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l iefert  V ein Monoace ty lde r iva t ,  C~aH~4Oo, m i t  Stop.  184-  
186~; [0¢]~ = - 60,2 ° (in Chloroform) ;  I R - B a n d e n  bei  
1777 und  1735 c m z  in CH2C1 v Die fiir Neopodophy l lo -  
t o x i n  vorgesch lagene  F o r m u l i e r u n g  als 1 , 3 - L a c t o n  7,~ 
s t i i t z t  s ich u n t e r  a n d e r e m  auf  den  V e r l au f  der  a lka l i schen  
Hydro lyse .  Mi t  N a O H  e n t s t e h t  n i iml ieh  aus  Neopodo-  
phy l l o tox in  n i c h t  die P ikros / iure  I I I ,  s o n d e r n  in gu t e r  
A u s b e u t e  die gesuch te  Podophyl l ins~iure  VI ,  C2~H~40 ~, 
(Smp.  160-167°;  [a]~ ° = -- 286 ° in  P y r i d i n  u n d  - 195,3 ~ 
inA_ thanol ) ,  d e r e n  S t r u k t u r  d u r c h  fo lgende  Kor re t a t i o -  
n e n  ges icher t  wi rd :  Podophy l l i n sAure  (VI) l a c ton i s i e r t  
m i t  D i - cyc lohexy l - ca rbod i imid  le ich t  zu Podophy l l o -  
toxin .  D u t c h  M e t h y l i e r u n g  m i t  D i a z o m e t h a n  in T e t r a -  
h y d r o f u r a n  e n t s t e h t  aus  V I  ein M e t h y l e s t e r  C~aH~eO~, der  
m i t  P o d o p h y l l i n s / i u r e - m e t h y l e s t e r  (IV) i den t i s ch  ist. Die 
mola re  Drehungsd i f f e r enz  zwisehen P i k r o p o d o p h y l l i n -  
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s/iure ( I l l )  u n d  Podophy l l i n s i i u r e  (VI) (A[M]D = - - 4 1 0  ° 
in A, t hano l )  s t e h t  in g u t e r  l ~ b e r e i n s t i m m u n g  m i t  d e m  
D r e h u n g s i n k r e m e n t  bei ~hn l i ch  g e b a u t e n  E p i m e r e n -  
P a a r e n  (Tabelle).  

Verbindungen [~]D [MJD A[M]D 
(in .'~thanol) 

PikropodophyllinsRure - 100 ° --432 ° } 
Podoph yllins/iure --195 ° 842 ° --4t0~ 
Pikropodophyliin 0 ° ~ 0 ° } 
Podophyllotoxin --108 ° 448 ° --448~ 
Pikropodoph yllins/iure-h ydrazid ~ --106 ~ --473 ° } 
Podophyllinsfiure-hydrazid ~ --206 ° __9o0 ~' --447 ~ 

e ~ 0,008, ~-dm-Rohr, Fehlergrenze ~ 10 °. 

Die G e w i n n u n g  de r  Podophy l l in s / iu re  (VI) aus  V b i lde t  
wie erw~.hnt  den  w ich t i g s t en  ehemischen  Hinweis  ftir die 
d e m  N e o p o d o p h y l l o t o x i n  zugeseh r i ebene  K o n s t i t u t i o n .  
F o r m e l  V e r l a u b t  e ine  p laus ib le  D e u t u n g  fiir die S te reo-  
spczif i t / i t  de r  H y d r o l y s e :  d u r c h  die 1, 3 -F ix i e rung  des 
L a c t o n r i n g s  im N e o p o d o p h y l l o t o x i n  wird  aus  r 'Xumlichen 
G r t i n d e n  eine b a s e n k a t a l y s i e r t e  E p i m e r i s i e r u n g  an  C-3 
zu P i k r o d e r i v a t e n  v e r u n m 6 g l i c h t .  

E ine  ausf i ihr l iche  B e s c h r e i b u n g  der  h ie r  m i t g e t e i l t e n  
R e a k t i o n e n  wird  in den  He lve t i ca  Chimica  Ac ta  erfolgen.  

Summary. Methano ty s i s  of p o d o p h y l l o t o x i n  (I) w i t h  
ZnCI 2 as c a t a l y s t  yie lds  podophy l l in i c  acid n l e t h y l  es te r  
(IV) a n d  n e o p o d o p h y l l o t o x i n  (V), a new  i somer  of podo-  
phy l lo tox in .  N e o p o d o p h y l l o t o x i n  w h i c h  c o n t a i n s  t h e  
l ac tone  g roup  in t he  1 ,3-pos i t ion  is s te reospeci f ica l ly  
h y d r o l y z e d  b y  alkal i  to  t he  h i t h e r t o  u n k n o w n  podo-  
phy l l in ic  acid (VI). 

