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Eine  Mbglichkeit ,  Aussagen fiber das qua l i t a t ive  Ver- 
halten der  L6sungen yon  (1) zu gewinnen,  sei durch fol- 
gende Bemerkungen  angedeu te t :  m a n  verschaf i t  sich e n e  
L6sung yon  (2) y = y ( x , t ) ,  drf ickt  m i t  Hilfe dieses An- 
satzes gemfiss 

iv /v l + y x  ~dx : l + yx 2 dx ~ s ( x , t )  (3) 

s als Funk t ion  yon  x und t aus und br ing t  so die zweite der 
beiden Gleichungen (1) in die F o r m  

G[x, y] - Hfy] - C(x, t), (4) 

wobei H[y] den  l inearen Dif fe ren t ia lausdruck  (2) bedeu- 
tet  und ((x,t)  fo rmal  ats Anregung in te rpre t ie r t  werden 
kann. 

U m  den Ausdruck  G[x,y] nach  (4) aufzuspal ten,  wird 
er zunAchst mi t  Hilfe  yon  

y '  = ya.x' und y" = x'2Yxx + x"y  x 

im Sinne yon  yx ~ 1 vereinfacht .  Fi i r  ~ ergibt  cine kurze 
Rechnung 

= Ytt + 2 yxt.r + yxz.+ 2 + yx~. 

Wenn der  Ansa tz  p(x , t )  zum ]3eispiel der  Grundschwin-  
gung entspr icht ,  also e twa  

~x So ~2 ~(x,t) = A cos cot sin ~ mit w '~= - - -  
IoM 

angenommen wird, so lassen sich die Able i tungen  yon  x 
nach s und t gem~ss (3) aus 

F(x,  s, t) --- E(p,  ~) - 2 sE(p) = 0 

bestimmen, wobei  

p~ = a _ ~ _  ~ ~A 
~ cos cot, ~ ~x 

1 + a  ~ ' a  ~ l--o 

sind und E ( p ,  ~) bzw. E ( p )  das ell iptisch bzw. vollst~ndige 
elliptische In teg ra l  2. G a t t u n g  bedeuten .  D a m i t  gewinnt  
der Dif ferent ia lausdruck G schliesslich die Gesta l t  

C[x, y] = H[y] - C(x, t). 

Das heisst  also:  das Verha l ten  der gem/iss (1) Irei 
schwingenden Saite s t i m m t  im R a h m e n  einer angen~iher- 
ten Behand lung  tiberein mi t  dem Verha l ten  einer ange- 
regt schwingenden Saite,  die sich unangeregt  gem/iss (2) 
bewegen wiirde. 

H. MULLER 

Ins t i tu t  /i~r theoretisvhe P h y s i k  der Johannes-Gutenberg-  
Universiti~t M a i n z ,  79. Februar  1958. 

S u m m a r y  

For the  Car tes ian coordinates  of the  e lements  of a 
vibrating string, which are in t roduced  as funct ions of 
time and a pa rame te r  (similar to the  Lagrangean  me thod  
in hydrodynamics) ,  a general,  non-l inear  sys tem of dif- 
ferential equa t ions  is offered. The  behaviour  of the  
freely v ib ra t ing  s t r ing corresponding to this sys tem 
agrees, approx imate ly ,  w i th  the  behaviour  of a str ing pu t  
in motion in a cer ta in  way, which string, if mov ing  freely, 
would ac t  according to t he  l inear  different ial  equa t ion  
of the e lementa ry  theory .  

The  Structure  of Nape l l ine  and S o n g o r i n e  

Some t ime ago 1 we have  descr ibed the  isolat ion of 
napel lonine (C22H,tO3N) and napel l ine  (C22H,~O3N) f rom 
amorphous  aconit ine.  We  h a v e  shown t h a t  napel lonine  
contains  the  gar rya  skeleton and m a y  be represen ted  by  
the  par t ia l  s t ruc ture  I.  
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Napell ine m a y  be obta ined by LiA1H, reduc t ion  of 
napellonine and thus  m a y  be represented  by  I w i th  an 
equator ia l  OH group in place of the  keto group.  The  
par t ia l  s t ructure  I was based on conclusive evidence  on 
the s t ructure  and subst i tu t ion  of the  C - D  (1-2-3-bicyclo 
octane) ring system and on dehydrogena t ion  data .  These 
included the isolation of a good yi: Id of unident i f ied phen-  
anthrenes  and of the azaphenan th rene  I I  which is a ty -  
pical dehydrogenat ion  product  of vea tch ine  2. 

