra t ion  and the  overall  chemis t ry  (i. e. the  known produc t  
being sulphi ted  in the  2 position) 7 the  anion 3. For  this,  
excep t  for the  p ro tons  of the  me thy l  group, none are 
symmet r i ca l ly  equiva len t  and 6 d i f ferent  hyper f ine  split-  
t ings migh t  be p resen t  (acids r aa # a5 # aG r a7 # as). 
P resuppos ing  1 anion s t ruc ture  and in te rpre t ing  the  
spec t rum on the  basis of an accidenta l  equivalence of 
p ro tons  5, 6, 7, 8, provides  the  excel lent  f i t  shown in the  
st ick d iagram (Figure 1). The hyper f ine  spl i t t ings are in 
good agreement ,  t hough  somewha t  lower t h a n  those  in 

Table I. Proton hyperfine splittings in the ESR-spectra of vitamin 
K a intermediates 

Method of Hies (gauss) at position numbers Refe- 
preparation/~oh~ent reuc. 

2 3 5 6 7 8 

red. with Na2SOa/H20 3.02 2.33 0.66 0.66 0.66 0.66 this 
Ka-sulphonate + OH-/H20 work 
K rnirror/EtOH 2.911 2.467 0.48 0.78 0.56 0.71) u 
K mirror/EtOH/H~O 3.01 2.38 0.64 0.64- 0.64 0.64 10 
eleetroehem, red. 2.94 2 .40 0.59 0.59 0.59 0.59 1~ 
OH /H20 

Table II. Radical anion yields in the system K a Na2SO a 
(Na~SO a = 10 -t M) 

M e n a d i o n e  colic,  M e a n  r a d i c a l  3 on conc .  C o n v e r s i o n  to 
(M/1 • 10 -8) (M/1 • 10 a) a n i o n  (%)  

2.70 2.38 88 
1.40 1.30 93 
0.70 0.65 92 

the  l i te ra ture  (Table I). There  appears  to be a so lvent  
effect  on the  spl i t t ing cons tan t s  as ye t  q u an t i t a t i v e l y  
unpredic table .  

We conclude, beyond  all reasonable  doubt ,  t h a t  it  is 
the  anion 3 wi th  which  we are concerned in these  experi-  
ments .  The role of the  anion in t he  overalt  chemis t ry  
follows f rom the  d a t a  summar ized  in Table II  and  shows 
t h a t  the  react ion 

Ka -k S O 7  -~ K7 + SO;- (1) 
is essent ial ly  quan t i t a t ive .  

These results,  t aken  wi th  the observa t ion  for near  
quan t i t a t i ve  su lph i ta t ion  of 1 by  Na2SOa, s t rongly  sug- 
gest  t h a t  3 is an in t e rmed ia te  en route  to the  su lphona te  
2. Similarly the  rapid radical  bui ld-up and its except ional  
s tabi l i ty  suggests  t h a t  the  ra te -de te rmin ing  s tep is the  
subsequen t  sn lph i ta t ion  of the  radical  anion by  SOs- - .  

Figure 2 shows the  E S R - s p e c t r a  observed on t rea t ing  
the  su lphona te  wi th  N a O H  solution (pH 7-8). Unfor tu -  
na te ly  we have  been unable  to in te rp re t  the  spec t rum 
2a, except  to  po in t  out  t h a t  it is of a comple te ly  di f ferent  
na tu re  to  t h a t  shown in Figure 1 (spectral  wid th  of only 
5-6 G) and und i s tu rbed  by  the  lat ter .  I t  can be analyzed 
on the  basis of 2H (aromatic  ring protons)  3H (CHa) - 
2H (aromatic  r ing protons)  in terac t ions  leading to over- 
lapping p a t t e rn s  of 2.0, 0.49, 0.14 G hyperf ine  spli t t ings.  
We  can t en t a t ive ly  ascribe th is  to a semiquinone der ived 
di rec t ly  from the  su lphona te  w i t h o u t  fission of the 
SO~Na group, where  the  acc identa l  equivalences p resen t  
in the 1 anion are r emoved  by th is  group. I t  can, how- 
ever, be said wi th  ce r t a in ty  t h a t  a longer reac t ion- t ime 
leads to fo rmat ion  of the  I a~!ion as observed in Figure 1, 
possibly in parallel  or consecut ive  react ions b u t  more 
likely caused by  the  slow removal  of the  SOaNa group 
by  OH- .  

