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The qua l i t a t ive  aspect  of the  exper imenta l  results 
avai lable  in  N o v e m b e r  1957, which show the viola t ion 
of the C- and  the  _P-invariance for weak interact ions,  is 
reviewed. The me thods  hereby  appl ied are betadeca3~ of 
or iented  nuclei,  polar isa t ion  of emi t t ed  electrons in beta-  
decay, be ta -gamma-cor re la t ion ,  a s y m m e t r y  in the de- 
cay of /*-mesons genera ted  b y  z-meson-decay.  The solu- 

t ion of the O-v-puzzle by  the  a s sumpt ion  of a single 
part icle  (K-meson) wi thou t  defined pa r i t y  is ment ioned .  

In  the concluding  section, some aspects  of the  un-  
solved thcorct ical  problcms of the dccpcr rcasons for the  
s y m m e t r y  violat ions of the  weak in te rac t ions  are br ief ly  
discussed which will possibly also lead in to  open 
cosmological questions.  
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A Biogene t i c  S c h e m e  for Gentianine  

The alkaloid gen t i an ine  to which s t ruc ture  (I) has been 
assigned on  the  basis of degrada t ion  ~ and  synthe t ic  
evidence s, is un ique  in hav ing  ca rbon  subs t i tuen t s  a t  the 
3-, 4-; and  5-posit ions of the  pyr id ine  ring. A plausible 
b iosynthe t ic  route  to this  alkaloid is suggested by  the  
presence of two 2-carbon f ragments  in adj scen t  positions. 
~NooDWARD fission 3 of 1 : 2 : 3 :4- te t rahydro-6 :  7-dihy- 
droxyisoquinol ine  ( iI)  would yield the pyr id ine  ( l l I )  
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which can  give b y  ox ida t ion- reduc t ion  and  dehydra t ion ,  
the v i ny l  c o m p o u n d  (IV). A t t ack  a t  the  allylic (starred) 
posi t ion in  (IV) b y  formaldehyde or equ iva len t  4 would 
give the  alcohol (V), which through oxida t ion- reduct ion  

I T. R. GOVINDACHARI, K. NAGARAJAN, and S. RAJAPPA, J, chem. 
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Soc. 1957, 5725. 
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to the lactone (Vt) and  dehydrogena t ion  would yield 
gent ian ine  (I). The sequence of s teps ou t l ined  here 
need no t  be the same in the  p lan t ,  b u t  i t  is of in te res t  
t ha t  gent ian ine  furnishes the  s implest  example  of a n  
alkaloid whose format ion is best  expla ined by  invok ing  
a WOODWARD fission. 

T. ]{, GOVINDACIIARI, 
g .  NAGARAJAN, a n d  S. RAJAPPA 

Department o/Chemistry,  Presidency College, Madras 
(India), August 13, 1957. 

Zusammen/assung 

Fiir  die Biogenese des Gen t ian ins  wird ein plausihles 
Reakt ionsschema vorgeschlagen. 

T e s t o s t e r o n e  a n d  Methyl tes tos terone  
f r o m  H y o d e s o x y c h o l i c  A c i d  

A recent  report  t from these Laborator ies  described 
the conversion of hyodesoxycholic acid (3a¢, 6:¢-dihydroxy- 
cholanic acid) (I), the  ma in  cons t i t uen t  of hog-bile 
into the corpus lu teum hormone  - progesterone.  The 
present  communica t ion  is a logical extens ion of these 
studies to include the prepara t ion  of analogous male sex 
hormones  - tes tosterone and  its syn the t ic  homologue,  
methyl tes tos terone  (VIl I ) .  

The diaceta te  of 3~,6~-dihydroxypregnan-20-one 
(If), readi ly  obta ined  t from the bile acid ([) in  55% 
yield by  the Meystre-Miescher degradat ion ,  was enol-  
ace ty la ted  in carbon te t rachlor ide solut ion wi th  acetic 
anhydr ide  and  a trace of perchloric acid (70-72%) z. I n  
view of the  geometrical  isomers, an t ic ipa ted  on the  
format ion  of the A m d o u b l e  bond  s, no a t t e m p t  was 
made  to isolate the  t r iace ta te  ( I II) ,  which was d i rec t ly  

