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50 Mol% K O H  e rh ie l t en  wir  in  einer  Ausbeu te  von  60  bis 
70% 2-Benzy l imino-4 ,4 -d ipheny l - imidazo l id in -5 -on  (Ia ,  
weisse Nade ln ,  Stop. v u n d  Miseh-Smp.  rni t  a u t h e n t i s c h e m  
Pr~LparatS: 240-241°C),  bzw. 2-f l-Morpholinoii thylimino- 
4 ,4 -d ipheny l - imidazo l id in -5 -on  ( Ib ,  weisse Nadeln,  Stop. 
und  Misch -Smp.  m i t  a u t h e n t i s c h e m  Pr i ipara tg :  194 bis 
195°C). I n  S t e l lung  3 subs t i t u i e r t e  I someren  (Ic bzw. d) 
k o n n t e n  im R e a k t i o n s p r o d u k t  n ich t  aufgefunden  werden.  

(C6H5) 2 C CO 
I i a :  R=H,  R'=C~HsCH 2- 

H N . . , C / N - R  b: R = H ,  R'=OCIHsN-C2H 4- 
It c: R=C6HsCH2-, R ' = H  

I N-R"  d: R=OC4HsN-C2HI-, R ' = H  

VVurde j edoeh  die Menge  des  e ingese tz ten  Kal ium-  
h y d r o x i d s  au f  10 M o l %  ver r inger t ,  so e rh ie l ten  wir  im 
Falle des  B e n z y l g u a n i d i n s  als R e a k t i o n s p r o d u k t  ein Ge- 
misch,  aus  we lchem d u r e h  C h r o m a t o g r a p h i c  an  Brock- 
m a n n s c h e m  A l u m i n i u m o x y d  neben  20% d. Th, I a  45°/0 
d. Th.  des  i someren  3-Benzyl -5 ,5-d iphenyl -g lykocyami-  
dins (Ic, weisse P1/ i t tchen,  Smp.  und  Misch-Smp,  m i t  
a u t h e n t i s c h e m  P r ~ p a r a t S :  164-166°C) | so l | e f t  werden 
konn ten .  I m  Fal le  des N-f l -Morphol inoi i thyl-guanidins  
wurde  d u r c h  e infache  Kr i s ta l l i sa t ion  des Reakt ions-  
p r o d u k t e s  da s  3-f l -Morphol inoSthyl-5 ,5-diphenyl-glyko-  
cyamid in  (Id ,  weisse P r i smen ,  Smp.  und  Misch-Smp.  m i t  
a u t h e n t i s c h e m  P r / i p a r a t  ~o: 198-199 ° C) in ether Ausbeu te  
yon  6 0 %  e r h a l t e n ;  das  isomere  I b liess sich im Reak t ions -  
p r o d u k t  n i c h t  auf f inden .  I n  Abwesenheit yon  Kal ium-  
h y d r o x i d  k o n n t e n  59% Ic,  h ingegen  kein I a  isoliert  wer- 
den. Fi i r  die K o n d e n s a t i o n  yon  Benzi l  mi t  Guan id inen  
zu G l y k o c y a m i d i n e n  | s t  also die Ve rwendung  eines be- 
sonderen  a lka l i s chen  K o n d e n s a t i o n s m i t t e l s  n ich t  | t a m e r  
no twendig .  

Da,  wie aus  besonde r s  anges te l l t en  Versuchen  hervor-  
geht ,  I c  b e i m  K o c h e n  seiner  a lkohol ischen L6sung in 
G e g e n w a r t  v o n  1t~ Mol K a t i u m h y d r o x i d  teilweise zu I a 
u m g e l a g e r t  wird,  k a n n  de r  Einf luss  des Ka l iumhydr -  
oxids  an f  die O r i e n t a t i o n  bei  de r  Kondensa t i on  viel- 
le icht  d u r c h  die A n n a h m e  e iner  nachtrh'glichen Umlage-  
rung  de r  p r im/ i r  s t e t s  geb i lde ten  3-subs t i tu ie r ten  5,5- 
D i p h e n y l - g l y k o c y a m i d i n e  d u t c h  das  Ka l i umhydrox id  in 
die e n t s p r e c h e n d e n  2-(subst .  Imino) -4 ,4 -d iphenyl - imida-  
zol idin-5-one erkl / i r t  werden .  
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Summary  

