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ring protons at 7.66 ppm (symm. multiplet A2B 2 type, 
4H), 3 methyl  groups which were overlapped by 3 triplet 
signals at 0.92-0.95 ppm ( J  = 6.0 Hz, 9H) and doublet 
at 4.25 ppm (J = 5.0 Hz, 2H) assigned -CO2CH~-CH- 
group and triplet at 4.13 ppm (J = 6.2 Hz, 2H) assigned 
-CO2-CH2-CH2-grou p. From above spectral evidences, 
it is concluded that  the constituent is a phthaIate esteri- 
fled with C 4 and C~ alcohols, each of which is branched 
on the 2-position. The alkaline hydrolysis of this unsym- 
metrical phthMate ester gave phthalic acid, n-butyl and 
2-ethylbutyl alcohol. Therefore, this constituent is n- 
butyl-2-ethylbutyl phthalate. The IR- and NMR-spectra 
and gas chromatographic retention time (GLC-Rt) of this 
ester wer e completely identical with those of the authentic 
specimen. 

di-2-Ethylbutyl phthalate. The component showed the 
very similar IR-  and UV-spectra to those of the above 
n-butyl-2-ethylbutyl phthalate. Its mass spectrum indi- 
cated tile parent ion at 334 and characteristic fragment 
ions at m/e 85 (C,H~+), 149 (base peak), 233 and 251. 
The NMR-spectrum showed symm. multiplet at 7.65 ppm 
(4H, ortho substituted benzene ring protons), symm. 
doublet at 4.28 ppm (J = 5.0 Hz, 4H) assigned (-CO 2- 
CH2-CH-)2 and triplet at 0.95 ppm (J = 6.5 Hz, 12H) 
assigned (CH3-CH2-)4. On the basis of the above evi- 
dences, the component can be applied for di-2-ethylbutyl 
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phthalate. The IR, NMR and GLC-Rt of the component 
coigcided with the authentic specimen. 

di-Ethyl phthalate. The constituent also showed charac- 
teristic IR-  and UV-spectra attributable to di-alkyl 
phthalates and mass spectrum having strong fragment 
ions at m/e 29 (CHa-CH2+), 149 (base peak) and 177. 
The NMR-spectrum indicated symm. multiplet at 7.63 
ppm, quartet  at 4.17 ppm (J = 8.0 Hz, 4H, -CO2-CH2-CHa) 
and triplet at 1.32 ppm (J = 8.0 Hz, 6H, CHa-CH2- ). 
The above spectral evidence can also be applied to di- 
ethyl phthalate. This assigned structure was further 
confirmed by the comparison of the IR- and NMR- 
spectra and GLC-Rt of the authentic sample. 

I t  is known that  phthalate esters are widely employed 
as plasticizer in formulation of plastic tubing and poly 
bucket. Extreme care was taken to avoid the use of 
these materials. For this reason, it seems likely that  these 
esters are original components of Oenanthe stolonilera DC. 
There is a small possibility, however, that  the phthalate 
esters are artefacts, although the above 3 phthalate  
esters have not been found in the benzene solvent, silica 
gel and filter paper etc. used in our laboratory. 

In addition to phthalate esters, n-paraffins (n-C1B to 
n-C24), a-pinene, fl-pinene, fl-myrcene, limonene, terpi- 
nolene, p-cymene, d-guaiene, linalool, p-cymene-8-ol, 
y-phenylpropanol, elemol, benzyl alcohol, thymolmethyl-  
ether, elemicin, methyl  myristate, methyl  palmitate, 
methyl  stearate, methyl  oleate, palmitic acid, stearic 
acid, benzoic acid, phenylacetic acid, campesterol, 
stigmasterol and fl-sitosterol were identified. 

Zusammen/assung. Aus dem Ext rak t  yon Oenanthe 
stoloni/era DC. (Umbelliferae) wurden n-Butyl-2-~thyl- 
butyl-phthalat,  di-2-~thylbutyl-phthalat  und di-&thyl- 
phthalat  isoliert und deren Struktur durch chemischen 
Abbau und mit  HiKe physikalischer Methoden auf- 
geklXrt. 
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and T. MATSUURA 

Department o/Chemistry, Faculty o/ Science, 
Hiroshima University, Hiroshima (Japan), 27 May 1969. 

