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k i n s h i p  of (I) a n d  (II)  to  more l l in  9 C3~HssO 7 a n d  moreol -  
l in  1° C83H400 s, two  k n o w n  p i g m e n t s  f rom t h e  seed coa t  is 
a p p a r e n t  f rom t h e  chemica l  a n d  biological  p rope r t i e s  ~,3,6. 

T h e  cha rac t e r i s t i c  f o r m a t i o n  of ana logous  d e r i v a t i v e s  
f r o m  (I) a n d  (II)  is, however ,  m a r k e d  b y  t h e  facile c rys ta l -  
l i sa t ion  of those  of (I) p r e s e n t e d  in t h e  Figure .  (I) a n d  (II)  
c o n t a i n  no  m e t h o x y l  or  free ca rboxy l i c  groups.  T h r e e  of 
t h e  o x y g e n  a t o m s  in  (I) are  d e m o n s t r a b l e  as acidic  p h e n o l  
( so lubi l i ty  in  aq. s o d i u m  c a r b o n a t e ) ,  enol  ( fo rma t ion  of 
red  coppe r  comp lex  ana logous  to  i somore l l in  1°) a n d  a 
t e r t i a r y  h y d r o x y l  group.  Two more,  pheno l i c  a n d  e a r b o x y l  
ca rbony l ,  c o n t r i b u t e  to  a n  ~ , f l - u n s a t u r a t e d  J - l ac tone  
sys tem.  A h i n d e r e d  phenol ,  a c a r b o n y l  g roup  p a r a  to  t h e  
acidic pheno l i c  m o i e t y  a n d  a poss ib le  oxide  r ing  m a k e  u p  
for t h e  r e m a i n i n g  th ree .  T h e  p resence  of t h r e e  doub le  
b o n d s  is i n d i c a t e d  b y  c a t a l y t i c  r e d u c t i o n  of (I) a n d  ( I I I )  
to  t h e  c o r r e s p o n d i n g  hexahydro-compounds (XII) a n d  
(XlII). (I) r eac t s  w i t h  c a r b o n y l  reagen t s ,  b u t  t h e  p rod -  
uc t s  do n o t  seem typ ica l .  W i t h  s e m i c a r b a z i d e  a n d  h y d r o -  
xy l amine ,  (I) fo rms  C34H41OsN3, m . p .  255 ° (s inters  a t  
180°), a n d  C33H,0Osl%2, m .p .  172-174 °, respec t ive ly .  S imi-  
l a r ly  t he  methyl ether (III) r eac t s  w i t h  s emica rbaz ide  a n d  
p h e n y l h y d r a z i n e  to  g ive  C3~H~30~N 3, m . p .  128-132 °, a n d  
C40H~9OTN 2, m . p .  153-155 °, respec t ive ly .  The t h r e e  
pheno l i c  g roups  re fe r red  to  are,  a p p a r e n t l y ,  p a r t  of ph loro-  
glucinol  recognized  a m o n g  t he  p r o d u c t s  of a lka l i  fus ion  of 
(I) a n d  (II)  c o n t a i n i n g  m e t h y l h e p t e n o l ,  h o m o p h t h a l i c  a n d  
i sovaler ic  acids w h i c h  are  also , formed b y  more l l in  ~1,1~. 
(I) does  n o t  r e a c t  w i t h  d i a z o a m i n o b e n z e n e  n o r  couple  w i t h  
d iazo t i zed  s u l p h a n i h c  acid,  t h u s  i n d i c a t i n g  t h e  p resence  
of a ful ly  s u b s t i t u t e d  ph lo rog luc ino l  s t r u c t u r e  as repre -  
s en t ed  in t h e  Figure .  B y  t h e  ac t ion  of alkalies,  t he  l ac tone  
r ings  in  (I) a n d  (II) are  opened  a n d  t h e  l i b e r a t e d  acids  
c h a n g e d  to  t h e  trans form,  gutti]eric acids (cf. V),  accom-  
p a n i e d  b y  a sh i f t  in  t he  doub le  b o n d s  a f fec t ing  t h e  enol ic  
group.  P h y s i c o - c h e m i c a l  d a t a  w h i c h  inc lude  u l t r a - v i o l e t  
a n d  i n f r a r ed  s p e c t r a  a n d  co lour  r eac t ions  s u p p o r t  t h e  
i somer ic  c h a n g e s  (vide Fig.)  occu r r ing  d u r i n g  m e t h y l a t i o n  
of (I) a n d  (III) to  t h e  dimethyl ether ( IV)  a n d  of (v i i i )  to  
( IX)  b y  m e t h o d  (B) viz., w i t h  m e t h y l  iodide  in  ace tone  in 
p resence  of p o t a s s i u m  c a r b o n a t e ,  as well  as d u r i n g  
a c e t y l a t i o n  to  t h e  monoacetyl-compound (VI) w i t h  p y r i d i n e  
a n d  ace t ic  a n h y d r i d e  ( m e t h o d  C). 

