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due to the presence of alkyl homologs of chrysene. This 
was substantiated by the proton magnetic resonance 
spectrum of the materiaA present in the mother liquors 
from recrystallization of the crude chrysene, which 
showed signals in the region characteristic of aromatic 
methyl  groups. Analysis of material CH : found, C, 94.50 ; 
H, 5.73. Calculated for chrysene, C18H1~, C, 94.70; H, 
5.30; mol. wt., 228. 

Rechromatography of CH on alumina gave on elution 
with hexane-benzene (4:1) a colorless compound which 
crystallized from hexane as shining, colorless leaflets, 
m.p. 256-257 °, which did not depress the melting point 
of authentic chrysene (m.p. 257-259°). The mass spectrum 
of this material was essentially identical with that  of 
authentic chrysene: it  showed a molecular ion peak at  
m/e 228, and the higher peaks, at  intervals of 14 mass 
units, present in the original material (CH), were absent. 
The UV-spectrum (in 95% ethanol) was identical with 
that  of chrysene: 2too x 220 nm (log 8 4.58); 241 (4.35); 
258.5 (4.93); 268 (5.17); 282.5 (4.11); 294 (4.08); 306 
(4.11); 320 (4.11); 343 (2.65); 351 (2.20); and 361 (2.71). 

Fractions 10-16, also eluted with hexane-benzene, 
afforded a colorless solid which crystallized from chloro- 
form-hexane as colorless platelets, m.p. 235-250% Re- 
chromatography of this substance on alumina and elution 
with hexane-benzene (10:1) gave a colorless solid which, 
after recrystallization from hexane, had m.p. 250-262 °. 
The mass spectrum showed tha t  it  was a complex mix- 
ture with a base peak at  m]e 256. Although the 'cracking 
pat tern '  of chrysene could be discerned, the chrysene M+ 
peak at 228 was only 25~/o of the base peak, and the peak 
at  242 was 38% of the base peak. 

X-ray powder diagrams. The X-ray powder diagrams 
of the picene and chrysene from the mineral were com- 
pared with those of the authentic specimens, and showed 
complete identity, thus providing further confirmation 
of their identities. 

Discussion. The origins of coronene, the organic con- 
s t i tuent  of pendletonite 3, picene and chrysene as massive 
constituents of these organic minerals, are not  known 
with certainty. MALEEVA ~° has suggested that  Trans- 
carpathian curtisite, which is accompanied by bitumens, 
may be a product of the distillation (sic) of organic 
substances contained in the sedimentary stratum. Since 
curtisite is present in veins of probably magmatic origin 
in sedimentary and metamorphic rocks, it  is possible that  
these stable, polycyclic aromatic hydrocarbons have 
been derived by pyrolytic transformations of organic 
matter  and deposited, by distillation or from solution, in 
the formations in which they are now found. I t  is to be 
recalled that  chrysene and methylated picenes (but not  
coronene) are among the products formed in the high 
temperature aromatization of steroidal and triterpenoid 
compounds. I t  is worthy of note, however, tha t  the 
Skaggs Springs deposits are not  associated with bitumi- 
nous or petroleum deposits. 

Zusammen/assung. Das massive organische Mineral 
Curtisite (Idrialite) besteht aus Picen, Chrysen und, wie 
aus den Massenspektren der rohen Proben zu entnehmen 
ist, deren Methyl-homologen. 
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1,2- Methylen- 19-nor- 17a-acetoxy-proI~esteron 

Die aufgefundenen starken hormonellen t, proteinana- 
bolen ~ und antiandrogenen 8 Wirkungen in der Reihe der 
1,2~-Methylen-Steroide liessen uns die Synthese des 
1, 2~-Methylen-19-nor-17~-acetoxy-progesterons interes- 
sant erscheinen. 

Das Fehlen der dirigierenden C10-Methylgruppe l~.sst 
eine strukturelle Zuordnung der nach der Cog~v ~- 
Methylenierung yon A~-B-Keto-A/B-cis- bzw. A/B-trans- 
Steroiden zu erwartenden 1,2-Methylen-Verbindungen 
in Analogie zu C10-Methyl-SteroidenS,8, nicht  ohne 
weiteres zu. 

Deshalb synthetisierten wit sowohl das 1, 2~-Methylen- 
19-nor-17ac-acetoxy-progesteron als auch das 1,2fl-Methy- 
len-Isomere, um aus deren physikalischen Daten Struk- 
turanhal tspunkte  zu linden. 

