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Action anticarot6nog~ne d e  l a  diph6nylamine 
c h e z  l ' a l g u e  Chlore l la  r u b e s c e n s  

L a  diph~nylamine  (DPA) inhibe s~lec t ivement  la bio-  
synthgse des carot6noides chez la bactSrie Mycobaclerium 
phlei 1. Cet te  ac t ion  ant icarot6noggne de la D P A  a dr6 
confirm~e chez les champignons  ~,~ et  les bactfiries pho to-  
synth~t iques  4,~. Pa r  contre,  chez l 'a lgue Chlorella vulgaris, 
seule une  inhibi t ion  de croissance a ~t~ obtenue% 

Nous  3vons repris la  ques t ion  DPA-a lgues  en u t i l i sant  
une  chlorelle connue  pour  son pouvo i r  carot6nog~ne, 
Chtorelta rubescens C~OD. e t  un mil ieu h~t~ro t rophique  
propice  ~ la synthbse des carot~no~des. CMorella rubescens 
a ~t~ cult iv~e en mil ieu de D ~ M ~ R  1/3 enrichi  de glucose, 
avec  ou sans (t~moins) D P A ,  r @ a r t i  dans des bal lons 
phyeog~nes a~r~s et  ~clair6s (tubes luminescents) ,  en 
chambre  climatis~e ~ 20°C ( instal lat ion selon CHODAT et  
BOCeUET~). 

D3ns de telles condi t ions  e t  d~j~ apr~s 3 semaines de 
cul ture ,  une  ne t te  inh ib i t ion  de la composan te  orange de 
la p igmen ta t ion  s 'es t  manifest~e chez les algues cult ivdes 
en presence de DPA.  L ' ex t r ac t i on  e t  la ch roma tog raph ic  
(MgO-celite) des carot6noides  ou t  permis  la  d~tect ion d ' u n  
compos6 ~ f luorescence gris-vert ,  a y a n t  les caract6ris-  
t iques  adsorp t ives  e t  spectrales  du phytof lu6ne,  darts les 
cu l tures  t ra i t6es  k la  D P A .  Nos premiers  r~sul tats  son t  
r6sum6s dans  le t ab leau  su ivan t  : 

Cultures de Chlorella rubescens CHOD. hg6es de 4 semaines 

Pigmentation: 
Milieu de D~w~r~ chlorophylles 
113 q- source de C DPA et/~-carot~ne- 

xanthophylles 

Glucose 2% I 0 I rouge-orange 
1]200 000 { jaune-vert  

GlucoseGlUc°se 22%% " " " 1/125 000" [ vert  jaunAtre 

* Cultures de 1~ semaines 

Compost 
fluorescent : 
phytoflu6ne 

+ 
+ 

Duns les observa t ions  fai tes de visu, il n ' e s t  apparu  au-  
curt effet  notoi re  de des t ruc t ion  p h o t o d y n a m i q u e  des cel- 
lules de Chlorella semblable  ~ celui d6crit  chez les bact6-  
ries pho tosyn th6 t iques  s. Signalons c e p e n d a n t  que  KAND- 
LER e t  SCH6TZ 8 ou t  observd une photosensibi l i t6  chez leur 
m u t a n t  apo-earot~ne de Chlorella. De nouvel les  exp6riences 
seront  n6cessaires pour  6claircir  ce po in t  en  t e n a n t  c o m p t e  
du r6gime au to-  ou h&tdrotrophique des algues apo-  
c3rot~noMes. 

