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The  synthesis  of o ther  C , i -me thy l  steroids including the  
6~-fluoro analog of V will be described in a subsequen t  
report .  
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Zusammen[assung 

Die Dars te l lung  der  beiden ep imeren  C~-Methy lde r iva t e  
des 9e-Fluorprednisolons  wird beschrieben.  9~-Fluor-21- 
m e t h y l -  1, 4 -p regnad ien-  1 lfl, 17e, 21B-tr iol-  3, 20-dion-21- 
aze t a t  is t  ein hochwirksames  en tz i indungshemmendes  
Steroid,  v o l l k o m m e n  frei yon  Nebenwi rkungen  der  
N a t r i u m -  nnd  VCasserretention des C~l-unsubst i tuier ten 
9~-Fluorprednisolons.  

P h e n o l - M i n e r a l  I n t e r a c t i o n s  : 
T h e  O x i d a t i o n  of  P y r o g a l l o l  a n d  
O t h e r  o - D i p h e n o l s  o n  S i l i c a  Ge l  ~ 

Recent ly ,  HEss,  BACH, and DEUEL discussed evidence 
for the  fo rmat ion  of complexes  be tween  o-diphenols and 
var ious  Si -O-Si-compounds ,  offering t h e m  as models  for 
the  in terac t ions  leading to soil o rgano-minera l  substances  2 
Expe r imen ta l ly ,  t h e y  demons t r a t ed  the  dissolut ion of 
silicagel, a lumina,  and o ther  minera ls  in ammoniaca l  
ca techol  wi th  the  fo rmat ion  of crysta l l izable  complexes  or 
compounds .  Thei r  h igh ly  s ignif icant  exper iments  were 
carr ied ou t  under  compa ra t i ve ly  v igorous  t e m p e r a t u r e  
condit ions.  I t  m a y  also be of significance t h a t  phenol-  
minera l  in terac t ions  t ake  place under  mild  condit ions.  
Thus,  the  enzymic  ox ida t ion  of eugenol  to l ignin-like poly-  
mers  is enhanced  by  h ighly  ordered minerals  such as the  
Amphiboles  and Serpent ines  3. E v e n  in the  absence of 
enzyme,  chrysot i le ,  hornblende,  and rrmscovite can cata-  
lyze (at 25°C) the  ox ida t ive  po lymer iza t ion  of eugenol  to 
water- insoluble  substances  which can be e luted f rom the  
minera l  surface wi th  organic  solvents  4. 

I n  the  presence of chrysot i le ,  grani te  or hornblende,  the  
ox ida t ion  of ca techol  a t  o rd inary  t empera tu re s  led to for- 
ma t ion  of NaCl-precip i table  po lymers  in 23-32% yield. 
I n  the i r  absence, one- ten th  as much  po lymer  was formed.  
The  products  formed in the  presence of di f ferent  minerals  
were dis t inguished by  spectroscopic and chemical  ana-  
lysis. 

Chrysoti le,  grani te  and ga rne t  ca ta lyzed  r ing hydroxy-  
la t ion  and ox ida t ion  in pheny la lamine  a t  60°C in t he  
presence of H~O 2. 

I n  o t h e r  exper iments ,  glass fibres h a v e  been shown to 
ca ta lyze  pyrogal lo l  ox ida t ion  in e thanol ic  solut ion L 

Al though  these  sys tems  were set  up as models  for sur- 
face-ca ta lyzed phenol  oxida t ions  and differ  in approach  
f rom the  work  repor ted  by  HEss,  BACH, and DEUEL, t h e y  
m a y  be of  va lue  in revea l ing  o ther  aspects  of the  phenol-  
mine ra l  in terac t ion .  

Experimental. Silicagel 6 was washed  three  t imes  wi th  
h o t  10% He1 (1 1/g of gel), soaked in deionized wa te r  for 
6 h and  r insed in running ,  de- ionized wa te r  for 1 h. The  
washed  p roduc t  conta ined  no spec t rophotomet r ica l ty  de- 
t ec tab le  impuri t ies ,  and  gable nega t ive  tes ts  for Fe  ( I I I )  
and  Cu (II).  

When  M/10 pyrogal lol  in wa te r  or  e thano l  was poured 
over  a co lumn of washed silicagel, a ye l low-brown produc t  
formed on the  gel surface in less t han  1 sec. The  p roduc t  
cont inued  to darken  on the  gel surface and in the  super- 
n a t a n t  for an addi t iona l  10-20 min. The  adsorbed p igment  
was diff icul t ly  soluble in alcohol, incomple te ly  soluble in 
water ,  bu t  soluble in 10% HC1. 