To complctc  the  par t ia l  s t ruc ture  I i t  was still  necessary 
to place a hydroxy  group and form an addi t iona l  carbon-  
carbon bond. The first point  was regarded  as se t t led  when  
napell ine was shown to give glyoxal  by  t r e a t m e n t  w i th  
lead te t ra-acetate .  This, according to EDWARDS ~, de- 
monst ra tes  the presence of an e thano lamine  group. The  
addi t ional  carbon-carbon bond was t e n t a t i v e l y  pos tu la ted  
to be a C17-C 8 bond on the  following evidence.  Si lver  
oxide  oxidat ion  of d ihydronapel l ine  (pK = 7.8) gave  
two compounds  (C2,H33OaN IAI and C~2H~504N IV) formu- 
lated as I I I a  and IVa. Compound  I I I  was a carbinoI-  
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amine-e ther  more weakly  basic t han  d ihydronapel l ine .  
On the  o ther  hand,  i t  was shown by  infrared evidence t h a t  
the  sal ts  of I I I  have  qua t e rna ry  Schiff sal t  character .  The  
only  exp lana t ion  of this unpreceden ted  behavior ,  t h a t  we 
have  been able to th ink  of a t  the  t ime,  was to place t he  
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carbinolamine-ether group at  a bridgehead of such a 
type, which would make the quaternary Schiff salt 
energetically unfavourable, but  still possible. 

The only way to create a bridgehead which would 
satisfy this requirement in the partial structure I is the 
assumption of a C~7-C . bond. The oxidation of the weakly 
basic carbinolamine-ether I I I  with CrOa in pyridine gave 
then a lactam C22H27NO4 (V) formulated as Va. However, 
it will be shown now tha t  these conclusions were erroneous 
and tha t  the reasons for the weak basicity of the carbino- 
lamine-ether I I I  are entirely different and, we believe, 
quite novel in their character. 

We have recently sent a sample of napellonine to Dr. 
A. D. KvzovKov,  Moscow. Dr. KuzovKov has kindly in- 
formed us that  napellonine is identical with the alkaloid 
songorine, the dehydrogenation of which he has been 
studying 4. IZuzovKov was able to isolate from this 
reaction a ClsH~s phenanthrene and identify it as VI by 
synthesis. If one takes this dehydrogenation result at  its 
face value, it is obvious (as has been suggested also by 
Dr. KuzovKov) that  the CI~-C s bond in napellonine and 
napelline must be replaced by a CI~-C10 linkage. (Of 
course, a Cx6~-C~o bond is also possible at  this stage; we 
shall discuss the decision between the two possibilities at  
the end of this article.) 
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H 
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If  one assumes a CxT-Cx0 linkage, one can formulate the 
weakly basic carbinolamine-ether I t I  only as I I Ib  or i I tc .  

Both these structures are quite unsatisfactory since 
I I Ib  fails to explain the weak basicity (see garryine, 
pK  = 8.8) and I I Ic  clearly rules out the existence of 
quaternary Schiff salts. We have reached, consequently, 
the conclusion tha t  some of the evidence must be mis- 
leading. At this stage we have just ascertained that  other 
aconite alkaloids, which definitely contain an N-ethyl  
group give glyoxal on t rea tment  with lead tetra-acetate 
and that  consequently this reaction 3 has no diagnostic 
value for the presence of an ethanol amine group. Further-  
more, already YUNUSOV ~ has demonstrated the presence 
of an N-ethyl in songorine and also we have been able 
to prove now conclusively the presence of this group in 
napelline and napellonine in a manner similar to the 
method used by us previously for veatchine 5 (for details 
of this evidence, see forthcoming full publication). This 
finding enables us to formulate the weakly basic ¢arbinol- 
amine-ether as IIId,  its Schiff salts as VI I  and its oxida- 

tion product by CrO~-pyridine as Vb instead of Va. That 
this last compound is indeed a triketone foUows clearly 
from the quant i ta t ive  comparison of its infrared spectrum 

I Cr O-py 
o o 

Vb V I I I  

with the spectrum of isonapellonine VII I .  The intensity 
of the sixmembered ketonic peak (1712 cm -I) in Vb is 
much greater than the intensity of the five-membered 
ketonic peak (1740 cm-1). In compound V I I I  both peaks 
are equal. 

I t  still is necessary to show why I I Id  should be, by two 
orders of magnitude, less basic than garryine, The follow- 
ing scheme which shows the equilibria between carbinol- 
amine-ether and quaternary Schiff base forms for I I Id  (a) 
and garryine (b) clearly illustrates this point. 
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In'**(a) there is a rigid 1,3 diaxial interaction between the 
trigonal carbon and tile hydroxy group which is relieved 
by ether formation. In (b) the free rotation around the 
three bonds of the ethanol amine group stabilizes the 
quaternary Schiff form. 

The strongly basic oxidation product of dihydrona- 
pelline previously formulated as IVa must  now be formu- 
lated as IVb. 