A p a r t  f rom f o r m a t i o n  of ana logous  d e r i v a t i v e s  w i t h  
s imi la r  spec t r a l  cha rac te r i s t i c s ,  t h e  close relat ior~ship be-  
t w e e n  (I) a n d  (II) is f u r t h e r  sugges ted  b y  o x i d a t i o n  w i t h  

s o d i u m  h y p o b r o m i t e  to  t h e  s ame  bromo-acid m . p .  199 to  
200 ° r~ Et°H 230 mt~ ( logK = 1.625) a n d  312 m~z ( l ogK = L-'max 
1.561 sti l l  u n d e r  i nves t iga t ion .  These  a n d  o t h e r  d e g r a d a t i v e  
r eac t ions  of (I) a n d  (I1) will  be  d iscussed  elsewhere.  

L ike  morell in9,  ~2,1a, (I) a n d  (II) are  specif ical ly  ac t ive  
a g a i n s t  G r a m - p o s i t i v e  b a c t e r i a  a n d  t h e  b a c t e r i o s t a t i c  
effect  a g a i n s t  Microeoccus pyogenes v a r . - a u r e u s  (MIC 
0.1-1 ~g/ml)  is r eve r sed  b y  m e t h i o n i n e ,  a lbe i t  to  a lesser  
ex t en t .  F u r t h e r ,  t h e y  show s imi la r  cross reac t ions .  T h e  
presence  of b lood  s e r u m  on  t h e i r  a n t i b a c t e r i a l  a c t i v i t y  is 
less p r o n o u n c e d  a n d  e x p e r i m e n t a l  s t aphy lococca l  in-  
fec t ions  in  mice  are  con t ro l l ed  b y  (I) a n d  (II). 

Zusammenfassung. Die Iso l ie rung,  C h a r a k t e r i s i e r u n g  
u n d  a n t i b i o t i s c h e n  E i g e n s c h a f t e n  y o n  a -Gu t t i f e r i n  (I), 
C33HssOs (Smp.  113-115°),  aus  den  S a m e n h i i l s e n  u n d  
v o m  n a h e  v e r w a n d t e n  f l -Gut t i fe r in  (II) ,  C~9H360 6 oder  
C~3_34Hss_400 s (Snap. 86-91 °) (m6glichel-weise i d e n t i s c h  
m i t  ~ -Gambogas~ure ) ,  aus  G u m m i g u t t ,  d e m  h a r z i g e n  
Sek re t  y o n  Garcinia morella, w u r d e n  be sch r i eben  u n d  ih re  
V e r w a n d t s c h a f t  zu Morel l in  u n d  Moreoll in,  den  b e i d e n  
b e k a n n t e n  P i g m e n t e n  t i e r  Samenhi i l sen ,  darge legt .  F t i r  I 
w u r d e  eine P a r t i a l s t r u k t u r  vorgeseh lagen .  Die  B i l d u n g  
de r se lben  k o m p l e x e n  b r o m h a l t i g e n  S~ure  v o m  Smp.  199 
b is  200 ° u n t e r  de r  E i n w i r k u n g  v o n  N a t r i u m h y p o b r o m i t  
au f  I u n d  I I  s p r i c h t  f e rne r  ffir de ren  n a h e  s t r u k t u r e l l e  
V e r w a n d t s c h a f t .  