The effect of small  quant i t i es  of silicagel was followed 
by  pho tomet r i c  de te rmina t ion  of ox ida t ion  p roduc t  a t  
425 m~. In  50 ml of M/10 KH2PO 4, 5 m M  of pyrogal lol  
were dissolved and silicagel added  in va ry ing  amounts .  
Af te r  t hey  were shaken a t  25°C for 1 h, the  absorbancies  
of supe rna tan t s  and HCl-e luates  were de termined .  The  
fol lowing a c t i v i t y  was observed for a 50-mesh gel which 
had been dr ied to  cons tan t  weight  over  P205 a t  35°C 
before use:  

Absorbaney at 425 m[~ 
Silicagel (nag) 

Supernatant [ 

0 
60 

120 
300 
600 

0.062 
0-067 
0"073 
0.083 
0.092 

Get l TotM (as%) 

- -  I00 
0-019 139 
0-021 150 
0"056 224 
0-085 287 

In  e thanol ,  pyrogal lol  au toxid izes  a t  one - twen t i e th  the  
ra te  observed in aqueous  media,  and the  addi t ion  of 600 mg 
silicagel to 5 mM of pyrogatlol  in 50 ml 95% e thanol  
increased the ra te  of ox ida t ion  30-fold. 

Silica gel is also ac t ive  in chloroform where pyrogal lol  
au tox ida t ion  is nil. E v e n  a i r -dry  silica gel mixed  wi th  
pyrogallol  powder  develops  a black surface deposi t  dur ing 
several  weeks a t  25°C. 

W h e n  the  gel is hea ted  for 30 min  at  500°C, its ca ta ly t ic  
a c t i v i t y  is lost. Similarly,  fine f l-quartz powder  had  no 
a c t i v i t y  a t  all. 

In  addi t ion  to the  commerc ia l  p roduct ,  gels were pre- 
pared f rom sodium metas i l ica te  and t e t r a e t h y l  orthosili-  
care (C2H~O)4 Si, using He1 or acetic acid. W h e n  M/100 
H F  was used, the  gel formed f rom e thyl  or thosi l icate  was 
v i r tua l ly  inact ive .  

The  ox ida t ion  products  formed under  aqueous  condi- 
t ions were somewha t  var iab le  in composi t ion,  b u t  yielded 
C 48-55%,  H 1 -2%,  and ash 1-2°/o . These p roduc t s  gave 
no defini te  mel t ing  point ,  were l ightened somewha t  in 
color by  reducing agents,  and reac ted  v igorously  with 
bleaching on addi t ion  of peracet ic  acid. Thei r  u l t raviole t  
absorpt ion  character is t ics  resemble closely those described 
for ca techol  po lymers  formed in the  presence of mineral  
surfaces 4. 

Other  phenols  were also tes ted as silicagel substrates.  
Phenol ,  hyd roqu inone  resorcinol, caffeic acid and chloro- 
phenols  were no t  oxidized, whereas  the  o-diphenols cate- 
chol, gallic acid, and d ihydroxypheny la l an ine  (DOPA) 

1 Most of this work was carried out at the University of Rochester 
with the support of Grant C-2730, National Cancer Institute, U. S. 
Public Health Service. 

2 R. HEss, R. BACH, and H. DEUEL, Exper. 16, 38 (1960). 
3 S. SIEC, EL, J. Amer. chem. Soc. 7.9, 1628 (1957). 
4 S. SIEGEL, Proc. Nat. Aead. Sci. U. S. 43, 811 (1957). 
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Fisher Scientific Co. Silica gels, up to 200 mesh (gas chromato- 
graphy grade). The ethyl silicate used was a Fisher purified grade, 
and sodium metasilicatc was a certified reagent grade. 

The work of ZIECIIMAN and KROLL cited in e. -- F. SCHEFFER and 
W, HROLL, Agroehimica 4, 97 (1960). 
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like pyrogal lol  were conver ted  into b rown or red-brown 
products  rapidly.  

The  ca ta ly t i c  a c t i v i t y  of the  gel was marked ly  reduced 
by 0 .01-01m AI(I I I ) ,  Ca(II)  and Mg(II) .  Hydroquinone ,  
resorcinol,  and ha lgena ted  monophenols  also inhibi ted 
pyrogal lo l  ox ida t ion  on the  gel. Methylene  blue which is 
s t rongly  adsorbed by  silicagel also seemed inhibi tory  
whereas  eosin which has  l i t t le  a f f in i ty  for silicagel also 
failed to  suppress  its ca ta ly t i c  ac t iv i ty .  

Discussion. The  exper iments  which have  been described 
demons t r a t e  t he  siticagel ac t i va t ed  ox ida t ion  of o-diphe- 
nols. Accordingly ,  t h e y  provide  ev idence  for the  format ion  
of complexes  be tween  silicagel and these  phenols,  as do 
ear l ier  inves t iga t ions  ci ted.  