This assignment is in agreement with the experimental 
demonstration tha t  the N-alkyl group may  be removed 
by vigorous hydrolysis. 
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The skeletal structure as in IX for napel]ine and its 
derivatives is equally plausible and permits a quite 
analogous interpretation of all tile data. 
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However ,  fl~e bas ic i ty  of t i le weakly  basic carbinol- 
amine-e ther  III,  if i t  is fo rmula ted  as IX ,  cannot  be 
equally well  expla ined as for the  s t ruc tnre  I I Id .  

There is a s t rong t endency  to ma in ta in  C17 in the  
trigonal s t a te  because of steric in te rac t ion  wi th  C s. This 
effect would  oppose the  bas ic i ty  weakening  in teract ion 
with the  axia l  h y d r o x y  group.  (For a deta i led  discussion 
of this effect  in veatchine ,  see ref.~.) This  means  tha t  the  
interact ion wi th  the  axia l  h y d r o x y l  would  have  to lower 
the bas ic i ty  no t  by  two, b u t  a lmos t  b y  f ive orders of 
magni tude  (pK of vea tch ine  = 11.5). This  is considered 
unlikely and consequent ly  the  C~7-C10 bond is preferred to 
the C~6-C~0 bond in the  napell ine skeleton.  Also the  oxida- 
tion of I I I d  to Vb is analogous to the  course of such a 
react ion in garryine.  The  ox ida t ion  of vea tch ine  has 
never been observed to give C17 tactams. 

The s t ruc ture  of  napel l ine and napel lonine can  of course 
not  be  regarded  as r igorously proven,  b u t  the  ra ther  
extensive evidence  avai lable  a t  present  is ful ly compat ib le  
with the  s t ruc tures  discussed. 

There is only  one a t t r ac t i ve  hypothes is  left. This is the  
possibili ty t h a t  in the  last  step of K u z o v K o v ' s  synthesis,  
which was a dehydrogena t ion ,  the  v e r y  plausible rear- 
r angement  of a m e t h y l  group in to  t he  less h indered 9 
position has  occurred and t h a t  the  ' na tu ra l '  phenan th rene  
is ac tua l ly  1 -9-d imethy l -7-e thyI  phenanthrene .  This 
possibil i ty changes no th ing  in the  in te rp re ta t ion  of the  
chemis t ry  of napell ine,  i t  on ly  means  t h a t  the  biogeneti-  
cally v e r y  plausible s t ruc tu re  X is still a possibi l i ty  for 
napelline besides the  s t ruc ture  X I .  

N~",.O H H~ 0 ~ .  H 

OH X xI 
We might  men t ion  t h a t  the  skeleton as in X was con- 

sidered b y  us a b o r i g i n e ,  b u t  discarded ini t ia l ly  for the  
reasons we h a v e  discussedL 

We have  recent ly  also sent a sample  of napel lonine to 
Professor E.  OcrliAi, Tokyo,  who has ascer ta ined its 
ident i ty  wi th  the  Sh imoburo  b a s e l  

In  conclusion, we wish to  wi thd raw the  name  napel-  
tonine in f avour  of t he  n a m e  songorine,  in deference to  
the first isolat ion of  this  c o m p o u n d  by  YuNtrsov5  

We wish to thank Dr, A. D. t{UZOVKOV and Professor E. OCHIAI 
for kindly communicating their results to us. 

K.  WIESNER, SH6 IT6, and Z. VALENTA 

Organic Chemistry Laboratory, University o /New Bruns- 
wick, Canada. 

Zusammen/ass~ng 

Ffir das  Aconi tum-Alka lo id  Napel l in  wurden  auf  Grund  
einer e ingehenden Diskussion des Ta tsachenmater ia l s  die 
Strukturen X I  bzw. X vorgeschlagen.  Das Alkalo id  
Songorin i s t  das  dazugeh6r ige  R i n g - D - K e t o n .  

s K. WIESlqER and J. A. EgWAnDS, i~xper. 11, 255 (1955). 
7 TSUTOMU SUGASAWA, Pharmae. Bulletin d, 6 (1956). 

t ~ b e r  d i e  A t m u n g s e n z y m e  d e s  S e e i g e l e i e s  

Die In fo rma t ion  fiber die A t m u n g s e n z y m e  des See- 
igeleies erscheint  l i ickenhaft ,  grossentei ls  v e r a l t e t  und 
teilweise widersprechendL Ungekl~irt sind un t e r  ande rem 
folgende Fragen :  

1. Inwiewei t  das Z y t o c h r o m - S y s t e m  opera t iv  ist2; 
2. der  Weg  des Wassers toff -Transpor tes ,  insbesondere  in-  

wieweit  D P N H -  und T P N H - d e h y d r i e r e n d e  E n z y m e  
ak t iv  sind; 