H e t e r o z y k l i s c h e  E q u i l e n i n a n a l o ~ e  

~stronanaloge, bei denen der aromatische Ring durch 
einen 5- oder 6gliedrigen tteterozyklus ersetzt ist, sind 
schon verschiedentlich beschrieben worden 1-4. Wir be- 
richten im folgenden fiber neue heterozyklische Derivate 
des Equilenins (I-III) ,  die uns als potentielle 0strogene 
interessierten. 

Die Synthese dieser Prgparate erfolgte ausgehend vom 
bekannten (• 3, 3a, 4, 5, 9b-Hexahydro-7-hydro- 
xy-3a-methyl-lH-benz[e]inden-3-on (IV) 5,6. 

Zum Aufbau 7 des Furanderivates I unterwarfen wit 
den aus IV und Allylbromid erhAltlichen AllylAther V 
(Smp. 65-67 ~ in N,N-Dimethylanil in bei 200 ~ einer 
Claisen-Umlagerung. Die Ausbeute an phenolischen Pro- 
dukten betrug rund 50%; nicht umgesetztes Ausgangs- 
material wurde isoliert und erneut zur Reaktion gebracht. 
Die aus mehreren AnsXtzen gesammelten Umlagerungs- 
produkte bildeten ein nicht trennbares Gemisch, das sich 
aus 2/a 6-Allylderivat VI und 1/3 isomerer 8-Allylverbin- 

dung zusammensetzte (NMR-Interpretationen). Das Iso- 
merengemisch wurde zun~tchst mit NaBt t  4 reduziert und 
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dann azetyl ier t .  Die anfal tenden Diaze ta te  (VII  + ent-  
sprechendes 8-Allyl-Isomeres) konnten  durch Bromie-  
rung und Verkochen mi t  alkoholischer  K O H  in ein Ge- 
misch zyklis ier ter  Stoffe i ibergefi ihrt  werden,  aus dem 
sich I du tch  Chromatographie  leicht  isolieren liess (Aus- 
beute  ca. 35% der  Th. bezogen auf V). IReines (~ ) -2 -  
Methyl-  3-oxa-A-nor-6stra-  1, 5 (10), 6, 8-tetraen- 17//-ol (I) 3, 
C17H20029, schmilz t  bei 154-158 ~ N M R  (CDCla)I~ 7,20 
(1 H, d, J = 8 Hz) und 6,82 (1 H, d, J = 8 Hz) aromat .  H ;  
6,29 (1 H, s) H i m  Furanr ing ;  3,90 (1 H, m) 17e -H;  2,48 
(3 H, s) CH3-Gruppe im Furanr ing ;  0,69 (3 H, s ) M e t h y l -  
gruppe an C-18. 

Zur Synthese  der Equi len inana loge  I I  und I I I  sowie 
des <~Anthrasteroids~> X I I  wurde  das Benz inden  IV  zu- 
n/ichst in Eisessig bei 20 ~ m i t  65% t INOa (ca. 0,9 Mol) 
ni t r ier t .  Dabei  bi ldeten sich ca. 30% 6-Ni t roder iva t  V I I I  

v o m  Smp.  218-219 ~ ca. 50% 8-Ni t roverb indung X v o m  
Stop. 185-186 ~ und  geringe Antei le  6 ,8-Dini t rok6rper  
(Smp. 223-229~ Die Lage der  Ni t rogruppe  in den beiden 
isomeren H a u p t p r o d u k t e n  konnte  aus den N M R - S p e k t r e n  
durch die beobach te ten  Kopplungen  der  a romat i schen  
Pro tonen  e rmi t t e l t  werden:  X zeigte in CDC1 a keine bzw. 
nur  schwache Aufspa l tung  der  Signale bei  7,01 (1 H, s) 
und 7,86 (1 H, d, J ~ 1 Hz), wS~hrend V I I I  Dub le t t en  
bei 7,02 (1 I-I) und 7,31 (1 I t)  m i t  J - W e r t e n  yon  je 8 Hz  
aufwies (o-Kopplung).  U m s a t z  yon V I I I  bzw. X zun~chs t  
mi t  N a B I t  4 zur Reduk t i0n  der Ke tofunkt ion ,  dann  m i t  
Ra~ey-Nickel und H y d r a z i n  l ieferte die entsprechenden 
Aminophenole  I X  und XI .  Das Pr/~parat I X  bes i tz t  den 
Stop. 255-261 ~ (Zers.). N M R  (DMSO):  6,10 (1 H, d, 