M. KUHN UND A,  VON "~ZARTBURG 

Pharmazeutisch-chemische Forschungslaboratorien, 
Sancloz AG, Basel (Schweiz), 4. Juni  1963. 

7 Die jetzt ftir Neopodophyllotoxin postulierte Struktur V wurde 
frliher dem Podophyllotoxin (I) erteilt: BORSCltE und NIEMANN ~, 
E. SPJiTH, F. WESSELY und E. NADLER, Bet. dtseh, chem. Ges. 65, 
1773 (1932); vgl. 4 

s Eine/ihnliche Cyclisation unter Ausbildung einer 1,3-A-therbrfieke 
stcllt die l)berf/ihrung yon Podophyllol zu Anhydropodophyllol 
dar: D. C. AYERS und P. J, S. PAUWELS, J. chem. Sot. 1962, 5025. 

Application of Oscillographic Polarography in 
Photochemistry of Some Pyrimidines, Purines 

and Aminoacids 

The  m a j o r i t y  of resul ts  f rom the  b r a n c h  of p h o t o -  
c h e m i s t r y  of nucleic acids, p ro t e in s  a n d  t h e i r  c o m p o u n d s  
was de r ived  f rom the  p o s t - i r r a d i a t i o n a l  changes  of t h e i r  
u l t r av io l e t  abso rp t ion  spec t ra~a .  

I n  t h e  fol lowing c o m m u n i c a t i o n  some of t he  poss ibi -  
l i t ies a re  q u o t e d  for the  app l i ca t ion  of a l t e r n a t i n g - c u r r e n t  
osc i l lographic  p o l a r o g r a p h y  ~ in t h e  p h o t o c h e m i s t r y  of a 
n u m b e r  of pyr imid ines ,  pur ines  4-6 a n d  a m i n o  acids 7& 
Fo r  our  s tudies ,  we used a Polaroscope  P 524 (Krizik,  

Prague) ,  wh ich  a l lowed us to  follow t h e  func t ions  dE/dt 
aga in s t  E (Figure  1) a n d  a d r o p p i n g  m e r c u r y  e lec t rode  

1 E. CHARGAFF and J. N. DAV1DSON, The Nucleic Acids, vol. 3 
(Academic Press Inc., New York 1960). 
L. W~IL and A. R. BUCHERT, Arch. Bioehem. Biophys. 84, t (1951). 

a j .  HEYROVSK'2 and R. KALVODA, Oszillographische Polarographi¢ 
(Akademie Verlag, Berlin 1960). 

4 E. PALE~EK, Coil. Czech. Chem. Comm. 25, 2!83 (1960). 
5 E, PALt~EK and D. KALX~, Chem. Iisty 67, 13 (I963}. 

H. BERG (Lecture), Symposium on Polarography in Chenm 
therapy, Biochemistry and Biology, Jerm (September 1962). 
D. KALAB and F. FRANI~K, Pharmazie 10, 31 (1955). 

s D. KALAB, Pharmazie 11, 526 (1956). 



15. V I 11. 1963 Brevi comunicazioni - Brief Reports 393 

w i t h  t h e  usua l  p o l a r o g r a p h i c  cells 3. Osci l lograms were 
reg i s te red  o n  I s o p a n  I S S  21/10 D I N  cine fi lm wi th  an  

e = t  i 

Fig. 1. Diagram dE~dr against E. The quality of the investigated 
compound is characterized by the potential of the indentation (PI), 
and quantity by the depth of the indentation. The position of the 
indentation is generally expressed by the quotient: 

distance of indentation from the teft marginal point Q =  
distance between both marginal points 

The distance II is more easily measured and in quantitative analysis 
is most often used. C, cathodic part; A, anodie part; MP, marginal 

point. 

E x a c t a - V a r e x  camera .  T h e  c o m p o u n d s  s tud ied  were :  
uracil ,  5 - h y d r o x y m e t h y l u r a c i l ,  t h y m i n e ,  cy tos ine ,  iso- 
cy tos ine ,  5 - h y d r o x y m e t h y l c y t o s i n e ,  aden ine ,  h y p o x a n -  
th ine ,  p h e n y l a l a n i n e ,  indole ,  t r y p t o p h a n  a n d  h is t id ine .  
T h e  e lec t ro ly tes  used  for the  osc i lh )po la rograph ic  ana lyses  
were:  s o d i u m  h y d r o x i d e ,  su lphu r i c  acid a n d  a m m o n i u m  
f o r m a t e  in m o l a r  c o n c e n t r a t i o n s .  I n  o u r  e x p e r i m e n t s  we 
followed 0.001 M aq u eo u s  so lu t ions  of i n v e s t i g a t e d  com- 
p o u n d s  in a n  e x t e n t  of p H  8.5-11.5.  So lu t ions  were i rra-  
d i a t e d  b y  t h e  U V  germic ide  l a m p  Ph i l ips  T U V ,  30W,  a t  
a d i s t ance  of 20 cm. So lu t ions  for  t h e  osc i l lopo la rograph ic  
ana lyses  were s a m p l e d  1, 5, 10, 15 a n d  20 h a f t e r  t h e  U V  
i r r ad ia t ion .  T h e n  was a d d e d  1 ml  of a s a m p l e  to 1 ml  of a 
su i t ab l e  e lec t ro ly te  in to  t h e  p o l a r o g r a p h i c  cell  a n d  im-  
m e d i a t e l y  ana lysed .  