9 M. R. I)AS, H. D. CO.XNOI% 1). S. LENIART and j. H. FI<~r..'D, J. 
Am. chem. Soe. 92, 2258 (1970). 

10 ol. E. W~:RTZ and J. L. VIvo, J. chem. Phys. 2d, 479 (1956). 
11 j .  M. FRITSCH, S. V. TATXVA\VADI and N. N. ADASIS, J. phys. 

Chem. 71, 338 (1967). 
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Summary: Coccuvine C17H~,NO~, m.p. 137-38 ~ a new alkaloid fl:om Cocculus lauri/olius DC has been assigned the  struc-  
ture  and s te reochemis t ry  as (I) on the  basis of spectroscopic  s tudies  and chemical  correlat ion.  

Conf i rmat ion  of hypo tens ive  ac t iv i ty  1 in Cocculus 
lauri/olius DC (Menispermaceae) p r o m p t e d  its re invest i -  
gation,  which resul ted  in the  isolation of new dibenz(d,  f)- 
azonine bases ~ and the  abnormal  Erythrina alkaloids a. 
Former ly ,  f rom this  p lant ,  1 -benzyl te t rahydroisoquino-  
line4 a, aporphineT, s, bisbenzylisoquinoline 9,10 and  Ery- 
thrina alkaloids n la had  also been isolated. Cont inued 
search for t he  act ive principle(s) f rom the  alkaloidal 
f rac t ion f rom the  leaves of the  p lan t  has  now- yie lded a 
new base n a m e d  Coccuvine. The presen t  communica t ion  
repor t s  essent ial  da t a  which  have  led to the  ass ignment  
of s t ruc ture  1 w i th  s t e reochemis t ry  as shown for the 
coccuvine.  

The phenol ic  f rac t ion of the  alkaloidal mix tu re  f rom 
the  leaves of C. tauri/olius DC was carefully ch roma to -  
g raphed  on neu t ra l  A120 a column. E lu t ion  wi th  chloro- 
f o rm/me thano l  (98 : 2) yielded coccuvine m. p. 137-38 ~ The 

molecular  formula  C17H19NO2 (M r 269) for the  base 
emerged f rom its e lementa l  analysis 14 and was conf i rmed 
by  mass spec t romet ry .  I t s  I R - s p e c t r u m  had absorp t ion  
band  at  3450 cm 1 for a hydroxy l  funct ion and the  UV- 
spec t rum (2m,, 228 and 282 nm) was very  similar to t h a t  
of a romat ic  Erythrina alkaloids 15, hav ing  a 1,6-diene 
system.  The N M R - s p e c t r u m  of the  base was a lmos t  
ident ical  wi th  erysot r ine  1~ and ery thra l ine  15, t he  only 
a p p a r e n t  difference being in the  n u m b e r  of signals for 
m e t h o x y l  and me t h y l en ed i o x y  groups. In  coccuvine (1) 
there  was no signal for an aryl  me t h o x y t  funct ion,  a 3 
p ro ton  signal for - C H - O - M e  resona ted  at  T 6.74. Of the  

I 

3 aromat ic  protons,  2 meta or iented  pro tons  w e r e  cent red  
at  T 3.24 (J _ 2.0 Hz) and  an ortho or iented  p ro ton  clear 
of o thers  a t  v 2.92 (1H, d , J  = 9.5 Hz);  3 otefinic pro tons ,  
w i th  one a t  low field v 3.45 (1H, d, d, J = 11.0 Hz  and 
J2 = 2 Hz), the  o ther  a t  T 4.02 (1H, d, d, J1 = 10 Hz and 