j =  8 H z )  und 6,51 (1H,  d, J =  8 H z ) ;  X I  schmilzt  
un ter  Zersetzung bei 217-225 ~ N M R  (DMSO): Singu- 
le t te  der a romat i schen  Pro tonen  bei 6,25 (1 H) und 6,42 
(1 H). Ringschlussreakt ionen wurden  zun~chst  mi t  dem 
6-Aminophenol  I X  ausgefi ihr t :  Kondensa t ion  von  I X  
mi t  Orthoameisensfmre-tri~thylester 11 ergab nebeneinan-  
der die Oxazolverb indung  I I a  (Ausbeute:  54%) und das 
entsprechende F o r m i a t  I I b  (Ausbeute:  42%). Beide 
Stoffe lassen sich leicht  durch Chromatographie  t rennen.  
(d=)- 1-Aza-3-oxa-A-nor-6s t ra -1 ,  5(10), 6, 8- te t raen-  17 fi-ol 
(IIa), CI~HI~NO ~, schmilz t  bei 125-128 ~ N M R  (CDC13): 
8,09 (1 H, s) H im Oxazolr ing;  7,41 (1 H, d, J = 8 Hz) 
und 7,05 ( 1 H ,  d, J = 8 Hz) a romat .  P ro tonen ;  4,00 
(1 H, m) H an 17e;  0,69 (3 H, s) CH3-Gruppe. Der  17//- 
Formyles te r  I I b  bes i tz t  den Stop. 157-159 ~ N M R  (CDCla) : 

s Fiir die Verbindungen I-III  wurde die Steroidnomenklatur be: 
nutzt. 

9 Die Bruttoformeln sind durch Mikroanalysen belegt. 
z0 Die NMR-Spektren wurden auf einem Varian-Spektro~aphen, 

Mod. A-60, bei 60 MHz aufgenommen. Chemische Verschiebungen 
sind in ppm angegeben. Als interner Standard diente Tetramethyl- 
silan mit dTMS = 0 ppm. Kopplungskonstanten sind mit J be- 
zeichnet und in ttz angegebem s = Singulett, d = Dublett, 
m = Multiplett. 

11 G. L. JENKINS, A. M. KZ;EVER und C. S. DAVIS, J. org. Chem. 26, 
274 (1961). - W. RIND, W. STORBECK und E. SCHMIDT, Arehiv 
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8,20 (1H, d, J ~ l H z )  H der Formylgruppe; 8,09 
(1 H, s) H i m  Oxazolring; 7,42 (1 H, d, J = 8 Hz) und 
7,08 (1 H, d, J = 8 Hz) aromat. Protonen. 

Mit Brenztraubens~iure-methylester 13 reagierte IX zum 
6gliedrigen Oxazin-analogen I I I ;  (• 
aza-4-oxa6stra-1, 5(10), 6, 8-tetraen-17 fl-ol, C17I.I19NO3, be- 
sitzt den Smp. 156-1570 . NMR (CDCla): 7,09 (2 H, s) 
aromat. H; 3,92 (1 H, m) H an 17e; 2,52 (3 H, s) CH 3- 
Gruppe im Oxazinring; 0,62 (3 H, s) CHa-Gruppe an C-18. 

Anellierungsreaktionen mit  dem 8-Aminophenol XI 
ftihrten zu Anthrasteroidderivaten. So resultierten zum 
Beispiel aus XI und Orthoameisens~iure-trigthylester das 
Benzoxazol XI Ia  und das entsprechende 17#-Formiat 
XIIb.  (+)-2,  3, 3a, 4, 5, 10b-Hexahydro-3fl-hydroxy-3a- 
methyl-trans-lH-indeno-[4, 5-f]benzoxazol (XIIa). 
C15I.I17NO2, schmilzt bet 115-117 ~ NMt~ (CDCla): 8,04 
(1 H, s) H im Oxazolring; 7,47 (1 H, s) und 7,38 (1 H, s) 
aromat. Protonen; 3,98 (1 H, m) IK an 3e; 0,62 (3 H, s) 
CHa-Gruppe. Der entsprechende Formylester XI Ib  zeigte 
Smp. 158-165 ~ NMR (CDCla) : 8,16 (1 H, s) H der Formyl- 
gruppe; 8,03 (1 H, s) H i m  Oxazolring; 7,46 (1 H, s) und 
7,38 (1 H, s) aromat. Protonen. 

Biologische Wirkung. Die neuen Equileninanaloga I - I I I  
sowie einige ihrer Derivate zeigten in der pharmakologi- 
schen Untersuchung keine oder nur  unbedeutende 6stro- 
gene Aktivitgt 13. 

