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Photooxidat ion,  reduction of the ferric ion-g lucose  complex  
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Summary. Ferr ic  ions in an acid solut ion of glucose are reduced  by  i r radia t ion  wi th  l ight  of wave leng ths  less t h a n  
400 rim. The act ion spec t rum for th is  react ion and  the  ox ida t ion  p roduc t s  of glucose have  been de te rmined .  

In  addi t ion  to  the i r  intr insic  in teres t ,  t he  pho toox ida t ions  
and  reduc t ions  of me ta l  ion complexes  have  recent ly  
received a t t en t i on  as a possible means  of ut i l izing solar 
energy  1. However ,  f r equen t ly  in these  complexes,  pho to -  
ox ida t ion  or reduc t ion  of the  meta l  ion only occurs a t  
shor t  wave leng ths  no t  p re sen t  in s ignif icant  a m o u n t s  in 
the  solar spec t rum  on ea r th  ~-5. 
I t  has  been  r epo r t ed  t h a t  ferric ions are chela ted  by  
sugars 6-8 and  absorp t ion  spec t ra  of these  complexes  
d isplay  m a x i m a  a t  abou t  350 nm.  In  addi t ion,  it  is known  
t h a t  in a 1 : 1 ferric ion-glucose complex  in acid aqueous  
solut ion ferric ions are t he rma l ly  reduced  s Complexes  in 

Table 1. Chromatography data of DNPH derivatives of products of 
glucose oxidation 

R glyoxal 
a b c d 

1.05 1.14 1 1.05 
1 1 0.90 1 
0.89 0.83 0.84 0.89 
0.78 0.66 0.77 0.76 
0.61 0.52 0.60 0.50 
0.45 0.44 0.55 - 
0.31 0.38 0.51 - 
0.23 0.26 0.34 0.20 
0.13 0.12 0.24 0.08 
0.04 - 0.14 0.00 

Solvent systems used: a) benzene/tetrahydrofuran (80:20); b) 
benzene/tetrahydrofuran (93:7); c) toluene/ethyl acetate (1:1); 
d) benzene/tetrahydrofuran (80:20), from thermal oxidation s. 
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a Absorption spectrum of the ferric ion-glucose complex, b Action 
spectrum for ferric ion and glucose minus action spectrum for ferric 
ion alone. 