C o n d e n s a t i o n  of benzi l  w i th  two m o n o s u b s t i t u t e d  
guan id ines  in  t h e  p resence  of 50 tool% of po tass ium 
hyd rox ide  leads  to  t he  f o r m a t i o n  of 2-(subst,  imino)-4,4-  
d ipheny l - imidazo l id in -5 -ones  ( Ia ,  b ) ; b y  reduc t ion  of the  
po t a s s ium h y d r o x i d e  used t he  fo rma t ion  of these  pro- 
ducts  is more  or  less d r i v e n  b a c k  in f avour  of the  fo rmat ion  
of 3 - s u b s t i t u t e d  5 ,5 -d ipheny l -g lycocyamid ines  (Ic, d). A 
possible e x p l a n a t i o n  for these  o r i en ta t ion  p h e n o m e n a  is 
given. 
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E f f e c t  o f  M g  ++ 

on  t h e  R e a c t i v i t y  o f  R t b o n u c l e i c  A c i d  t 

On the  basis  of s p ec t ro p h o t o me t r i c ,  op t ica l  r o t a t i on ,  
an d  s e d i m e n t a t i o n  d a t a  HASCU~MEYER et at3 h a v e  con-  
c luded t h a t  tobacco  mosaic  v i rus  nucleic acid (TMV-RNA)  
m a y  exis t  in two forms showing  a r a n d o m  coil conf igura-  
t ion in w a t e r  and  a more  s t r u c t u r e d  con f igu ra t ion  in the  
presence of salts.  One of the  mos t  cha rac t e r i s t i c  fea tu res  
of the  l a t t e r  is its m a r k e d l y  lower u l t r av io l e t  a b s o r p t i o n  
(hypochromic i ty ) .  Sal t  d e p e n d e n t  changes  in conf igura-  
t ion  accompan ied  by  a decrease  in u l t r av i o l e t  a b s o r p t i o n  
have  also been  found in s y n t h e t i c  po ly r ibonuc leo t ides  s.4, 
a n d  are  bel ieved to  be b r o u g h t  a l x m t  b y  pu r ine  py r imi -  
dine hydrogen  b o n d s  s imi la r  to  those  in I )NA 5.6. I f  a 
s imi lar  b o n d i n g  occur red  in r ibonucle ic  acid t h e  c h a n g e  
in conf igura t ion  coukl  well be  ref lected in the  r e a c t i v i t y  
of the  bases  which  m i g h t  become u n r e a c t i v e  in the  hy-  
drogen bonded  s ta te ,  l "u r the rmore ,  the  q u a n t i t a t i v e  de-  
t e rmi n a t i o n  of the  e x t e n t  to  which  the  bases  become  un-  
reac t ive  would seem i m p o r t a n t  for a closer u n d e r s t a n d i n g  
of the  changes  which  t ake  place in the  con f igu ra t i on  
of RNA.  

7"able I 
Formaldehyde binding and hypoehromic effect at various ratios of 

MgCl I to RNA-phosphorus 

Mg ++ 

RNA-P 

0 (no Mg) 
0.0O03 
0.03 
0.3 
3 

Fnrnialdehyde hound 
RNA-Amino gmups 

0'95 
0.99 
0.97 
0.50 
0.36 

It ypoehrnmic Fffect* 
de '260 nq* 

- 3,5% 
- 1 3 . 5 %  
- 14.5% 

* The hypochromic effect was deternfined by adding (bl ml of 
various MgCI a sohltiolls tO I)'9 till Of a TMV-RNA solution. 

O.5 lllg of TMV-RNA was incubated with 0.1% formaldehyde C ti 
(containing 8511 c,p,m,/[/.M) at rooill temperature {'2q°C) for .18 h. 
Total wflmne 0'5 nil. The samples were then cooled and the nucleid 
acid precipitated with ~ vnl. of cohl alcohol and a drop of 3 M am- 
lnoniuln acetate pit 5.0, The sedinlent was taken tip ill 0"3 nil of 
icecold water aild reprecipitated 5 times to remove all unbound 
formaklehyde. Care was taken to keep the temperature always at 
or below 0°C. Of the final solution of 0"3 lid ill water (I.2 mt were 
placed in a counting disll ancl dried in vacuo, and 0.005 nil were 
diluted to 1 ml and used for tile determination of the absorbance at 

~2(iO ll|[J.. 