I 14. R. BHARUCIIA, G. C. BUCKLEY, C. K. CROSS, L. J. RumN, 
and P. ZIEGLER, Call. J. Cheni. 34,985 (1956). 
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and T. WALKER~ J. chetn. Soc. 1954~ 7.17. 
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and HUANG-MINLON, J. Anwr, chem. Sea. 71, 1840 (|949). 
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ozonised i n  s i tu  in  a m i x t u r e  (1 : 1) of c a r b o n  t e t r a c h l o r i d e  
a n d  aqueous  acet ic  acid (95% v /v ) .  R e d u c t i v e  d e c o m p o -  
s i t ion  of t he  ozonide  w i t h  zinc dus t ,  fol lowed b y  saponi -  
f ication,  gave  3m 6 a - d i h y d r o x y a e t i o c h o l a n - 1 7 - o n e  (IVa),  
m.p.  246-250 °, [e3~i ~ + 52.65 (c, 1.675 ~) ( F o u n d :  C, 74.46; 
H,  9.97; O, 15.63%. C~HsoO s requ i res  C, 74.47; H,  9,87; 
O, 15.66°/0), c h a r a c t e r i s e d  as i t s  d i a c e t a t e  ( IVb) ,  m.p .  
141-143 °, ~ ] ~  + 65,28 (c, 1.034) ( F o u n d :  C, 70,58; H,  
8-70; O, 20.7%. C,aH~,O ~ requ i res  C, 70-76; I-I, 8.71; O, 
20.51%).  The  conve r s ion  of 3e, 6 e - d i h y d r o x y  grot~ps of 
(IVa) in to  3 f l - h y d r o x y - A ~ - m o i e t y ,  a p r ecu r so r  of 3 ke to-  
A ~-grouping was  effected fo l lowing t h e  m e t h o d  deve lop -  
ed ear l ier  in  these  L a b o r a t o r i e s  ~. T he  d i t o s y l a t e  (IVc),  
m.p .  158"159 ° (decomp.) ,  [~)~ + 40-03 (c, 1.768) ( F o u n d :  
C, 64-63; 64.62; H,  6-92; 6.95; O, 18-24; S, 10-42%.  
Ca~H,~O~S~ requ i res  C, 64-47; I-t, 6.89; O, 18.22;  S, 
10.43.%), d e r i v e d  f rom t h e  diot ( IVa)  in  n e a r  q u a n t i t a -  
t i ve  yield,  b y  t r e a t m e n t  w i t h  p y r i d i n e  a n d  p - t o l u e n e s u l -  
p h o n y l  chlor ide,  was  h e a t e d  w i t h  p o t a s s i u m  a c e t a t e  in  
aqueous  d i m e t h y l f o r m a m i d e  a t  100 ° for 4 ~  h. Sa-  

a All rotations were measured in a 1 dm tube, in dioxane, unless 
otherwise stated. 

K. R. ]3HARIICltA, G. C. BUCKLE.Y, C. K. CRoss, L. J. Rumz¢, 
and P. Z~mGLER, Can, J. Chem. 34, 98~2 (1956). - P. Z~mGLmR and K. 
R. BHARUeHA, Chem. and Ind. 1955, 1351. - See also L. VARGHA 
and M. RADOS, Chem. and Ind. 1956, 896. - L. VARGH&, M. RADOS, 
and M. KRAUT, Acta ehim. Aead. Sci. Hung. 8, 303 (1955). - S. BmRG- 
STROM and K. PAABO, Acta chem. Scand. 9, 699 (1955). 

p o n i f i c a t i o n  a n d  c h r o m a t o g r a p h i c  p u r i f i c a t i o n  t h e n  
a f fo rded  t h e  k n o w n  A ~ - d e h y d r o e p i a n d r o s t e r o n e  (V) 
(34% overa l l  y ie ld  f r o m  II) ,  re.p.  a n d  m i x t u r e  m.p .  
148-151 °, c o n v e r t i b l e  to  t e s t o s t e r o n e  b y  we l l - e s t ab l i shed  
m e t h o d s  6. 

T h e  s y n t h e s i s  of t h e  h i g h e r  h o m o l o g u e  - m e t h y l t e s t o -  
s t e rone  ( V I I I )  f r om (V) was  a c c o m p l i s h e d  v ia  G r i g n a r d  
a n d  O p p e n a u e r  r eac t ions .  A d d i t i o n  of m e t h y l m a g n e s i u m  
iodide  in  e t h e r  to  t he  k e t o n e  (V) was  i n i t i a l l y  r e p o r t e d  
b y  RIIZlCKA et a L L  to  g ive  17c¢-methy l -311 ,17 f l -AS-an  - 
d r o s t e n e d i o l  (VI),  t h e  yie ld  (57%)  b e i n g  s u b s e q u e n t l y  
i m p r o v e d  8 to  7 4 %  b y  t h e  s i m p l e  e x p e d i e n t  of u s i n g  a 
t en - fo ld  excess  of t h e  G r i g n a r d  r e a g e n t .  I n  t h e  p r e s e n t  
work ,  m e t h y l m a g n e s i u m  chlor ide ,  r e ad i l y  p r e p a r e d  in  
900/0 yield,  in  t e t r a h y d r o f u r a n ,  was  u t i l i sed  a n d  a f fo rded  
t h e  1 7 e - m e t h y l - d i o t  (VI) ,  m .p .  a n d  m i x t u r e  m.p .  
199-202  ° , i n  ca.  8 0 %  yie ld .  S imi la r  r e s u l t  was  o b t a i n e d ,  
w h e n  d e h y d r o e p i a n d r o s t e r o n e  a c e t a t e  was  s u b s t i t u t e d  