K. V. NAGESWARA RAO a n d  P. L. NARASIMHA RAO 

Antibiotics Laboratory, Department o] Biochemistry, Indian 
Institute of Science, Bangalore (India), December 23, 7960. 

9 p. L. NARASIMHA RA0, D. V. KRISHNA I%IURTHY, and S. C. L. 
V~R~tA, Naturwiss. 41, 66 (1954). - T h e  previous molecular formula 
for morellin C30H3~O 6 has been subsequently revised to C33H3s07 
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10 The revised molecular formula C33Ha0Os (cf. a) conforms to its 
formation from morellin by the action of alcoholic potassium 
acetate and its change to is.omorellin by pyridine (P. L. NARA- 
SIMHA RAO et al., unpublished results). 

n B. S. RAO, J. chem. Soc. 1937, 853. 
1~ S. C. L. VERMA, Ph.D. Thesis (Sept. 1954), University of Bombay. 
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Estrogenic Activity and Steric Hindrance 
to Coplanarity of Alkyl Substituted 

4, 4 ' -Dimethoxyst i lbenes  1 

Since t h e  p ionee r ing  work  on  ar t i f ic ia l  e s t rogens  b y  
COOK a n d  DODDS2, a g r ea t  n u m b e r  of c o m p o u n d s  h a v e  
b e e n  t e s t e d  for  e s t rogen ic  p rope r t i e s  s. C o m p a r i s o n  of 
a c t i v i t y  is d i f f icu l t  because  of t h e  va r ious  a s say  p r o c e d u r e s  
t h a t  h a v e  b e e n  used.  C o m p o u n d s  showing  a c t i v i t y  com- 
p a r a b l e  to  t he  n a t u r a l  f emale  sex h o r m o n e s  are to  be  found  
in  t he  classes of s t i lbene  d e r i v a t i v e s  (s t i lbestrol) ,  t h e  di- 
p h e n y l e t h a n e  d e r i v a t i v e s  (d ienes t ro l  a n d  hexes t ro l )  a n d  
a m o n g  t he  doisynol ic  acids.  T h e  m o s t  ac t ive  s u b s t a n c e s  
h a v e  in  c o m m o n  t h a t  t h e  molecules  cons i s t  of a r a t h e r  
large,  r igid,  ske le ton  wi th ,  in  m o s t  cases, a h y d r o x y l  
g roup  a t  b o t h  ends.  Poss ib ly ,  t h e r e  ex is t s  a n  o p t i m u m  
d i s t ance  for  t h e  two  h y d r o x y l  g roups  4. F r o m  t h e  large  
d i f ferences  in  b iological  a c t i v i t y  a m o n g  t h e  a, m'-dialkyl-  
4, 4 ' - d i h y d r o x y s t i l b e n e s ,  i t  is c lear  t h a t  also o t h e r  s t ruc -  

t u r a l  f ea tu res  a re  i m p o r t a n t .  OKI s t ud i ed  s t i l bene  de r iva -  
t i ve s  w i t h  ha logeno  a n d  t h i o m e t h y l  g roups  a n d  conc luded ,  
f rom spec t roscop ica l  da t a ,  t h a t  t h e  t h i cknes s  of t h e  mole-  
cule m a y  b e  a c r i t ica l  f ac to r  5. W e  h a v e  m e a s u r e d  t he  
es t rogenic  p rope r t i e s  of a series of a lky l  s u b s t i t u t e d  4, 4 ' -  
d i m e t h o x y s t i l b e n e s  s, in  w h i c h  o t h e r  t h a n  s ter ic  effects  
are  min imized .  

1 The contents of this paper have been reported in more detail in the 
thesis of W. H. LAARHOVEN, Leiden (1959). 

2 .1- W. Cook and E. C. DODDS, Nature 131, 56, 205 (1933). - E. C. 
DODDS and W. LAWSOt¢, Nature 137, 996 (1936); 139, 627, 1068 
(1937); 140, 772 (1937). 