F o r m a l d e h y d e  was shown  in a n  ear l ier  r e p o r t  ~ to  r e a c t  
w i th  the  amino  groups  of the  bases  of RNA.  T h e  e x t e n t  
to which  the  reac t ion  occurs  in the  presence  a n d  absence  
of Mg ++ was therefore  s tud ied  (Table  1), a n d  i t  b e c a m e  
ev iden t  t h a t  less f o rma l d eh y d e  was b o u n d  b y  t h e  s t ruc-  
tu red  t h a n  b y  the  r a n d o m  coil form. HASCHEMEVER el al. 
have  found t h a t  the  Mg ++ c o n c e n t r a t i o n  a t  wh ich  the  
change  to t h e  more  s t r u c t u r e d  form of R N A  takes  place 
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is a f unc t i on  of t he  R N A  c o n c e n t r a t i o n ,  t h e  r eac t ion  ap-  
p r o a c h i n g  c o m p l e t i o n  w h e n  0.5-1 molecule  of Mg++ is 
p r e sen t  per  molecule  of R N A  phospho rus .  I n  Tab le  I t h e  
resu l t s  are  the re fo re  p r e s e n t e d  on  t he  basis  of a Mg++/ 
R N A - P  ra t io  a n d  show a pa ra l l e l i t y  b e t w e e n  t h e  formal-  
dehyde  r eac t i on  a n d  t h e  h y p o c h r o m i c  effect.  F r o m  a 
q u a n t i t a t i v e  p o i n t  of v iew i t  m a y  be  i n t e r e s t i ng  to  no te  
t h a t  in t he  absence  of sa l ts  t he  same  n u m b e r  of formal -  
d e h y d e  molecules  are  b o u n d  as t h e r e  are  a m i n o  g roups  
p r e s e n t  a n d  t h a t  t h i s  a m o u n t  is r educed  b y  a b o u t  65%  
in t he  p resence  of h i g h e r  Mg++ c o n c e n t r a t i o n s .  S imi la r  
va lues  h a v e  b e e n  o b t a i n e d  w i t h  T M V - R N A  in  10 .2 to  
10 -1 M p o t a s s i u m  chlor ide  as well  as w i t h  T M V - R N A  
p r e p a r e d  b y  m e a n s  of m e t a l  c o n t a i n i n g  phenol2 .  