6 Inter alia: L. F. FI~SER and M. FIESER, Natural Products Related 
to Phenanthrene (Reinhold Publishing Corp., NewYork 1949), p. 371.- 
A. C. OTT, M. F. MURRAY, and R. L, PI~DERSON', J. Amer. chem. Soc. 
74, 1239 (1952). -- F. SONDttEIMER, C. AMENDOLLA, and G. ROSEN- 
KRANZ, J.  Amer. chem. Soe. 75, 5930 (1953). - H. J. DAUBEN, Jr., B. 
L6KEN, and H. J. RINGOLD, J. Amer. chem. Soc. 76, 1359 (1954). 

7 L. RUZIGKA, .'~I. W. GOLDBERG, and H. R. ROSENBERG, Helv. 
chim. Acta 18, 1487 (1935). 

s G. I. Kn'RIANOV and B. E. FRENKEL, J. gem Chem., Moscow 9, 
1682 (1939); Chem. Abstr. 34, 3756 (1940). 
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for the free hydroxy compound (V). With  methyl- 
lithium in ether, the addition reaction was very rapid 
(30 min), but  the yield (70%) was somewhat diminished. 
The final step in the projected transformation was 
completed by Oppenauer oxidation with cyclohexanone 
and aluminium isopropoxide in the usual manner to 
furnish methyltestosterone Will), m.p. and mixture 
m.p. 164-166% ~max 2410 A = 16,300 (in EtOH),  in 87% 
yield. An interesting modification was discovered during 
the course of these investigations and consisted in the 
use of act ivated a l u m i n a  in place of the conventional 
alkoxide catalyst.  Thus, the diol (VI), on t rea tment  with 
cyclohexanone and alumina (3 g/g steroid) at the reflux 
temperature  of toluene for i h was smoothly converted into 
methyltestosterone (VIII) in 80 % yield, taking into consi- 
deration a 17 % recovery of start ing material. The hetero- 
geneous oxidation, though closely related to, is mechani- 
stically different from the Oppenauer reaction, which 
involves a quasi six-membered cyclic transit ion state 9, 
depicted in (IX). I t  is unlikely tha t  such an activated 
complex obtains with the alumina catalysed oxidation, 
which presumably entails co-adsorption of the diol (VI) 
and cyclohexanone on the act ive surface of the catalyst  
with subsequent hydrogen transfers from the steroid- 
donor to the ketone-acceptor.  In this respect, the reaction 
is reminiscent, in general, of the heterogeneously cata- 
lysed transferhydrogenations,  studied extensively by 
BRAUDE, LINSTEAD et al. lo, and in particular, of the 
Raney nickel catalysed oxidations ~1 with cyclohexanone. 

In an al ternat ive route to the diol (VI) from the dihy- 
droxy-ketone (IVa), the sequence of reactions was re- 
versed, i.e., the  C1~ side-chain was elaborated preparatory 
to the construction of the 3fl-hydroxy-AS-grouping. 
Trea tment  of (IVa) with methylmagnesium chloride in 
tetrahydrofuran under conditions identical to those used 
with (V), surprisingly gave a comparat ively  low yield 
(45%) of 17~-methyl-3~,6¢c, 17fl-aetiochotantriol (VIIa), 
m.p. 230-232 °, [c¢]~--23-47 (c, 0.649) (Found: C, 74.27; 
H, 10-61; O, 15.10%. Ct0H3403 requires C, 74.49; H, 
10.63; O, 14-89%). A priori, this was ascribed to the poor 
solubility of (IVa) in the reaction medium, particularly 
as some (12%) recovery of the starting material was 
made. However,  this could hardly have been the reason, 
since replacement of (IVa) by its diacetate (IVb), which 
is quite soluble in te t rahydrofuran and gives a soluble 
Grignard complex, still failed to improve the yield. 
Tosylation of the tr iol  (VIIa) with pyridine and tosyl 
chloride at  0-5 °, and subsequent dehydrotosylation of 
the resultant  ditosylate (VIIb), m.p. 145 ° decomp., 
[c¢~[{ -- 10.74 (c, 0.849) (Found: C, 64.70; H, 7.49; O, 
17.98; S, 10.22%. C3~H~O7S ~ requires C, 64.73; H, 7.35; 
O, 17.75; S, 10.16% ), as described above with (IVc), 
furnished 17x-methyl-3fl ,  17/5-AS-androstenediol (VI), 
m.p. and mixture  m.p. 197-201 °, [~]~ -- 74.2 (c, 1.105, 
alcohol) in 45% yield. The isolation of pure (VI) was a 
mat te r  of considerable difficulty and was best achieved 
by conversion to, and regeneration from its oxalic acid 
adduct  x~. 