Concernan t  le mode  d ' ac t ion  de la D P A ,  nous avons  
avanc~ la possibilit~ d ' une  ac t ion  a n t i o x y d a n t e  de ce t te  
moldcule, p ro t~geant  les prdcurseurs poly~niques inco- 
lores plus sutures d 'une  deshydrogdnat ion  en poly~nes 
color , s  t, ~. Dans  cet  ordre  d'id~es, nous avons  observ~ que  
la dissolut ion de quelques  c r i s taux  de D P A  dans une  solu- 
t ion  ~thanol ique de fl-carot&ne pro tege  le p igmen t  d ' u n e  
rapide  pho to -oxyda t ion  d~eolorante.  Cet te  expfirience dd- 
mon t r e  le pouvo i r  a n t i o x y d a n t  d i rec t  de la D P A  ~ l '~gard 
du fl-carot~ne. De plus, e t  fair significatif,  13 D P A  sul- 
Ion ic  (hydrosoluble) s 'es t  mont r6e  inact ive ,  en par t icu-  
l ier  avec  les champignons  carotfinog~nes (experiences in- 
6dites avec  Allomyces). Cela t endra i t  ~ p rouve r  clue I 'effet  
ant icarot6nogSne de la  D P A  (hydro- et l iposoluble) d6- 
pend  de la facultd part icuti5re de ce t t e  mol6cule de se 
concen t re r  a u x  interfaces  phase aqueuse-phase  l ip idique 
du cy top lasme  e t  d ' y  exercer  son act ion an t ioxydan te .  

Or, c ' es t  pr~cis6ment  ~ ce n iveau  clue 13 deshydrog~na t ion  
e n z y m a t i q u e  des pr~curseurs poly&niques doi t  avo i r  lieu, 
p r6a lab lement  ~ l ' a ccumula t ion  des produi t s  finals, les 
carotGnoides color~s, darts la phase l ipidique des chloro- 
plastes ou dans les gout te le t tes  l ipidiques intracel lulaires .  

Nous remercions M. le Prof. F. CHODAT de ses judicieux conseils 
et de la libre disposition de ses installations. 

G. TURIAr~ e t  J . -F .  SCHOPFER 

Institut de Botanique gdndrale, Universitd de Gen~ve, le 
73 octobre 1959. 

Summary 

Dipheny lamine  (DPA) inhibi t ion  of caro tenoid  bio- 
synthesis  wi th  c o n c o m i t a n t  appearance  of de tec tab le  
amoun t s  of the  coloufless and f luorescent  polyene,  phy to -  
fluene, is r epor ted  in Chlorella rubescens CHOD. 

P re l imina ry  nega t ive  results  wi th  the  hydrosoluble  
DPA-su lphon ic  acid suggest  t h a t  an t icaro tenogenic  act i -  
v i t y  of the  hydro-  and l iposoluble D P A  m a y  well  be re- 
la ted  to the  facu l ty  of this  molecule to accumula t e  a t  the  
aqueous- l ipidic  in terphases  in t he  cy top la sm where  i t  
would  in ter fere  w i t h  t h e  e n z y m a t i c  dehydrogena t ion  of 
the  caro tenoid  precursors  t h rough  its no ted  a n t i o x i d a n t  
propert ies .  
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O n  the Conformation of Substituted 
Cyclopentanones. 

Rotatory Dispersion and Spectral Data 
of  s o m e  S t e r o i d a l  a-Halocyclopentanones~ 

The  p rob lem of the  conformat ion  of the  cyc lopentane  
r ing has  been  the  subjec t  of a n u m b e r  of recent  invest iga-  
t ions ~-4 and  the  present  s ta tus  is par t icu la r ly  well sum- 
marized by  t3RVTCH~R et al. 4. OI  special  per t inence  is the  
conformat ion  of the  cyc lopen tanone  system,  since the  
corresponding a-halo  der iva t ives  can  be examined  by  a 
n u m b e r  of phys ico-chemica l  tools, which can offer va lu-  
able in format ion  on t h e  na tu re  of t he  C-halogen bond  and  
thence  on the  conformat ion  of t he  cyc lopen tanone  r ing 
itself. BRUTCHER 4, on t h e  basis of infrared,  nuc lea r  mag-  
net ic  resonance and  dipole m o m e n t  s tudies di f ferent ia tes  
be tween  three  types  of bonds:  (i) the  classical ax ia l  and  
equa tor ia l  bonds,  found in the  cyc lohexane  sys tem;  (if) 
quas i -axia l  and quas i -equator ia l  bonds,  and (iii) a bisec- 
t iona l  bond,  which is in te rmedia te  be tween  axia l  and 

Paper XXXV in the series optical Rotatory Dispersion Studies 
by C. D. For the preceding article see N. L. ALLIr~ER, R. 13. HER- 
MAtiN, and C. DJZgASSI, J. org. Chem., in press. 