Th i s  s t r o n g l y  sugges ts  t h a t  t he  a m i n o  g roups  of t h e  
pu r ine  a n d  p y r i m i d i n e  bases  are i nvo lved  in  t h e  f o r m a t i o n  
of th i s  more  s t r u c t u r e d  fo rm of R N A .  Mg++ has  been  s h o w n  
to  f a v o u r  t h e  f o r m a t i o n  of doub le  a n d  t r ip le  s t r a n d e d  
hel ices t h r o u g h  h y d r o g e n  b o n d s  b e t w e e n  ba se -pa i r i ng  
po ly r ibonuc l eo t i de s  ~,4, p r o b a b l y  t h r o u g h  i ts  effect  on  t he  
n e g a t i v e  changes  of t h e  p h o s p h a t e  groups .  The  a m i n o  
groups  lose t h e i r  r e a c t i v i t y  u n d e r  these  cond i t i ons  7. F r o m  
a n  a n a l o g y  w i t h  these  mode ls  i t  m a y  be  in fe r red  t h a t  a 
base  pa i r i ng  of t h e  pu r ine  a n d  p y r i m i d i n e  bases  t akes  
place  in R N A  also. I f  t h i s  were t he  case t h e  resu l t s  would  
i nd i ca t e  t h a t  a b o u t  80% of all t h e  t h e o r e t i c a l l y  possible  
h y d r o g e n  b o n d s  h a v e  been  formed,  since pu r ines  a re  
p r e s e n t  in  a b o u t  18% excess ove r  t he  p y r i m i d i n e s  in  
T M V - R N A  8. N o t  all  t h e  bases,  the re fore ,  could  b e c o m e  
i n v o l v e d  in h y d r o g e n  bond ing .  The  u n r e a c t i v i t y  of t h e  
bases  does  n o t  necessar i ly  p e r m i t  t he  conclusion,  however ,  
t h a t  h y d r o g e n  b o n d s  h a v e  b e e n  fo rmed  since o t h e r  ways  
are  also conce ivab le  b y  w h i c h  the  a m i n o  g roups  m i g h t  be  
b locked .  ZUBAY 9 ha s  r ecen t l y  p o s t u l a t e d  t h a t  in  d e n a t u r e d  
D N A  Mg ++ m i g h t  che la t e  w i t h  t he  aden ine  a n d  g u a n i n e  
bases .  B u t  i t  seems un l ike ly  t h a t  t h i s  would  be  t he  w a y  
b y  w h i c h  Mg++ changes  t h e  c o n f i g u r a t i o n  of RNA,  s ince 
s imi la r  changes  in c o n f i g u r a t i o n  h a v e  also b e e n  o b s e r v e d  
b y  h i g h e r  c o n c e n t r a t i o n s  of m o n o v a l e n t  ions a n d  s ince 
u n d e r  t he se  cond i t ions  t he  h y p o c h r o m i c  effect  is no t  re- 
ve r sed  b y  ve r sene  ~0. 

Table 11 
Hypoehromic effect in the presence of various formaldehyde and 

Mg ++ concentrations (e ~260 mix) 

Formaldehyde 
concentration 

0.1% 
0 2 %  
0.5% 
1.0% 

H20 

0.940 
0.940 
0.950 
0.980 
0-990 

0 5 I '  3x 10- MgC12 10- MgC12 10- MgCI2 

0-930 
0-930 
0-945 
0.970 
0.985 

0.840 
0-840 
0-860 
0-900 
0.970 

0.820 
0.820 
0.840 
0.875 
0.950 

Yeast RNA it was incubated for 48 h at room temperature with the 
concentrations of formaldehyde and MgC12 indicated and the ab- 
sorption at 260 mix dermined. Glass distilled water was used through- 

out the experiment 

ear l ier  r e p o r t  b y  FRAENKEL-CONRAT 12. T h e  difference 
can be  a c c o u n t e d  for  b y  t h e  d i f fe ren t  c o n c e n t r a t i o n s  of 
f o r m a l d e h y d e  w h i c h  were used. The  effect  of va r ious  con- 
c e n t r a t i o n s  of f o r m a l d e h y d e  u p o n  t h e  op t ica l  proper t ies  
of nucle ic  acid is s h o w n  in Tab le  I I .  F o r m a l d e h y d e  in 
c o n c e n t r a t i o n s  of 0 .1% which  ear l ier  e x p e r i m e n t s 7  have  
s h o w n  to  suffice for comple t e  r eac t i on  of all  a m i n o  groups 
of the  nucle ic  acid do n o t  cause  a n y  increase  in  i t s  u l t ra-  
v io le t  abso rp t ion .  A n  increase  occurs  on ly  w i t h  h igher  
c o n c e n t r a t i o n s  a n d  is especia l ly  e v i d e n t  in  t h e  presence 
of Mg ++. 