T h e  changes  pass ing  in t h e  so lu t ions  of i n v e s t i g a t e d  
c o m p o u n d s  u n d e r  t h e  inf luence  of t h e  U V  i r r a d i a t i o n  
m a n i f e s t e d  osc i l lopola rographica l ly  b y  t h e  progress ive  
decrease  of t h e  or ig ina l ly  vis ible  i n d e n t a t i o n s  up  to  t h e i r  
d i s a p p e a r a n c e  (Figures  2 a -d ,  3 a -d ) .  Some of t h e  r e a c t i o n  
p r o d u c t s  t h a t  arose,  fo rmed  t h e i r  own  a d d i t i o n a l  oscillo- 
p o l a r o g r a p h i c  i n d e n t a t i o n s  (Figures  2 b-d,  m a r k e d  b y  
arrows) .  I n  t h i s  way,  i t  was  possible  to  follow b o t h  qual i -  
t a t i v e l y  a n d  q u a n t i t a t i v e l y  (see F igure  1) the  t ime-course  
of p h o t o c h e m i c a l  reac t ions .  U n d e r  t h e  e x p e r i m e n t a l  con-  
d i t ions  descr ibed,  t r y p t o p h a n e  2,9 a n d  i socytos ine  l° ,n 

2a 2b 2c 2d 
Fig. 2. (a) OsciUogram of isocytosine analysed in a sodium hydroxide medium, before the UV irradiation. (b) Sample analysed after 5 h of 

UV irradiation. (c) Sample analysed after 10 h of UV irradiation, (d) Sample analysed after 20 h of UV irradiation. 

3a 3b 3c 3d 
Fig. a. (a} Oscillogram of tryptophan analysed in a sodium hydroxide medium, before the UV irradiation. (b) Sample analysed after I h of 

UV irradiation. (c) Sample analysed after 5 h of UV irradiation. (d) Sample analysed after 10 h of UV irradiation. 
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were mos t  sensi t ive to the  UV i r radia t ion of thei r  solu- 
tions. 

The  a l te rna t ing-cur ren t  oscil lographic po la rography  
m e a n s  a new, v e r y  speedy and  expe r imen ta l ly  no t  v e r y  
pretent ious  analyt ica l  m e t h o d  in t he  b ranch  of pho to-  
chemis t ry  of biological ly i m p o r t a n t  substances and the i r  
closely related compounds.  Besides  decreases of invest i -  
ga ted  compounds  caused by  U V  i r radia t ion  of the i r  wa te r  
solutions, this  m e t h o d  permi ts  the  reg is t ra t ion  of some 
react ion products  also in t he  pho tochemica l  reactions.  I t  
m a y  therefore be assumed t h a t  i t  will be possible to ex tend  
in this  w a y  a knowledge  of t he  course of some photo-  
chemical ,  and p robab ly  also radiation-chemicall3,12, reac- 
tions. 

Zusammen[assung. Bei Anwendung  der  oszil lographi-  
schen Polarographie  m i t  Wechse l s t rom wurde  der  E in-  
fluss der  UV-S t r ah lung  auf  die w~issrigen L6sungen einiger 

Bes tandte i le  der  Nukle ins~uren und EiweiBstoffe er- 
forscht.  Die oszi l lographischen K u r v e n  der  F u n k t i o n  
dE/dr = / s (E)  wurden  m i t  dem Polaroskop P 524 mi t  
Hilfe  der  Quecks i lber t ropfe lekt rode  verfolgt .  

D. KAL.~B 

Research Department o/ Bioveta n.p., Ivanovice na Hand 
(Czechoslovakia), March 7, 7963. 