Aus AS-Pregnen-3fl, 17~,19-triol-20-on-17-acetat ~ (1) 
entsteht dutch Hydrierung (PtO~/Methanol) das ent- 
sprechende 5¢¢-:Pregnan-Derivat (F. 231-233 °C) und 
daraus dutch anschliessende Oppenauer-Oxydation das 
5~-Pregnan-17~, 19-diol-3, 20-dion-17-acetat (23) (F. 
232,5-234,5°C). Nach Acetylierung von (23) zu (2b) (F. 
152-153 °C) wird fiber Bromierung/Bromwasserstoffab- 

spaltung die A1-Doppelbindung zu (3b) (F. 157,5-159°C, 
UV : e~80 = 9830) eingeffihrt. 

Die 19-Aeetoxy-Gruppe in (3b) wird mit  dem alkali- 
schen Dowex-Ionen-Austauscher verseift zum 19-Alkohol, 
(3a) (F. 263-266°C) dessert Chroms~ure/Pyridin-Oxyda- 
t ion den 19-Aldehyd (4) (F. 232-234°C) ergibt. Durch 
S/iurespaltung wird die C10-Formylgruppe eliminiert zu 
(Sb) (F. 181,5-184°C, UV:e230 = 11 100). Nach alkalischer 
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Verseifung von (5b) zu (Sa) (F. 243-247,5 °C) wird dieses 
mit  Dimethylsulfoxoniummethyl id  in 1,2-Stellung me- 
thyleniert  zu (6) (F. 220,5-222,5 °C, UV:ez0 s = 3870). Die 
zl4-Doppelbindung und das 17-Acetat wurde schliesslich 
ohne Zwischenreinigung dutch Enolacetylierung, Bro- 
mierung und Bromwasserstoffabspaltung eingefiihrt. 

Das Endproduk t  (7) (F. 185,5-186°C, aus Essigester, 
1~. 222-223 °C, aus Isopropyl~ither, [~]~:  + 166,3 (~ = 0,80 
CHCls), U V : ~  t = 13100) ha t  im N a h - I R  die typischen 
Dreiringbanden bei 6130/cm und 4520/cm, im NMR 
(TMS als interner  Standard,  L6sungsmittel  CDCI~) liegt 
das olefinische Proton am C, bei ~ = 5,60 ppm. 

Die isomere 1,2-Methylen-Verbindung zu (7) wurde 
ausgehend yore 19-Nor-17~-acetoxy-progesteron (8) s dar-  
gestellt. Nach der  Hydr ierung (Pal/Methanol) yon (8) mi t  
anschliessender Bromierung und Dehydrobromierung 

wird die AX-5fl-Verbindung (gb) (F. 162,5-164°C) isoliert. 
Nach Verseifung (9a) (F. 178,5-180 °C, UV:~ss, = 9990), 
Methylenierung (I0) (F. 166-174°C) und analogen Reak-  
t ionen wie bei (6->-8) wird das methylenier te  19- 
Nor-17c(-acetoxy-proges teron (11) (F. 212,5-214°C, 
UV:e24 , = 12000, ess0 = 8390) erhalten. Das NMR- 
Signal des olefinlschen Protons am C 4 liegt in (11) bei 

= 5,65 ppm, is t  also gegentiber (7) um 0,05 ppm ent- 
s c h i rmt  

Die NMR-Daten  und das ffir 1,2fi-Methylen-A4-3 - 
Ketone e typische UV-Maximum bei 220 nm in ( I i )  er- 

s A. ZxvFAxom, H. J. RINGOLD, G. ROSENKRANZ, F, SONDHEIMI~R~ 
G. H. THOMAS und C. DJERASSI, J. Am. chem. Soc. 80, 6110 
(1958). 
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Iauben die im Forme l schema  fiir (7) und  (11) gegebenen 
Zuordnungen.  

Der  s ter ische Ver lauf  der  CoREv-Methylen ie rung  yon  
A~-3-Keto-Steroiden der  A/B-cis-  und  A/B-trans-Reihe 
is t  also unabh~ngig  y o n  der  angul~ren C10-Methylgruppe. 

I m  Tie rve r such  wird  an  Kan inchen  bei perora ler  
Appl ika t ion  im Clauberg-Tes t  die Ak t iv i t~ t  des 19-Nor- 
17~-acetoxy-progesterons  durch  die Einff ihrung der  i ,  2~- 
Methy lengruppe  s ta rk  e rh6h t  und  du t ch  die 1,2fl- 
Me thy lengruppe  abgeschw~icht, 

Summary. The syntheses  and s t ruc tu re -de te rmina t ions  
of 1, 22~- and  1, 2~-methylene-19-nor-17~-acetoxy-proges o 
te rones  descr ibed p rove  t h a t  there  is no inf luence of  the  
angular  C10-methylgrou p on the  s ter ic  course of the  
CouR~v-me thy l ena t i ons  of  A~-3-keto-steroids. 
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Diketop iperaz ines  f r o m  Fermenta t ions :  
Metabol i tes ,  Art i facts ,  or B o t h  

The  f requen t  isolat ion in our  l abo ra to ry  of L-leucyl-L- 
prol ine anhydr ide  (I) and,  occasionally,  o the r  d iketo-  
p iperazines  f rom ex t rac t s  of fe rmenta t ions  designed e i ther  
for modi f ica t ion  of s teroids or  p repa ra t ion  of an t ib io t ics  
led us to  consider  the  source of this  mater ia l .  I n  our  
hands,  a t  this stage, the  isolat ion of I was for tu i tous  in 
eve ry  ins tance  and  was usual ly  due  to s imi lar i ty  in 
solubi l i ty  proper t ies  wi th  the  desired product .  