9 R. B. WOODWARD, N. L. WE~DLER, and F. J. BRUTSCnV, J. 
Amer. chem. Soc. 67, 14~28 (1945). - L. M. JACK~tA~ and A. K. 
MACBETlt, J. chem. Soe. 19,~e, a~Sg. - W. vo~; E. DOEmNC and T. C. 
ASCUNER, J. Amer. chem. Soe. 7a, 393 (1953). 

x0 E. A. BRAUDE and R. P. LINSTEAD, J. chem. Soc. 195,l, 35:14, 
and subsequent papers in this series. 

11 E, C. KLEIDERER and E. C. KORNFELD, J. org. Chem. 13, 455 
([948). 

1~ K. MmSCHER and H, KXGI, Helv. chim. Acta 2~, 986 (1941). - 
L. YODER, U.S.Patent, 2,36%605 (1944}. 

Full details of the work will be published at a later 
date, elsewhere. 

K. R. BttARUCHA 

Research Laboratories, Canada Packers Limited, To- 
ronto, Ju ly  29, 1957. 

Zusammen[assung 

Der t tauptbestandte i l  der Gallenfliissigkeit des 
Schweines, Hyodesoxychols/iure, wurde in die m/inn- 
lichen Geschlechtshormone Testosteron und Methyl- 
testosteron tiberfiihrt. Es wird eine modifizierte Oppen- 
auer-Oxydation beschrieben, bei der Aluminiumoxyd 
an Stelle des gebfiiuchlichen Alkoxyd-Katalysators  ver- 
wendet wird. 

On the Role of the 4-Formyl Group of the 
Pyridoxal-5-phosphate in the Activation of 

Apotransaminase 

In a paper by ConnN 1, the inhibition of transaminase 
act ivi ty by cyanide ions was ascribed to their action on 
the oxalacetic (or pyruvic) acid resulting in cyanohydrin 
formation. This assumption on the inhibition mechanism 
was never modified even when pyridoxal-5-phosphate 
(Py-5-P) was recognized as the eoenzyme of trans- 
aminase reactions. 

In  the a t tempt  to demonstrate an al ternat ive in- 
hibition mechanism characterized by cyanohydrin /or- 
marion due to the reaction between CN-ions and the 
4-formyl group of Py-5-P, we have followed the trans- 
aminase reaction (a) after addition to the ac t iva ted  
system of KCN, and (b) after addition to apotrans-  
aminase of Py-5-P previously incubated with KCN. 

Our results do not appear to be in agreement  wi th  the 
accepted role played by 4-formyl group of Py-5-P in the 
scheme of SCHLENK and FXSHEkL suggesting a particular 
role of this group in the a t tachment  of the coenzyme to 
apotransaminase. 

The glutamic-oxalacetic transaminase (GOT), used in 
our experiments, was prepared from pig heart as describ- 
ed by O'KANE and GUNSALUS 3, and purified up to the 
stage of heating at 60°C; the resolution was of about  
95% and specific act ivi ty  of 3.4 (t~M of oxalacetic acid 
formed by 1 mg protein per minute). 

The formation of oxalacetic acid was followed at  
280 m/~ in a Beckman spectrophotometer  rood. DU, 
equipped with thermospacer kept at  37°C. All other  
conditions of t ransamination reaction were those propos- 
ed by CAMMARATA and COHEN ~. 

The reaction between Py-5-P and KCN was allowed to 
occur in stoichiometric amounts  of Py-5-P (Hoffmann- 
La Roche) and KCN in phosphate buffer 0,05 M, pH 
7.4, for 90 rain at  500C, This addition reaction can be 
followed spectrophotometrically by the decrease of ex- 
tinction at  385 mfL {Fig. 1). The velocity constant  is 
4.65 liter mole -1 sec -1 at  37°C. At 50°C the reaction is 
obviously faster and at tains the completeness in 90 min. 
Full details regarding the kinetics of the above reaction 
will be reported elsewhere. 

1 p. p. COUEN, Biochem, J, 33, 1478 (1939), 
F. SCHLENK and A. FtStlER) Arch. Biochem. 1~, 69 (19.t7). 

3 D. E. O'KA~E and I. C. Gu~shsuS) J. biol. Chem. 17o) 425 
(1947). 

4 p. S. CAMMARATX and P. P. COUEN, J. biol. Chem. 193, 53 (1951). 