I t  seems l ike ly  t h a t  a t  low c o n c e n t r a t i o n s  formal-  
d e h y d e  reac t s  b y  fo rmi n g  a m o n o m e t h y l o l  de r iva t ive  
( - N H - C H 2 O H )  whereas  a t  h i g h e r  c o n c e n t r a t i o n s  a di- 
m e t h y l o l  d e r i v a t i v e  ( -N-- (CH2OH)2)  is fo rmed  which 
would  be respons ib le  for  t h e  spec t roscopic  changes .  The 
la rger  increase  in t h e  p resence  of Mg++ could  be  an  in- 
d i ca t ion  t h a t  f o r m a l d e h y d e  a t  h i g h e r  concen t r a t i ons  
causes  a r eve r sa l  of t h e  sa l t  d e p e n d e n t  c h a n g e  in configu- 
r a t i o n  of R N A  la. T h e  absence  of a n y  spectroscopic  
changes  a t  low c o n c e n t r a t i o n s  ind ica t e s  t h a t  u n d e r  these 
cond i t i ons  f o r m a l d e h y d e  does n o t  a l t e r  in  a n y  w ay  the  
con f igu ra t i on  of t h e  R N A  molecule.  T h e  s to ich iomet r ic  
r e l a t i o n s h i p  b e t w een  t h e  f o r m a l d e h y d e  b o u n d  a n d  the  
a m i n o  groups  p r e s en t  as well  as t h e  ev idence  t h a t  under  
t h e  cond i t i ons  of t h e  r eac t i on  (0.1%) on ly  t h e  mono-  
m e t h y l o l  d e r i v a t i v e  is fo rmed  lend f u r t h e r  s u p p o r t  to  the  
conc lus ion  t h a t  in a sa l t  free m e d i u m  all a m i n o  groups 
are  free a n d  r eac t ive  a n d  t h e  r e d u c t i o n  in f o rma l d eh y d e  
b i n d i n g  b y  65% u p o n  t h e  a d d i t i o n  of Mg++ is a t r ue  ex- 
press ion  of t h e  n u m b e r  of a m i n o  groups  w h i c h  t h r o u g h  
h y d r o g e n  b o n d i n g  or  b y  some o t h e r  m e a n s  h a v e  become 
un reac t ive .  
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Zusammen/assung 

Die Nukleins~iure des T a b a k m o s a i k v i r u s  k a n n  in zwei 
F o r m e n  vor l iegen.  I n  sa lzf re iem Milieu s ind s/ imtl iche 
A m i n o g r u p p e n  frei  u n d  reag ie ren  m i t  F o r m a l d e h y d ,  w~Lh- 
r e n d  in  G e g e n w a r t  y o n  Mg ++ n u t  e t w a  35% reak t ions-  
fiihig b le iben .  Diese  V e r ~ n d e r u n g ,  die para l l e l  m i t  dem 
h y p o c h r o m e n  E f f e k t  e inhe rgeh t ,  d e u t e t  d a r a u f  hin,  dass 
u n t e r  d e m  Einf luss  v o n  Mg++ die B a s e n  gegenseit ige 
B e z i e h u n g e n  e ingehen  u n d  d a d u r c h  d e m  Molekii l  eine 
geo rdne t e  r 'Xumliche K o n f i g u r a t i o n  geben.  

12 S. ZAMENHOF, G. GRIBOFF, and N. )/IARULLO, Biochem. bin- 
phys. Aeta 13, 459 (1954}. 

la This might explain why formaldehyde, although at 0.1% it 
does not react with DNA, leads to inactivation of the transforming 
principle of bacteria at  3% n. 
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I n t e r e s t i n g e l y  in  our  e x p e r i m e n t s  we h a v e  found  no  
changes  in t h e  u l t r a v i o l e t  s p e c t r u m  of r ibonuc le ic  acids  
u p o n  t r e a t m e n t  w i t h  f o r m a l d e h y d e  in c o n t r a s t  to  t h e  

s K. K. REDDI, Biochem. biophys. Acta 23, 208 (1957). 
9 G. ZUBAY, Biochem. biophys. Acta 32, 233 (1959). 

10 H. FRAENKEL-CONRAT, Personal communication. 
11 A. M. CRESTFIELD, K.C. SMITH, and F . W .  ALLEN, J. biol. 

Chem. 216, 185 (1954). 

A l k a l o i d s  of A p o c y n a c e a e  IV t 

D r e g a m i n e ,  a N e w  A l k a l o i d  f r o m  

Voacanga dregel E. M. 

I n  c o n t i n u a t i o n  of our  s tud ies  of a lka lo ids  f rom different  
species of t h e  f ami ly  Apocynaceae, we h a v e  e x a m i n e d  a 

• Alkaloids of Apocynaceae III, M. GORMAN, N. NEOSS, J.A. 
DEYRUP, and N. J. CONE, J. Amer. chem. Soc. (1959), in press. 