The  impor tance  of hydroge l  s t ruc ture  and surface 
charge,  in cata lys is  are  ind ica ted  by  hea t  inact iva t ion ,  t he  
i nac t i v i t y  of r -qua r t z ,  and  the  inh ib i to ry  effects of ca- 
t ions.  Phenol ic  inhibi tors  suggest  t h a t  hydrogen bonding  
m a y  also be one of the  s ignif icant  in teract ions  be tween 
subs t ra te  and ca ta lys t .  

The  specif ici ty of silieagel ac t iva t ion  (as d is t inct  f rom 
adsorp t ion  alone) for o-diphenols parallels the  si l icate- 
coord ina t ing  proper t ies  of these  compounds.  I n  bo th  sys- 
t ems  catechol,  pyrogal lo l  and gallic acid were act ive,  
whereas  phenol ,  hydroqu inone ,  and resorcinol were not.  
A l though  some inorganic  mater ia l  is carried into solut ion 
the  condi t ions  descr ibed in th i s ' repor t  c lear ly  do no t  favor  
comple te  or  ex tens ive  s i l icon-oxygen bond scission. Neve r -  
theless i t  is l ikely t h a t  catalysis  involves  the  coord ina t ion  
of o-diphenols a t  the  silicagel surface. The  ox ida t ion  pro-  
ducts  are in pa r t  f i rmly  adsorbed on the gel, b u t  are re- 
leased by  acid, perhaps  by  decomposi t ion of surface com- 
plexes.  

These  findings suppor t  the  phenol-minera l  in terac t ions  
and minera l -ca ta lyzed  phenol  oxidat ions  7, which have  
been proposed as factors in the  format ion of humic  sub- 
s tances  in soil. 

S. M. SXE~EL 

Union Carbide Research Institute, While Plains (N. Y.), 
May  30, ~960. 

Zusamrnen/ass~ng 

Die Oxyda t ion  yon  Pyrogat lol ,  Brenzkatechin ,  Gatlus- 
s~ure und  D o p a  wird yon  Silikagel, n icht  jedocb yon fl- 
Quarz,  katatysier t .  Diese Ka ta lyse  erfolgt  n icht  nur  in 
Vc'asser, sondern auch in w~sserigem Alkohol  und Chloro- 
form. Dabei  scheinen die e l ek t ronega t iven  Oberfl / ichen 
des Silikagels yon Bedeu tung  zu sein. Mg"-, Ca ~÷ und A13+ 
sowie verschiedene Phenole,  die keine o -Dihydroxygrup-  
p ie rung  besitzen,  h e m m e n  die ka ta ly t i sche  Oxydat ion .  

Von  den gepri i f ten Phenolen  sind nur  bei o-Diphenolen 
K o m p l e x b i l d u n g  mi t  Si 4+ und ka ta ly t i sche  O x y d a t i o n  
du tch  Silikagel festzustellen.  

Die ]3edeutung von  Pheno l -Minera l -Komplexen  bei der  
Bi ldung yon Humuss to f fen  wird durch  die vor l iegenden 
Un te r suchungen  gestt i tzt .  

A Differential Staining Reaction 
Demonstrat ing  Reciprocal Activity 

in Mauthner's  Cells 1 

In  an  a t t e m p t  to  re la te  the  s t ruc tu re  of the  neuron  wi th  
i ts  funct ion,  ex tens ive  neurohis tological  and neurophysio-  
logical s tudies  are being made  on the  b i la tera l ly  represent-  
ed Mau thne r ' s  cells which  lie in the  floor of t he  medul la  
ob longa ta  of teteosts. I t  was proposed  2, 3, t h a t  these 2 cells 

funct ion  as rec iproca t ing  uni ts  so t h a t  while one cell is 
ac t ive ly  exci ted  the  o ther  is ac t ive ly  inhibi ted.  This  func- 
t iona l  re la t ionship  fulfills the  r equ i rements  of a sys tem 
d e m o n s t r a t i n g  reciprocal  inhibi t ion of mo to r  neurons  by  
the  sensory  afferents.  

I t was also noted  2 t h a t  in some histological  p repara t ions  
of t he  Man thne r ' s  cells of the  bu l lhead  there  was a differ-  
en t ia l  s ta in ing  of  the  var ious  par ts  of these neurons  (den- 
dri tes ,  cell body,  and axon hil lock region). I t  was suggested 
t h a t  th is  s ta in ing  react ion migh t  be ind ica t ive  of specific 
in t race l lu la r  changes  charac ter iz ing  neurona l  exc i t a t ion  
as well  as  inhibi t ion.  