3. ob der Zitronensl iurezyklus wi rksam ist, besonders  im 
Hinbl ick  auf mehrfache  Ber ichte  fiber die Abwesen-  
heft yon Succ ina t sys temen 3, und  

4. N a t u r  und Abbauweise  der  Subs t ra te  der  endogenen  
AtmungL 

Zudemis t  auch  die intrazellul~tre Ver te i lung  der  A tmungs -  
systeme, ob Mitochondrien und Mikrosomen oder  ihre 
}i.quivalente existieren,  bisher n icht  un te r such t  worden,  
In  einer Mit tei lung 5 wurde ktirzlich der Beweis  ffir mi to -  
chondrienart ige Teilchen,  die das komple t t e  Zy toch rom-  
Sys tem enthal ten,  gefiihrt.  Unsere  Un te r suchungen  er- 
gaben folgende Hauptergebnisse :  

Es  gelang mittets photomet r i sch-k ine t i scher  Methoden  
der  Nachweis und die Messung yon a) Z y t o c h r o m - O x y -  
dase, b) hochakt iver  D P N H " - Z y t o c h r o m - c - R e d u k t a s e  -, 
c) Succinodehydrase-  und d) schwacher  T P N H - Z y t o -  
chrom-c-Reduktase-Akt iv i t l t t en  ( <  1/20 der  D P N H - R e -  
duktase-Aktivit~it)  im H o m o g e n a t  yon unbe f ruch te t en  
ebenso wie yon befruchte ten  Seeigeleiern. 

F rak t ion ie rung  mit te ls  Zent r i fuga t ion  zeigte enzyma-  
tische Profile, wie sie Ifir Mitochondrien und Mikrosomen 
kennzeichnend sind (Tabelle I). Nur  die Mi tochondr ien-  
f rakt ion zeigte Zy tochrom-Oxydase  und Succinodehy-  
drase-Wirkung;  ihre Succinodehydrase  und D P N H - Z y t o -  
chrom-c-Reduktase  war  durch R O - H e m m s t o f f  h e m m b a r  
(Tabelle II) .  Diese Eigenschaf ten  der  Mi tochondr ien  s ind 
also beim Seeigel und be im S/iugetier gleich. Die Mikro- 
somen en tha l ten  ann~ihernd die H~lf te  de r  gesamten  
DPNH-Zytochrom-c-Reduktase -Akt iv i t~ t t .  Neben  der  Ab- 
wesenhei t  yon Zy tochrom-Oxydase  und Succinodehy-  
drase sind sic durch RI~ nicht  beeinflussbar.  Das  Diffe-  
renzspekt rum (reduziert  mi t te ls  D P N H  und Di th ion i t  
gegen oxydiert)  einer Mikrosomensuspension ~ihnelt d e m  
Mikrosomenzytochrom (bs) der  S~iugetiere, j edoch  ist  das 
Max imum 7 in der  7-Bande bei 428-30 rap, also deut l ich  
zum Langwetl igen lain verschoben.  Gegen eine Identi t~. t  
m i t  Zy tochrom b 5 spr icht  auch die Abwesenhe i t  einer  
ka ta ly t i schen Wi rkung  bei Zugabe yon  E r y t h r o z y t e n -  
Diaphorase,  wie sic bei Zy tochrom b 5 beobach te t  wurde  s. 

1 j .  RUNDSTR/.JM, Adv. Enzymol. 9, 241 (19.t9). 
2 E. G. BALL und B. MEYERi/OF, J, b[ol. Chem. 134, 483 (1940). - 

M. E. KRAUL, A. K. KELTmi, C. E. NEUBEeK trod G. H. A. CLOWES, 
J. gem Physiol. og, 597 {1941). 

a E. G. BALL und B. MEYERHOF, J. biol. Chem. 134, 483 (19.10). - 
I. M. GOLDINGER mad E. S. G. BARRON, J. gen. Physiol. 30, 73 (1943). 
- A. K. KELTClt et al. J. gem Physiol. 3a, 547 (1950). 

4 M. E. KRAHL el al., J. gem l'hyslol. 38, 31 (1954-55); Biochim. 
biophys. Aeta 20, 27 (1956). 

s A. GmRETTI-MAGALDI, Exp. Celt Res. (im Druck). 
6 Abktirzungen: DPNH: reduziertes Diphosphopyridinnukleotid; 

TPNH: reduziertes Triphosphopyridlnnukleotid; R0:  Rctikulo- 
zytenhemmstoff. 

P. STRITTMATTER mad S. F. VELIelL J. biol. Chem. eel, ~53 
(1956). - D. GARFINKEL, Arch. Biochem. Biophys. 71, 111 (1957). 

8 S. t~APOPORT und C. WAGENKNECHT, Naturwissenschaften ~4, 
515 (1957). 


