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18 Sumnary: A method i s  described f o r  the preparation of [ 01-hydrogen 

peroxide i n  an aqueous solvent of natural isotopic abundance t h r o u g h  

the autoxidation of 2-ethyl anthrahydroquinol w i t h  gaseous I8O2. 
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1. Introduction: 

Isotopic labeling of hydrogen peroxide i s  important f o r  the 

investigation of peroxide reaction mechanisms. 

hydrogen peroxide i n  aqueous solution is frequently used in the study 

of the ca ta ly t ic  peroxide decomposition mechanisms of various enzymes 

(1-5). A number of syntheses ex i s t  which can be used f o r  the 

preparation of isotopically labeled H202 (6-10). Unfortunately, many 

of these methods a l so  allow fo r  the production or  presence of labeled 

water. Most of the methods which remain are e i the r  somewhat d i f f i c u l t  

t o  perform o r  have relatively low yields.  

Isotopically labeled 

Production of hydrogen peroxide by the autoxidation of 2-ethyl 

anthrahydroquinol i s  a c o m n  industrial  procedure (11). We have 

modified this reaction f o r  the production of small quantit ies of 

aqueous H21802 needed f o r  enzymatic studies,  minimizing contamination 

from organic substances. The experimental procedure f o r  t h i s  reaction 
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described here i s  easy t o  per form w i t h  o rd ina ry  l abo ra to ry  equipment 

and r e a d i l y  a v a i l a b l e  gaseous 1802. 

H2 02¶  t h e  procedure a l s o  a f f o r d s  the  p repara t i on  o f  2H21602 and 

2H21802 w i t h  the  s u b s t i t u t i o n  o f  molecular deuterium f o r  t he  molecular 

hydrogen. Using 99% pure 1802¶ mass spec t ra l  ana lys i s  showed the  

hydrogen peroxide produced t o  be over 95% doubly l abe l l ed .  

I n  a d d i t i o n  t o  t h e  p repara t i on  o f  

18 

2. Ma te r ia l s  

The 2-ethylanthraquinone ( A l d r i c h  Chemical Co., Milwaukee, Wisc.) 

was r e c r y s t a l l i z e d  tw ice  from b o i l i n g  a c e t i c  ac id ,  washed w i t h  c o l d  

ethanol and d r i e d  i n  a vacuum over  phosphorous pentoxide (F isher  

S c i e n t i f i c  Co., Fair lawn, NJ). The so lvent ,  1-decanol ( A l d r i c h ) ,  was 

vacuum d i s t i l l e d  th ree  t imes through a 22 cm column packed wi th g lass 

beads. The 5% pal lad ium on alumina c a t a l y s t  was a l s o  obta ined from 

A ld r i ch .  99% p u r i t y  l 8 O 2 *  i n  a 250 m l  g lass b o t t l e  w i t h  a s ide  arm 

and breakable g lass seal was obta ined from S toh le r  Isotope Chemicals 

(Waltham, Mass.). The pal lad ium and 1802 were bo th  used as received. 

3. Experimental 

A 6% s o l u t i o n  (w /w)  o f  2-ethylanthraquinone (4.2 g, 1.77 x lo-' 
M) i n  1-decanol (84 m l ) ,  w i t h  a c a t a l y t i c  amount o f  5% pal lad ium on 

alumina, was hydrogenated ove rn igh t  (approximately 12 hours) i n  a 

c a t a l y t i c  hydrogenation apparatus (Parr  Corp., Moline, I11 .) a t  room 

temperature under a hydrogen pressure o f  2 atm. The r e a c t i o n  b o t t l e  

was then placed i n  a n i t rogen  purged g love bag. 
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The f o l l o w i n g  operat ions were performed w i t h i n  the  g love bag. 

The r e a c t i o n  b o t t l e  was opened and the  r e a c t i o n  m ix tu re  f i l t e r e d  

through a f r i t t e d  g lass funnel (medium p o r o s i t y )  t o  remove the  

pal ladium. 