9 I. MITSUJI, Nagasaki Igakhai Zassi 28, 1279 (1953). 
10 D. BARSCZ and D. SUUGAR, Acta biochim, polonica 8, 455 (1961). 
n A. R6SCH, R. BEUKERS, J. IJSTRA, and W. BERENDS, Rec. Tray. 

chim. Pays-Bas 77, 423 (1958). 
12 C. PONNAMPERUMA, R. M. LENAN~ E. L. BENNET~ and C. MELVIN, 

Science 134, 113 (1961). 

Tota l ly  Synthet ic  ( -4 - ) -13 -Alky l -3 -hydroxy  and 
M e t h o x y -  gona  - 1 ,3 ,5  (10 ) - tr ien - 17- one s 

and Related C o m p o u n d s  

The f lexibi l i ty  of our  recent ly  described to t a l  synthesis  
of es t rone x;2 readi ly  permi ts  the  p repara t ion  of numerous  
gona-1, 3, 5(10)-triene der iva t ives  in which,  in par t icular ,  
the  subs t i tuen t  a t t ached  to  the  13-position and  the  size 
of r ing D are  var ied.  Expressed  general ly,  the  key  reac t ion  
in these syntheses  is a Michael  condensa t ion  of a v iny l  
ke tone  (I) (or t he  corresponding 6 -a ry l - l -d ie thy lamino-  
hexan-3-one,  or  a m i x t u r e  of the  two) to  give the  adduc t  
(III) .  W e  now repor t  t h a t  this  reac t ion  can  be carr ied ou t  
for cases in which  X = h y d r o x y l  and  methoxyl ,  R = ethyl ,  
n-  and  iso-propyl,  n-  and  iso-butyl ,  isoamyl,  and n-  
hexadecyl ,  and n = 1 and 2. The  adducts  (III)  undergo 
double cyc lodehydra t ion  under  acidic condi t ions  * to 
( q- )- 13-alkyl- 3-hydroxy and methoxy-gona-  1, 3, 5 (10), 8,14 
pentaen-17 and  17a-ones (IV), readi ly  conver t ib le  by  
select ive hydrogena t ion  over  a 2% pal ladized ca lc ium 
carbona te  ca ta lys t  in benzene ~ to the  corresponding gona- 
1, 3, 5(10), 8-tetraenes.  D-Cyclopentano members  of this  
series (i.e. n = 1) are isomerized in boil ing methanol ic  
hydrochlor ic  acid to  ( :k) -13-a lkyl -3-hydroxy and  me th -  
oxy-gona- l ,B,  5(10) ,9( l l ) - te t raen-17-ones ,  conve r t ed  by  
ca ta ly t ic  hydrogena t ion  over  10% pal ladized charcoal  in 

e thano l  to ( ± )  13-a lkyl -3-hydroxy and me thoxy-gona -  
1, 3, 5(10)-trien-17-ones 3. The  (q- ) -13-a lkyl -3-methoxy-  
gona-1, 3, 5(10), 8- te t raenones  are conve r t ed  by  l i th ium in 
ani l ine-l iquid a m m o n i a  4, w i th  or  w i thou t  p re l iminary  re- 
duc t ion  by  sodium borohydr ide  in methanol ,  to ( ± ) -  
13-a lkyl -3-methoxygona- l ,3 ,5(10)- t r ien-17  and 17a-ols, 
which  m a y  be oxidized by  the  Jones  reagen t  s to the  cor- 
responding  gonatr ien-17 and 17a-ones 3a. The  me ta l -  
a m m o n i a  reduc t ion  of the  8, 9-double bond is impeded  in 
t he  3 -hydroxy  series, possibly  because delocal izaf ion of 
phenoxide  charge hinders  e lectron add i t ion  to t he  s tyre-  
noid system. The end products  are assigned the  ' na tu ra l '  
t y p e  s te reochemis t ry  b y  ana logy  wi th  s te reochemical  

1 G. A. HUGHES and H. SMITII, Proc. chem. Soe. 1960, 74. 
G. A. HUGHES and H. SMITH, Chem. and Ind. 1960, 1022. 

3 (a) Belgian Patent 484827 (priority from 22.9.60). - (b) Belgian 
P a t e n t  484828 .  - (c) L. VELLUZ, G. NOMIN~, R. BUCOURT, A.  
PIERDET, and Pm DUFAY, Tetrahedron Letters, 127 (1961), have 
independently synthesized (÷)-3-hydroxy-13-~-propyl-gona- 
1,3,5(10)-tr ien-17-ol .  
S. G. STREL'TSOVA and E. A. SmLOV, Chem. Abstr. 51, 4330 
(1957), have used sodium in liquid ammonia containing aniline or 
p-toluidine to reduce to lan  to 1,2-diphenylethane. 

s A. BOWERS, T. G. HALSALL, E.  R. H.  JONES, and  A. J .  LE~*N, J.  
chem.  Soc. 1053, 2548.  
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