which  the  me ta l  ion undergoes  a t h e r m a l  reduc t ion  also 
f requen t ly  display p h o t o o x i d a t i o n  reduc t ions  when  ex- 
c i ted b y  l ight  in an appropr ia te  charge t rans fe r  b a n d  4. 
I t  was therefore  of in te res t  to  see if the  ferric ion-glucose 
complex  displays any  pho to reac t ion  a t  wave leng ths  
grea ter  t h a n  abou t  300 rim. 
Material and methods. Fe(C104) a �9 6 H~O (990/0 min. assay) 
was ob ta ined  f rom P.C.R.  Inc.  Other  solvents  and  rea- 
gents  were A R  grade .  The difference in absorp t ion  
spec t rum be tween  aqueous  solutions of 2 X 10 -4 3I ferric 
perch lora te  and  2 • 10 -4 M ferric perch lora te  plus 0.2 M 
glucose acidified to  p H  2 wi th  perchlor ic  acid was de ter -  
mined  wi th  a Beckman  Acta  CV Spec t ropho tomete r .  
Acidified and  d e o x y g e n a t e d  solutions of 2 X 10-!  M ferric 
perch lora te  plus 0.2 M glucose were pho to lyzed  wi th  a 
200 W H B O  super  h igh pressure  mercury  arc t h ro u g h  a 
Bausch  and L o m b  m o n o c h r o m a t o r  (bandpass  10 nm). 
The concen t ra t ion  of t he  ferric ion remain ing  at  d i f ferent  
s tages of the  i r radia t ion  was de t e rmined  by  the  absorp-  
t ion of the  ferric t h iocyana t e  complex  formed following 
the  add i t ion  of a m m o n i u m  th iocyana te  to a l iquots  of the  
pho to lyzed  sample.  The ra te  of decrease of ferric ion 
concen t ra t ion  was first  order  and the  ra te  cons tan ts ,  ka, 
a t  wave leng ths  of 298 rim, 312 nm,  333 rim, 365 n m  and 
405 n m  were measured.  The re la t ive  l ight  in t ens i ty  
inc ident  on the  solut ions a t  each wave leng th  were mea-  
sured wi th  a Hilger v acu u m thermopi le  and f rom these  
the  re la t ive n u m b e r  of quanta / sec ,  Qa, were obta ined.  
The glucose ox ida t ion  p roduc t s  resul t ing f rom exposure  
of an aqueous  solut ion of 10 4 M ferric perch lora te  and  
0.2 M glucose a t  p H  2 to sunl ight  behind  pyrex  glass 
(wavelengths  > 320 nm) were de t e rmined  b y  chromatog-  
r a p h y  of the i r  2 ,4 -d in i t ropheny lhydraz ine  der ivat ives .  
These were p repa red  b y  adding  a s a tu ra t ed  solut ion of 
2, 4 -d in i t ropbenylhydraz ine  (DNPH)  in hydrochlor ic  acid 
to  the  reac t ion  mi x t u r e  and s t and ing  cold for 1 h. 
(Glucose does no t  form a der iva t ive  under  these  condi-  
tions.) 
Results and discussion. The absorp t ion  spec t rum of the  
ferric ion-glucose complex  obta ined  by  sub t rac t ing  the  
spec t rum of a 2 X 10 -4 M ferric perch lora te  solut ion from 
the  spec t rum of a 2 • 10 -4 M ferric perch lora te  plus 0.2 M 
glucose solut ion is shown in figure 1, a. The action spec t ra  
(k~/Q~ p lo t t ed  agains t  ~) for the  deoxygena t ed  2 x 10 -~ M 
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ferric perch lora te  solut ion and  the  0.2 M glucose plus 
2 • 10 .4 M ferric pe rch lo ra te  solut ion were de te rmined .  
F r o m  these  the  'd i f ference '  ac t ion  spec t rum was ob ta ined  
and  is shown in the  figure, b. 
The 'd i f ference '  ac t ion spec t rum and  the  absorp t ion  
spec t rum of the  complex  are similar, suggest ing t h a t  
exc i ta t ion  of a charge- t rans fe r  band  of the  ferric ion- 
glucose complex  is responsible  for the  reduc t ion  of the  
ferric ion. 
We observe t h a t  th is  r educ t ion  can be induced by  l ight  a t  
wave leng ths  p re sen t  in the  solar spec t rum on ea r th  and  
a l though  glucose is oxidized in the  process  i t  can  be 
replaced cheaply.  I t  is therefore  possible to  envisage a 
pho tochemica l  fuel cell based  on the  ferric ion-glucose 
complex  mak ing  use of l ight  a t  wave leng ths  < 400 rim. 
Table 1 shows the  ch roma tograph ic  proper t ies  of the  
2, 4 -d in i t ropheny lhydraz ine  der iva t ives  of glucose pho to -  
ox ida t ion  while tab le  2 gives some l i te ra ture  values  9,10. 

Table 2. Literature values for Rglyox~l of DNPH derivatives 

Compound Solvent systems* 
a a b 9 c10 

Glyoxal 1 1 1 
Pyruvaldehyde 1.05 1.17 - 
Hydroxypyruvaldehyde 0.87 0.5 0.92 
Glycolaldehyde 0.32, 0.45 0.14, 0.26 0.48 
5(hydroxymethyl)furfural 0.45, 0.48 0.18, 0.27 0.60 
Erythrose 0.81 0.39 - 
Mesoxaldehyde - 0.64, 0.43 - 
Glyceraldehyde 0.09 -- - 
Dihydroxyacetone 0.15 - 0.31 
D-glucosone 0.05 - 0.13 

* Solvent systems as in table 1. 

All values are re la t ive  to  glyoxal.  For  compar ison ,  the  
ch roma tog raph ic  da t a  f rom the  t h e r m a l  ox ida t ion  of 
glucose wi th  ferric perch lora te  s is given in the  4 th  co lumn 
of tab le  1. 
A p a r t  f rom the  compound ,  Rg = 0.50, all of the  p roduc t s  
obse rved  in t he  t h e rma l  ox ida t ion  appear  in the  pho to -  
chemical  oxidat ion,  wi th in  the  expe r imen ta l  errors of the  
c h r o m a t o g r a p h y .  There  are also t races  of 3 compounds  
no t  observed  in the  t h e r m a l  oxidat ion.  
Based  on th is  ch roma tog raph ic  data ,  t he  presence  of the  
following compounds  can be reasonab ly  inferred.  (Ex- 
pe r imen ta l  ch ro ma t o g rap h i c  Rg values  f rom tab le  1 are 
given in parenthesis . )  