( f l uo rescen t  yel low-green) was q u i c k l y  poured i n t o  t h e  au tox ida t i on  

vessel. The au tox ida t i on  vessel cons is ted o f  an Erlenmeyer f l a s k  w i t h  

t h e  1802 b o t t l e  a t tached by a g lass seal v i a  the  b o t t l e  s ide  arm. The 

mouth o f  t h e  Erlenmeyer was c losed w i t h  a rubber septum and t h e  

con ta ine r  was f l ushed  w i t h  N2 us ing  two hypodermic needles i n s e r t e d  i n  

t h e  rubber septum. One hypodermic needle was the  N2 i n l e t .  The o the r  

hypodermic needle was t h e  o u t l e t  and was unattached. The vessel was 

kept  s l i g h t l y  pressur ized by removing t h e  o u t l e t  needle a few seconds 

be fo re  t h e  i n l e t  needle. The seal on t h e  1802 con ta ine r  was then 

broken us ing a g lass encased metal bar  (magnetized) placed p rev ious l y  

i n  t h e  au tox ida t i on  vessel, 

s t i r r i n g  and took approximately 60 minutes a t  room temperature 

proceeding through a brown in termediate.  

The r e s u l t i n g  s o l u t i o n  o f  2-ethy l  anthrahydroquinol 

The au tox ida t i on  was accomplished by 

Once the  r e a c t i o n  m ix tu re  re tu rned  t o  t h e  b r i g h t  y e l l o w  c o l o r  o f  

2-ethylanthraquinone i n  so lu t i on ,  t h e  m ix tu re  was removed f rom the  

glove bag and t r a n s f e r r e d  t o  a separatory funnel. The hydrogen 

perox ide was ex t rac ted  f rom t h e  decanol w i t h  f o u r  equal volumes o f  

c h i l l e d  (4°C) h igh  p u r i t y  de ion ized water ( 5  m l ) .  

t h e  water used i n  t h e  e x t r a c t i o n  was r e t a i n e d  by t h e  r e a c t i o n  m ix tu re  

which agrees w i t h  e a r l i e r  observat ions (12). 

Approximately 8% of 

Unreacted 2-ethy l  anthrahydroquinol cou ld  r e s u l t  i n  t h e  format ion 

of hydrogen peroxide of n a t u r a l  i s o t o p i c  abundance when t h e  r e a c t i o n  

vessel i s  opened t o  t h e  ex te rna l  atmosphere. 

unreacted 2-ethy l  anthrahydroquinol remained a f t e r  t he  au tox ida t i on  

procedure, t he  q u a n t i t y  o f  t h e  r e a c t i o n  m ix tu re  was adjusted assuming 

an 80% y i e l d  based on t h e  a v a i l a b l e  1802 (1.02 x 10” moles). 

To ensure t h a t  no 
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T i t r a t i o n  o f  t h e  HZl8O2 produced w i t h  0.01 N permanganate showed 

a 90% y i e l d  (7.3 x 

o f  1.26 x 10-1 moles H21802/ l i ter  (8) and an o v e r a l l  y i e l d  o f  72% 

based on the  1802 ava i l ab le .  Mass spec t ra l  ana lys i s  (aga ins t  a 0.30 M 

Hp O2 standard) showed the  atom percent  o f  l6O i n  H202 t o  be l e s s  

than 5 percent. 

contaminating organic  compounds. 

d i l u t e d  f o r  use i n  enzymatic s tud ies,  however concentrat ion can be 

performed by low pressure f r a c t i o n a t i o n  (13). 

peroxide do n o t  r e a d i l y  exchange w i t h  t h e  oxygen atoms o f  water. 

samples s tored a t  4 "C  maintained t h e i r  i s o t o p i c  p u r i t y  a t  l e a s t  f o r  

several weeks. 

moles i n  18.3 m l )  based on a t h e o r e t i c a l  y i e l d  

16 

The mass spec t ra l  ana lys i s  a l s o  showed no 

I n  ou r  l a b o r a t o r y  t h e  samples were 

The oxygens i n  hydrogen 

Our 
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