8 See for reviews: U. V. SOLMSEN, Chem. Reviews 37, 400 (1945).- 
J. GRUNDY, Chem. Reviews 67, 281 (1957). 

a F. W. SC~UEL~R, Science 103, ~2~1 (1946). - H. H. KEASLXNG and 
F. W. SCHUgLER, J. Amer. pharm. Assoc. 39, 87 (1950). 

6 M. OKI, Bull. chem. Soc. Japan 25, 112 (1952); 26, 37 (1953). 
6 W. H. LAARHOVEN, R. J. F. NIVARD, and E. H•VXNGA, Rec. Trav. 

chim. Pays-Bas 79, 1153 (1960); 80, in press (1961). 
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Relation between relative estrogenic activity and angle of twist in 
substituted 4, 4'-dimethoxystilbenes 

Substitution on the estrogenic angle relative 
4, 4'-dimethoxystitbene activity ~ 9b activity~ 

none 10 0 ° < 0.06 % 
~-methyl 0.47 26 ° ~ 1  % 
2, 2'-dimethyl 5.5 28 ° ~ 0 . 1 %  
2, 2"-diethyl 5.4 30 ~ ~ 0 . 1 %  
~, 2'-dimethyl 0.47 31 ° ,~1 % 
~, 2-dimethyl 0.52 33 ° ,~1 % 
2, 2", 6, 6'-tetramethyl 0.21 45 ° r-~3 % 
ce,~'-dimethyl 0.12 53 ° ~ 5  % 
~,2,2'-trimethyl 0. t l  60 ° --~5 % 
~,c~'-diethyl 0.006 68 ° 100 % 
a,~', ~-trimethyl 0.0058 71 ° I00 % 
a,c¢', 2, 2'-tetramethyl 0.0051 90 ° > 100 % 

Minimum dosis, mg. Using groups of five mice for each assay, com- 
pounds dissolved in peanut oil were injected subcutaneously. For 
each compound the concentration was determined that brought 
about cornification in vaginal smears of some-  not all--mice of the 
test group. For exact establishment of minimum doses, more animals 
would be required, but we think that for the present preliminary 
account our method is adequate. It was verified that with 0.1 7 
estradiol eornification could still be induced. 
Calculated from UV-data ~. 

o Dimethylether of stilbestrol as a standard (=  100). 

Biologica l  a s say  was  m a d e  w i t h  t h e  At len -Doisy  tes t .  I n  
v iew of t h e  close s t r u c t u r a l  s imi l a r i t y  of t h e  c o m p o u n d s  
t e s t ed ,  we suppose  t h a t  t h e  d i s a d v a n t a g e  of t h e  m e t h o d  
does  n o t  in f luence  o u r  resul t s .  Becaus e  of d i f f i cu l ty  in  

p u r i f y i n g  t h e  h y d r o x y  c o m p o u n d s ,  we t e s t e d  t h e  d i m e t h -  
oxy  c o m p o u n d s .  As on ly  r e l a t i ve  po tenc ie s  a re  compared ,  
t h i s  m e t h o d  seems to  b e  permiss ib le .  

Our  r e su l t s  are  s u m m a r i z e d  in  t h e  Tab le ,  w h i c h  shows  
t h a t  t he  a c t i v i t y  increases  w i t h  t h e  n u m b e r  a n d  size of t h e  
a lky l  s u b s t i t u e n t s .  T h e  ef fec t  is g r e a t e r  w i t h  t h e  a tky l  
g roups  in  t h e  a- t h a n  in  t h e  o-posi t ions.  Pa r a l l e l i sm  is 
o b v i o u s  b e t w e e n  t h e  r e l a t i ve  e s t rogen ic  ac t i v i t i e s  a n d  t h e  
ang le  of t w i s t  of t h e  p h e n y l  nuclei .  I t  sugges t s  t h a t  in  t h e  
class  of d i m e t h o x y s t i l b e n e s  s te r ic  h i n d r a n c e  to  c o p l a n a -  
r i t y  m a y  be  one  of t h e  f ac to r s  e s sen t i a l  t o  s t r o n g  bio-  
logical  ac t iv i ty .  The  s t r o n g  increase  of a c t i v i t y  for  ang les  
b e t w e e n  60 a n d  70 ° is r e m a r k a b l e .  T h e  p resence  of  sub-  
s t i t u e n t s  of a c e r t a i n  fo rm a n d  bu lk ines s  m a y  also be  one  
of  t h e  r e q u i r e m e n t s  for  h i g h  ac t iv i ty .  T h e  d a t a  on  t h e  two  
l a s t  c o m p o u n d s  p r o v e  t h a t  o p t i m a l  a c t i v i t y  m a y  be  ob-  
t a i n e d  w i t h o u t  e t h y l  g roups  as ~ - subs t i t uen t s .  