Glyoxal (a = 1, b = 1, c = 1) 
Glycolaldehyde (a = 0.31, 0.45, b = 0.12, 0.26, c = 0.5) 
Glucosone (a = 0.04, c = 0.14) 
Erythrose (a = 0.78, b = 0.38) 
Pyruvaldehyde (a = 1.05, b = 1.14, c = 1) 
Hydroxypyruvaldehyde (a = 0.89, b = 0.52, c = 0.90) 

The pr incipal  p roduc t s  are glyoxal,  p y r u v a l d e h y d e  and 
h y d r o x y p y r u v a l d e h y d e .  The m e t h o d  of isolat ing p roduc t s  
does no t  de t ec t  any  nonke ton ic  compounds ,  b u t  as the  
t o t a l  yield of p roduc t s  was in the  order  of a few mg, in the  
presence  of vas t  excesses of glucose (necessary to  ensure 
t h a t  t he  ferric ions are fully complexed)  no o ther  m e t h o d  
appeared  pract ical .  
The D N P H  der iva t ives  of glucosone, glyoxal,  e ry throse ,  
p y r u v a l d e h y d e  and h y d r o x y p y r u v a l d e h y d e  were  all 
clearly isolated f rom the  t h e rma l  ox ida t ion  s and  the i r  
a s s ignment  as p h o t o o x i d a t i o n  p roduc t s  of glucose in th is  
work,  a l though  based  only  on ch roma tog raphy ,  indicates  
t h a t  similar r eac t ion -pa ths  are followed b y  the  t h e rma l  
and  pho tochemica l  oxidat ions .  
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Summary. 2 new d i te rpenes  Eubot r io l  (ent-kaur-16-ene-7a,  15fl, 18triol) (I), and eubol  (ent -kaur-16-ene-7a-acetoxy-  
15fl, 18 diol) ( ! I )  have  been  isolated f rom Sideri t is  euboea Helder .  

Recen t l y  ~ we r epo r t ed  the  isolat ion of 5 te t racycl ic  iso- 
kaurene  d i t e rpenes  f rom the  aerial  p a r t  of Sideri t is  
euboea  Helder  (Labiatae) ,  a species growing in Euboea ,  
(Greece). T h e y  were ident i f ied  wi th  siderol 8, epoxy-  
siderol 4, isolinearol 5, sideridiol 3, s ideroxol  6, which  are 
a l ready  known,  w e  descr ibe now 2 minor  componen t s ,  
eubotr io l  (I) and  eubol  (II), isolated f rom the  same 
ex t r ac t  b y  c h r b m a t o g r a p h y  on silica gel: (II) appea red  
in the  cyclohexane-Et~O 1:1 fraction,  (I) in t he  Et~O- 
A c O E t  1 : 3 f ract ion.  
Eubot r io l  (I) Cg0Ha20 3, m.p.  193-194~ (bright  p r i sms  
f rom AcOEt) ,  gave a nega t ive  TNM tes t ;  I R  (nujol) 3600- 
3350 (OH),  1655 a n d  S97 c m  -1 (C=CH2); M S  7 3O2 
(M-H~O), 287 (M-H~O-CH3), 272 (M-OH-CH~OH) ,  254 
( M - H ~ O - O H - C H , O H ) ,  109 m/e  (ring A, C~HTMe2) ; N M R  
(100 MHz,  pyridine-ds)  0.92 (s, 4cr 1.05 (s, 10e-CHs),  
2.80 (m, 13,r 3.47 and  3.63 (qAn, J 11 Hz, 4fl-CHzOH), 
4.23 (t, ~ 2 Hz,  7c~-H), 4,45 (t, J 1 Hz, 15fl-H), 5.19 and  
5.44 ~ (br s, W1/~ 3 Hz, C=CHe). 

The spec t ra  of eubotr io l  ( typical  of an ent -kaur-16-ene  
skele ton wi th  an  o x y g e n a t e d  func t ion  on C-15) and  the  
phys ica l  cons t an t s  are in p e r f e c t  ag reemen t  w i t h  t hose  
r epo r t ed  for ent-kaur-16-ene-7~,15fl ,  18-triol (I), pre-  
v ious ly  ob ta ined  s, 9 as a b y - p r o d u c t  dur ing  the  par t ia l  
syn thes i s  of s ideri t r iol  s, ano the r  na tu ra l  d i t e rpene  f r o m  
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