2 C. G. L~ FEVR~ and R. J. W. LE FRVRE, J. chem. Sot., 8549 
(1956). 

3 K. S. ]~ITZER and ~V. E. DONATH, j .  Amer. chem. Soc. 81, 3213 
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J. Amer, chem, Soc. 81, 4915 (1959) and curlier papers. 
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equatorial .  The  l a t t e r  t y p e  would  be  found  in t he  a-posi-  
t ions of a p l a n a r  cyc lopen t anone  a n d  t h e  a -ha locamphor s  
were emp loyed*  as su i tab le  reference samples  for th i s  
purpose,  since t h e  r ing  fusion in th is  molecule  requires  
v i r tua l  p l a n a r i t y  of t h e  f i ve -membered  ring. The  evidence  
employed  so far  seems to  po in t  2,* t owards  a 'ha l f -cha i r '  
con fo rma t ion  of cyc lopen tanone .  

We should  now like to  p r e sen t  add i t iona l  evidence  
bear ing on  th i s  p rob lem.  SHOPPEE et al. 6 have  a l r eady  
no ted  t h a t  s t e ro ida l  r ing D ke tones  would  r ep re sen t  ex-  
cel lent  t e s t  cases  s ince t h e  C/D trans-ring fus ion requi res  
a f ixed con fo rma t ion  of t h e  c y c l o p e n t a n o n e  r ing.  

The on ly  b r o m o  ke tones  of th i s  t ype ,  wh ich  are  k n o w n  ~, ~ 
are t h e  t6f l -bromo (II) and  16e-bromo (III)  de r iva t ives  
of 5a-androstan-3fl-ol-17-one ace t a t e  (I) a n d  the i r  in- 
f rared and  opt ica l  r o t a t o r y  dispers ion 7 d a t a  (Table) show 
t h a t  t h e  16~- and  16fl-bromo subs t i t uen t s  occupy  bisec- 
t iona l  bonds .  Cons iderab ly  more  s ignif icant  are t he  h i th -  
erto undesc r ibed  epimer ic  17-bromo-16-ketones  (V, VI) 
since in these  subs tances ,  t h e  t w o  b o n d s  should  be non-  
equiva lent .  The  17~-bromo i somer  VI  has  n o w  been  pre-  
pa red  s in pure  f o r m  (m. p.  168-172°C) b y  b r o m i n a t i o n  
(carbon t e t r ach lo r ide  solut ion)  of  the  enol  ace t a t e  of 5e- 
androstan-3f l -ol-16-one ace t a t e  (IV) fol lowed b y  ch roma-  
tograph ic  sepa ra t ion  on a lumina .  The  r e l evan t  infrared,  
u l t raviole t ,  and  opt ica l  r o t a t o r y  dispers ion 9 d a t a  are  col- 
lected in t he  Table.  The  p r e d o m i n a n t  p roduc t ,  17a- 
bromo-5a-andros tan-3f l -o l -16-one  ace ta te  (VI) should  - 
accord ing  to  t he  'ha l f -chai r '  form ~ - exh ib i t  quas i -axia l  
charac te r .  This  is borne  ou t  b y  the  in f ra red  shi f t  (8 cm -~) 
which  is smal ler  ~ t h a n  the  b isec t ional  va lue  (12-14 c m  -~) 
and  especial ly  b y  t h e  r o t a t o r y  d ispers ion  curve.  The  f irs t  
e x t r e m u m  of i t s  nega t ive  Co t ton  effect  shows  a b a t h o -  
chromic  sh i f t  of 36 mix as c o m p a r e d  to  t h e  t r o u g h  of t h e  
pa r en t  ke tone  (IV), a behav io r  qua l i t a t ive ly  r emin i scen t  ~0 
of axial  ~-bromo cyc lohexanones .  F u r t h e r m o r e ,  if the  
' ax ia l  a -ha loke tone '  ~0 is also appl icable  u to  cyc lopen ta -  
nones,  t h e n  a 17e-bromo s u b s t i t u e n t  would  be expec t ed  
to  make  a posi t ive  r o t a t o r y  con t r i bu t i on  a n d  th i s  is 
c lear ly t he  case here .  Similar  conclusions can  also be 
der ived  f rom t h e  r epo r t ed  n spec t ra l  and  rotatory disper-  
s ion sh i f t s  of  17-acetoxy-16-keto  s teroids .  