Zusammenfassung. Ffir  eine Re ihe  Me thy l -  bzw.  ~ t h y l -  
s u b s t i t u i e r t e r  4 , 4 ' - D i m e t h o x y s t i l b e n e  i s t  die r e l a t i ve  
6 s t rogene  W i r k s a m k e i t  e r m i t t e l t  worden .  D a b e i  e r g a b  
s ich eine Pa ra l l e l e  zwischen  de r  A k t i v i t i t t  u n d  d e m  G r a d  
de r  s t e r l s chen  H i n d e r u n g ,  welche  die K o p l a n a r i t A t  de r  
b e i d e n  P h e n y l k e r n e  a u f h e b t .  M a x i m a l e  W i r k s a m k e i t  
k o n n t e  a u c h  m i t  Methy l - ,  n i c h t  n u t  m i t / ~ t h y l g r u p p e n  a n  
de r  D o p p e l b i n d u n g  e r r e i c h t  werden .  

w .  H.  LAARHOVEN, I{. J.  F.  NIVARD, a n d  E.  HAVINGA 

Laboratory o[ Organic Chemistry, Preclinical Institute. R. C. 
University, Ni~megen, and Laboratory o] Organic Chem- 
istry, The University, Leiden (The Netherlands), January 
24, 196t. 

S o m e  P h y s i c o - C h e m i c a l  P r o p e r t i e s  
o f  M o u s e  R e d  C e l l s  a n d  H e m o g l o b i n  

Hete rogene i t i e s  a m o n g  a d u l t  h e m o g l o b i n s  f rom d i f fe ren t  
i n b r e d  s t r a i n s  of mice  h a v e  been  d e m o n s t r a t e d  e lect ro-  
phore t i ca l ly .  B y  m e a n s  of f i l te r  p a p e r  e lec t rophores is ,  
t w o  classes,  a s ing le -spo t  (Hb  1) a n d  a di f fuse  t y p e  ( H b  2) 
h a v e  b e e n  d i s t i ngu i shed  1; b y  s t a r c h  gel a n d  s t a r c h  b lock  
e lec t rophoreses  of h e m o g l o b i n  f rom f ive i n b r e d  s t r a i n s  of 
mice,  four  d i s t i n c t  p a t t e r n s  could  be  obse rved  s epa rab l e  
b y  t h e  pos i t ion  a n d  n u m b e r  of b a n d s  ~. T he  l a t t e r  f ind ings  
wou ld  i nd i ca t e  t h a t  t h e r e  are  p r o b a b l y  more  t h a n  t h e  two 
allelic h e m o g l o b i n  t y p e s  t h a t  were  p o s t u l a t e d  previous ly* .  
A l t h o u g h  each  v e r t e b r a t e  species was  t h o u g h t  to  h a v e  
h e m o g l o b i n s  c h a r a c t e r i s t i c a l l y  assoc ia ted  w i t h  i t s  fe ta l  
s t age  a n d  p o s t n a t a l  life, h e m o g l o b i n s  of n e w b o r n  a n d  
l a t e r - s t age  fe tuses  of mice  (viz., C 5 7 B L / 6 J )  were  r e c e n t l y  
d i scovered  to  be  i n d i s t i n g u i s h a b l e  f rom t h a t  of t h e  a d u l t  
u p o n  s t a r c h  gel e l ec t rophores i s ;  also, no  s ign i f i can t  differ-  
ences  of l a t e  f e t a l  a n d  a d u l t  mouse  h e m o g l o b i n  (viz., C B A  
s t ra in )  cou ld  be  d e t e c t e d  w i t h  r e s pec t  to  a lka l i  d e n a t u r -  
a t i o n  (J.  BARROWMAN, pe r sona l  c o m m u n i c a t i o n ) .  Th i s  
p a p e r  r e p o r t s  o n  f u r t h e r  m e t h o d s  app l i ed  to  ' f e t a l '  a n d  
a d u l t  m o u s e  h e m o g l o b i n  a n d  red  b lood  cells in  a t t e m p t s  
to  d e t e c t  specif ic  differences.  