Numerous  au thors  h a v e  repor ted  the  isolat ion of I and 
o ther  d iketopiperazines  f rom microbiologicM sources 1-1,. 
Studies in some laborator ies  1,v,~0m cla im t h a t  I c anno t  
be isolated f rom unfe rmen ted  cul ture  media,  and these 
reports,  combined  wi th  the  repor ted  isolat ion of I f rom 
s i lkworm pupae  ~3 and adrena l  cor tex  ex t rac t s  14,15 made  
i t  a p p e a r  t h a t  I is a c o m m o n  metabol i te .  Our  f r equen t  
encounters  w i th  I in i t ia l ly  lent  some suppor t  to this  view. 
However ,  when we examined  several  typ ica l  un fe rmen ted  
media,  we were  a lways  able to  isolate  I by  ex t rac t ion  
wi th  e thy l  ace ta t e  and c h r o m a t o g r a p h y  over  a lumina.  
The  isolated crysta l l ine  p roduc t  is ident ica l  in me l t ing  
point, opt ical  rota t ion,  ana ly t ica l  data ,  I R -  and nmr-  
spectra  wi th  au then t i c  I and,  further ,  gave  leucine and 
prol ine upon hydrolysis .  Minor amoun t s  of o ther  d iketo-  
piperazines were encountered  occasionally.  

Looking  fu r ther  in to  the  mat te r ,  we h a v e  isolated 181 
mg  of I /kg  of peptone,  227 m g / k g  of corn s teep l iquor  and 
a smaller  a m o u n t  from lac ta lbumin  hydrolyza te .  TAMURA 
et  al. 16 have  also found diketopiperazines in unfe rmented  
peptone  and the i r  da t a  show abou t  1% of I and smal ler  
a m o u n t s  of o ther  diketopiperazines.  I n  fe rmenta t ions  
wherein  we encountered  I, the  above  complex  n i t rogen 
sources were invar iab ly  present ,  and a lways  in suff icient  
q u a n t i t y  to  expla in  the  presence of I in t he  ext rac ts .  

I n  v i ew of these  data ,  i t  is n o t  surpris ing t h a t  re la t ive ly  
large quant i t i es  of diketopiperazines,  especial ly I, are  
f r equen t ly  isolated f rom fe rmen ta t ion  mixtures .  The  
occurrence of these substances  m a y  of ten ref lect  the  
prev ious  h is tory  of t he  media  const i tuents ,  pa r t i cu la r ly  
in regard  to hydrolys is  of pro te in  and subsequent  exposure  
of the  products  to hea t IL  

As microbes are qui te  capable  of prote in  hydrolysis  i t  
is also likely, indeed probable,  t h a t  a cer ta in  propor t ion  
of the  diketopiperazines  present  m a y  arise dur ing  the  
f e rmen ta t ion  to  replace or supp lement  the  q u a n t i t y  
supplied in the  medium.  This  m a y  ra t ional ize  t he  con- 
f l ict ing claims on the  subject .  Never theless ,  we feel t h a t  
the  appa ren t  p roduc t ion  of simple d iketopiperazines  in 
f e rmen ta t ion  processes should be  v iewed wi th  some 
measure  of res t ra in t  and invar iab ly  be  accompanied  by  
careful  cont ro l  exper iments  to  e l iminate  t he  s t rong  
possibi l i ty  of mis tak ing  an a r t i fac t  for a val id  metabol i te .  

This  p recau t ion  is especial ly i m p o r t a n t  as a n u m b e r  of 
complex  or  more  h ighly  e labora ted  d ike top iperaz ine  
de r iva t ives  (e.g. spor idesmins-gl io toxins  etc.) h a v e  been  
isolated f rom fe rmenta t ions  and the i r  biological  p roper -  
t ies have  m a d e  the i r  b iosyn the t ic  origin a subjec t  of con- 
siderable impor tance  z2,~s-~z 

Zusammenfassung. Es wird gezeigt,  dass Dike topiper -  
azine, insbesondere L-LeucyI-L-prol in-anhydrid,  eher  aus 
dem Med ium s t a m m e n d e  Ar te fak te  als echte  mikrobiel le  
S tof fwechse lprodukte  sind. 
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