The  resul ts  c i ted  so fa r  are  cons i s t en t  w i t h  t he  ha l f -cha i r  
c o n f o r m a t i o n  of t h e  cyc lopen t anone  ring.  I t  is pe r t i nen t  
to  m e n t i o n  t h a t  ou r  resul ts  summar i zed  in t he  Table  in- 
dicate  t h a t  u l t rav io le t  spec t ra l  m e a s u r e m e n t s  ~3 m a y  n o t  
a lways r ep re sen t  a conclusive cr i ter ion in  t he  cyc lopen ta -  
none  series. Thus  the  u l t rav io le t  b a t h o c h r o m i c  shi f t  (16-5 
to  23 m~) for an  e - b r o m o c y c l o p e n t a n o n e  of t h e  bisect ional  
t ype  is u n e x p e c t e d l y  larger  t h a n  t h a t  exh ib i t ed  (17 m~) 

b y  a quas i -axia l  ~ -bromo ke tone  (VI), while  t he  an t i -  
c ipa ted  m reverse  re la t ionsh ip  is shown  b y  t h e  r o t a t o r y  
dispers ion da ta .  

O X X '  

H H 

I X=X'=H IV X=X'----H 
II  X = B r ;  X ' = H  V X ~ - B r ; X ' = H  

III  X = H ;  X'--~Br VI X = H ;  X ' = B r  

J. FISHMAN* and  C. DJERASSI** 

* Sloan-Kettering Insti tute/or Cancer Research New York 
and **Department o/Chemistry, Stan/ord University, Stan- 
lord (Cali[ornia), January 4, 1960. 

Zusammen]assung 

Die op t i sche  Rota t ionsd i spers ion  sowie das  I n f r a r o t -  
und  U l t r a v i o l e t t - A b s o r p t i o n s s p e k t r u m  y o n  m e h r e r e n  a- 
B r o m d e r i v a t e n  der  16-Keto- und  17-Ketos te ro ide  wurde  
gemessen,  Die Schluss fo lgenmgen aus  R o t a t i o n s d i s p e r -  
s ion u n d  In f r a ro t ana lyse  s t i m m e n  gut  i iberein,  es sche in t  
jedoch,  dass  die Versch iebungen  im Ul t r av io l e t t  zur  Be-  
s t i m m u n g  der  Or ient ie ruug eines H a l o g e n a t o m s  in a- 
B r o m o c y c l o p e n t a n o n e n  n ich t  in  allen F/~llen g e b r a u c h t  
w e rd en  kSnnen.  
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* The rotatory dispersion results are reported in terms of the 

first extremum of the Cotton effect and as pointed out in Chap. 8 
of ref. ~, the wavelength differences between the parent ketone and 
its a-substituted derivative permit direct comparison with the cor- 
responding ultraviolet absorption measurements (see also ref. 12). 
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Substance 

Camphor 
3~-:Bromocamphor 
17-Ketone (I) 
16fl-Bromo-17-ketone (II) . . . 
16e-Bromo-17-ketone (III) . . 
16-Ketone (IV) 
17~-Bromo-16-ketone ( V I ) . . .  

CCI 4 
I.R. ~max 

(era-') 

1744 
1758 
1743 
1755 
1755 
1746 
1754 

A~ 

(em-D 

U . .  ,EtOH .V. Ama x 

(mix) 

A~ 

(m[L) 

R.D. first extremum 
~MeOH 

(m~x) [0¢] 

310 + 2000 ° 
335 + 1970 ° 
315 + 2700 ° 
341.5 +2097 ° 
341.5 + 1290 ° 
314 - 4782 °b 
350 - 525 ° 

14 

12 
12 

8 

289.5 
306 
293 
316 a 
316~ 
299 
316 

16'5 

23 
23 

17 

R.D. A ;[ 

(m~) 

25 

26.5 
26,5 

36 

a When measured in methanol solution, the maximum occurred at 314-315 m~t. b The free alcohol was used for this determination. 
All measurements were conducted in our laboratories except for the infrared (ref. 4) and ultraviolet (ref. is) data of camphor and 
3c~-bromocamphor. 