Mice  f rom seven  i n b r e d  s t r a i n s  (C57BL/Ks ,  C 5 7 B L / 6 J ,  
C57BR/cd ,  C58/J ,  D B A / 1 ,  DBA/2, J3ALB]c, a n d  C 3 H / H e J )  
a n d  t h r e e  h y b r i d s  (CAF1, BAF1,  a n d  BDF1) were  used.  
F e t a l  b lood  was  de r ived  f rom e m b r y o s  t h a t  were a t  leas t  
two  weeks  old. P r e p a r a t i o n  of smea r s  w i t h o u t  p l a c e n t a l  
(ma te rna l )  b lood  c o n t a m i n a t i o n  f rom y o u n g e r  fe tuses  was  
t e c h n i c a l l y  diff icul t .  I t  h a s  b e e n  r e p o r t e d  t h a t  hemo-  
g lob in  of a d u l t  h u m a n  red  cells, in  c o n t r a d i s t i n c t i o n  to  

fe ta l  hemog lob in ,  was  r ead i l y  e lu ted  in a f ixed s m e a r  b y  
a n  ac id  c i t r a t e  buffer4-% I n  p r e l i m i n a r y  e x p e r i m e n t s  w i t h  
mouse  red  cells i t  was  found  t h a t  a s l igh t  increase  of 
e x t r a c t i o n  t i m e  f rom 1 (op t ima l  for m a n )  to  11/2 miD a t  a 
b u f f e r - p H  of 3.5 gave  t h e  m o s t  u n i f o r m  resul ts .  Two 
s t a in s  were  employed ,  t h e  ferr ic  f e r r i cyan ide  r e d u c t i o n  for  
free s u l p h y d r i l  g roups  a n d  t h e  inc l ina t ion-coupled  t e t r a -  
z o n i u m  s t a i n  for a r o m a t i c  a m i n o  acids.  H u m a n  red  b lood  
cells s t a i n e d  b y  the se  m e t h o d s  also were  used  for purposes  
of compar i son .  A l t h o u g h  n e i t h e r  of t h e  h i s t ochemica l  
t e c h n i q u e s  is specific for  hemoglob in ,  u n d e r  t he  cond i t ions  
of t h e  p r o c e d u r e  t h e y  a re  s a t f s f ac to ry  in v iew of t he  large  
a m o u n t  (90%) of h e m o g l o b i n  c o m p a r e d  to  o t h e r  p r o t e i n s  
in  r ed  b lood  cells. B y  t h e  ferr ic  f e r r i cyan ide  r e d u c t i o n  
s~ain, r e d  cells of all  s t r a i n s  of mice,  b o t h  a d u l t  a n d  feta l ,  
g ive a h o m o g e n e o u s  deep  b lue  color  of P rus s i an  b lue  p r i o r  
to  e x t r a c t i o n .  All  s t r a i n s  of t he  or ig ina l  H b  1 (C57BL/6 ,  
C 5 7 B R / c d ,  a n d  C58/J) ,  a n d  also B A L B ] c  ( H b  2) fo l lowing  
ac id  d e n a t u r a t i o n  d i sp lay  on ly  a f a i n t  pa le  b lue  color,  or  
a re  e n t i r e l y  devo id  of color. A/J, D B A / 1 ,  D B A / 2 ,  a n d  
CDH/HeJ  (alt H b  2) are  no t ,  or  o n l y  p a r t i a l l y  e x t r a c t e d .  I n  
e a c h  i n s t a n c e  a d u l t  a n d  fe ta l  r ed  b lood  cells s h o w  e q u a l  
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