This  repor t  is concerned  wi th  a fur ther  a t t e m p t  to de- 
t e rmine  the  effects of control led  s t imula t ion  of  the  
V I I I  TM nerve  afferents  on the  s ta ining reac t ion  of the  
pa i red  Mauthne r ' s  cells of the  bul lhead.  

Materials and Methods. Fif teen  bul lheads  (10 experi-  
m e n t a l  and 5 controls)  were used. U n d e r , h y p o t h e r m i c  
anesthesia ,  c r a n i o t o m y  exposed the  V I I I  th ne rve  roots  
and faci l i ta ted rap id  r emova l  of the  bra in  for processing 
by  f reeze-dehydrat ion .  I n  the  expe r imen ta l  fish the  enter -  
ing roots  of the  V I I I  th ne rve  were s t imula ted  a t  threshold 
level  (1 see a t  10/sec). This  was done on the  r igh t  side of 5 
fish and on the  left  side of the  o the r  5. The  bra in  was re- 
m o v e d  immed ia t e ly  and processed. The  same procedure  
was followed on the  5 control  specimens excep t  t h a t  no 
s t imulus  was appl ied to the  nerve  roots.  

Tissues frozen in I sopen tane  ( -  100°C) are dehyd ra t ed  
for 7 h in v a c u u m  appara tus  a t  pressure of no t  more t h a n  
1.0 Vt and t empe ra tu r e  - 4 0 ° C .  Dehyd ra t ed  t issues em- 
bedded  in paraff in  are sect ioned serial ly and moun ted  on 
glass slides. S ta in ing  is s imilar  to the  classical Bodian  pro-  
t a rgo l  t echn ique  4 excep t  reduc t ion  is carr ied ou t  using 
the  PEARSON-O'NEILL si lver  gelat in  s. Deparaf f in ized  sec- 
tions, a f t e r  h y d r a t i o n  in 3 changes disti l led water ,  2 min  
each, are  placed in freshly prepared  0.5% aqueous  pro-  
largo!  wi th  a 2 × 2 inch copper  plate  in the  glass container .  
I ncuba t e  in 37°C oven  18-24 h. Wash  10 rain in runn ing  
water ,  2 changes  of dist i l led water ,  5 rain each, and one 
change  of buffered e wa te r  for 2 min.  Reduce  in s i lver  
ge l a t i n :  m ix tu r e  for 30 sec. Wash  in 4 changes  of disti l led 
water ,  5 rain each. Tone in 0-2% gold chloride 2 rain. 
W a s h  in 2 changes disti l led water ,  5 min  each. Place  in 
2% oxal ic  acid for 15 sec, wash in 2 changes dist i l led water ,  
5 rain each, and f inal ly t r e a t  in 5% sod ium thiosulfate ,  
2 changes,  5 rain each.  W a s h  in runn ing  wa te r  for 5 rain, 
dehydra t e  and cover .  

Results. The typ ica l  s ta ining react ion of the Mau thne r ' s  
cell on the  same  side as the  appl ied  V I I I  TM nerve  s t imulus  
is charac te r ized  by  dendr i tes  and per ikaryon  which are  
colored a deep purple  while the  axon hil lock and the  proxi-  
mal  pa r t  of the  axon  is an  a lmos t  t r ans lucen t  l avende r  
(Fig. 1). I n  contras t ,  the  Mau thne r ' s  cell con t ra la te ra l  to 
the  appl ied s t imulus  stains in a reverse  m a n n e r  wi th  t he  
dendr i tes  and cell body  colored l avender  and the  axonal  

1 Supported in part by the NIH Grants MY-3~o71 and H-3084. 
2 E. RETZLAFF, J. comp. Neur. 101, .t07 (195.t). 
n E. R'ETZLaFF, J. comp. Neut. 107, 209 (1957). 
4 D. BomxrL J. comp. Neur. ~8, 117 (t937). 
5 A. PEARSON and S. L. O'Nz~LL, Anat. Rec. 95, 297 (1946), 
n Buffered water is prepared as follows: 17 ml of 5 31 acetic acid 

(12 ml to 1000 ml distilled water) added to 8 ml of sodium acetate 
(16 g to 1000 ml distilled water). Buffered water prepared by adding 
14 ml of stock buffer to 1000 ml distilled water. The pH is approxi- 
mately 4.1. 

7 The silver gelatiu reducing solution, using buffered water, is 
prepared as follows: (1) 400 ml 3% gelatin heated to 70°C; (2) 100 ml 
2% AgNOa; (3) 40 ml 1% hydroquinone. Stir (~) and (3) together 
and add to (t) immediately before reducing sections. 