Summary. The synthesis of heterocyclic equilenin- 
analogues is described. The new compounds are devoid 
of ally significant estrogenic activity. 

K. HUBER und A. YON ~r 

Pharmazeutisch-chemische Forschungslaboratorien, 
Sando: AG, Basel (Schweiz), 6. Mai 1969. 

12 W. WISLICENUS und F. SCIIULTZ, Annln Chem. d36, 55 (1924). 
la Die biologische Priifung der Pr~iparate erfolgte dureh Herrn Prof. 

Dr. :E. FLOCKIGER in unserer mediziniseh-biologisehen Forsehungs- 
abteilung (Leitung: PD Dr.'A. CI~RLI~TTI). 

Distribution of Proteins in the Extracellular Space of Muscles and the Possible Role of Mucopoly- 
saccharides 

I t  has been difficult to estimate the volume of the 
extracellular space of muscle because the uptake of 
various solutes which are generally assumed not to 
penetrate into the fibers varies widely. I t  is desirable, 
therefore, to study the problem by a more direct approach. 
Information on this question is important  also to solve 
an apparent paradox. I t  is generally accepted that  the 
ground substance between tissue cells contains muco- 
polysaccharides. As shown by OGSTEN and PHELPS 1 
these substances exclude sterically large molecules such 
as proteins and inulin in concentrations as low as 0.2%, 
but  it is also known that  proteins, even molecules as large 
as those of ferritin, readily diffuse into the extracellular 
space. To study these problems muscles were equilibrated 
with concentrated solutions of proteins and their distribu- 
tion was determined with the electronmicroscope. 

Most of the work was done with the stomach of the 
frog, but  the same results were obtained with the sarto- 
rius and ventricle of the frog and with the taenia colt 
of the guinea-pig. The muscles were immersed in Ringer 
solution containing about 20% hemoglobin (Hb), myo- 
globin (Mb) or ferritin for 45-120 min. In  solutions of 
Hb and Mb normal spontaneous contractions of stomach 
muscle continued for more than 2 h, demonstrating that  
muscles were not injured. Ferrit in solutions were prepared 
as described by I'IUXLEu 2. The muscles were fixed ill a 
stretched condition in glutaraldehyde and osmium te- 
troxide and embedded in Dow epoxy. Thin sections were 
stained in uranylacetate and lead citrate and examined 
with a Hitachi elec,ronmicroscope. 

That  proteins penetrate into muscles is shown by the 
fact that  after immersion in solutions of Hb or Mb most 
of the extracellular space appeared uniformly darker 
than the fibers in stained sections. However, in all types 
of muscles 'studied long filaments of uniform diameter 
remained unstained (Figures 1, 2 and 3), probably be- 

cause they contain mucopolysaccharides and, therefore' 
exclude proteins. They will be called mucofilaments" 
They differ from other known structures of the extra- 
cellular space, specifically from collagen fibrils, by their 
appearance, size and distribution as shown by the fol- 
lowing description. 

(1) Collagen fibrils take up stain and have sharp out- 
lines, while mucofilaments remain unstained and appear 
fuzzy. (2) The diameter of the 'f i laments is about 500 A 
if shadowed with Hb (single measurements varying be- 
tween 450 and 600/k) and 300 A (with a range of 250 and 
350 A) when Mb is used. The difference between Hb and 
Mb evidently is due to partial penetration of Mb into the 
filaments. Collagen fibers of the frog stomach, on the 
other hand, generally have a diameter of about 220/k, 
never more than 300 A, confirming a previous report 3. 
(3) In  frog stomach muscle collagen fibrils are mainly 
present near the surface and near blood vessels, while 
mucofilaments are found throughout the extracellular 
space, except in regions less than 1000 A wide. Due to 
their staining, collagen fibrils generally cannot be seen 
in H b  and Mb treated muscles, but  in underdeveloped 
micrographs both structures can sometimes be seen side 
by side (Figure 2). 

If the filaments consist mainly of mucopolysaccharides 
it must be assumed that  these substances are arranged 
in a highly oriented form. That  they are normally in this 

1 A. G. OCTSTEN and C. F. PHELPS, Biochem. J. 78, 827 (1960). 
H. E. HUXLEY, Nature 202, 1067 (1964). 

3 H. GANSLER, Z. Zellforsehung 52, 60 (1960). 


