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DIFFERENTIAL PULSE VOLTAMMETRIC OXIDATION OF 

POLYINOSINIC ACID AND ITS COMPONENTS

AND

ELECTROCHEMISTRY OF 6 -METHYL-5 , 6 , 7 , 8 -TETRAHYDROPTERIN 

AND 5-METHYL-5, 6 , 7 , 8 -TETRAHYDROPTERIN

PART I

DIFFERENTIAL PULSE VOLTAMMETRIC OXIDATION OF 

POLYINOSINIC ACID AND ITS COMPONENTS

CHAPTER I 

INTRODUCTION

Investiga tions  in to  the chemistry of b iosyn the tic  and n a tu ra l ly  

occurring polynucleotides i s  f a i r l y  widespread. The electrochemical 

oxidation o f  various DNA's and RNA's, as well as poly(G), polyCA), 

and poly(X) have been investiga ted  r e c e n t l y . ^ S t u d i e s  of those 

molecules containing base res idues  not normally encountered in 

n a tu ra l ly  occurring nucleic  acids can give in s ig h t  in to  the s t ru c tu re  

and b io log ical ac tion  o f  the l a t t e r  biopolymers. One o f  the  l e a s t  

studied of the b iosyn the tic  polymers i s  po ly inosin ic  ac id ,  polyCl),



which i s  the sub jec t o f  th i s  work.

Our labora to ry  has s tudied  the electrochemical oxidation of 

a number o f  purine b a s e s , n u c l e o s i d e s a n d  nuc leo tides .  In 

several cases the enzymic oxidation has a lso  been studied  and the
T O  0*1

r e s u l t s  are  the  same as fo r  the  electrochemical oxida tion . The 

log ica l extension o f  th i s  work i s  the study o f  the electrochemical 

oxidation o f  various polynucleotides. I t  i s  known th a t  the s t ru c tu re  

o f  sy n th e t ic  polynucleotides made from t h e i r  corresponding nucleoside-
O p

5 '-d iphosphates are  c lo se ly  re la te d  s t ru c tu r a l ly  to  RNA. Perhaps 

the  study o f  syn the t ic  polynucleotides can give information which 

can be used to  deduce the  t e r t i a r y  s t ru c tu re  and conformation of 

polymers such as DNA and RNA.

The purine base in  poly(I)  i s  hypoxanthine ( I )  whose s t ru c tu re  

is  shown below:

The numbering system fo r  a l l  purine d e r iv a t iv e s  most commonly used today 
23is  a lso  shown in

Inosine ( ;^ )  i s  the  r ibos ide  of hypoxanthine and has the 

s t ru c tu re  with the ribose  moiety a t  the N(9 )-p o s i t io n :

HO OH

I I
M W
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Inos ine-5 ' -monophosphate ( ^ )  (IMP) i s  the nucleo tide  of 

inosine with a phosphate group a t  the 5 '-p o s i t io n :

Q

'N.

N _  ^

y - '
HO OH

I I I
(0 (0(0

pK̂  values fo r  these  species can be seen in Table 1. U.v. spec tra l 

data reported in  the  l i t e r a t u r e  are l i s t e d  in Table 2.

Poly(I) has as i t s  repeating  u n i t  IMP. I t s  t e r t i a r y  s t ru c tu re  

has been the  su b jec t  o f  several in v e s t ig a t io n s  and has not been unequiv­

o ca lly  determined. Rich o r ig in a l ly  proposed a th ree -s t ran d ed ,  r ig h t -

handed h e l ica l  s t ru c tu re  which he deduced from X-ray d i f f r a c t io n
29measurements. Later Thiele and Guschlbauer proposed a fou r-s tranded , 

left-handed h e l ica l  s t ru c tu re  ca lcu la ted  from data obtained with more 

so ph is tica ted  X-ray d i f f r a c t io n  ins trum entation .^  The most recen t 

repo rt  by Arnott e t  a l . supports a fou r-s tranded ,  right-handed h e l ix .

In so lu tion  the  s t ru c tu re  of po ly(I)  is  thought to  be highly 

dependent on a number of parameters including pH, temperature, and 

the ionic  s t ren g th  o f  the so lu tio n .  As the pH increases  from 5.7 to  

1 0 . 2  the sedimentation c o e f f ic ie n t  fo r  po ly (I)  decreases ind ica ting
29th a t  some breakdown o f the organized h e l ica l  s t ru c tu re  takes place. 

However, i f  the  ion ic  s treng th  of a so lu tio n  contain ing po ly(I)  inc reases ,



Table 1

pL  Values

Compound P'a Position
i n mol ecul e .

Reference

Hypoxanthine 1.98
8.94

1 2 . 1 0

=0 "̂ H
N(l)

24

Inosine 1 . 2

8.75
12.33

=0 "̂ H
N(l)
sugar group

25

Inosine-5'-mono­
phosphate 1.54

6.04

8 . 8 8

1 2 . 2

o_
primary PO4 '  group 

secondary PO4 " group 

N(l)
sugar group

25

Poly(I) 10.24

Table 2

27

U.v. Spectral Data fo r  Hypoxanthine and I t s  Derivatives

Compound pH
. ^max Reference

Hypoxanthine 1

1 1

248
258

1 0 . 8

1 1 . 0

26

Inosine 3
1 2

248
253

1 2 . 2

13.1
26

Inosine-5 
monophosphate

2

1 1

249
254

11.7
12.3

26

Poly(I) 7 247 7.6 28
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the concentration o f  the organized form inc reases .  Below an ionic

s treng th  of 0.006 M in NaCl and between 3-20®C i t  i s  considered

to e x i s t  as a s in g le -s tran d ed ,  poorly stacked h e l ix .^  Above an ionic

s treng th  of 0 .7 -0 . 8  M i t  is  probably p resent la rg e ly  in the c lose ly

7 29packed, organized h e l ica l  s t ru c tu re .  ’ Since poly(I)  can assume 

several protonation s ta t e s  i t  ex h ib its  melting curves showing a t  l e a s t
7

two s teps .

E a r l ie r  in v e s t ig a t io n s  o f  polyriboxanthylic  acid revealed

th a t  commercial samples are  often  contaminated with t rac es  o f  xanthine
5 31and xanthosine-5'-monophosphate. ’ Accordingly with the study of 

the  basic electrochemical p roperties  o f  po ly(I)  and i t s  c o n s t i tu e n ts ,  

i . e . ,  hypoxanthine, inos ine ,  and IMP, i t  was f e l t  an e le c tro a n a ly t ic a l  

method fo r  determining th e i r  presence in po ly(I)  samples in t rac e  

q u a n t i t ie s  could be u se fu l .  Studies of the chemical and bio logical 

p ropert ies  may be a f fec ted  by contamination with the  purine bases 

and t h e i r  d e r iv a tiv e s  thus demonstrating the importance of a quick 

a n a ly t ic a l  method. U.v. spectroscopy i s  not very useful because the 

peak maxima fo r  hypoxanthine and poly(I)  a t  pH 7.0 are  249.5 nm and 

247 nm, re sp ec t iv e ly .



CHAPTER II 

RESULTS AND DISCUSSION 

D iffe ren t ia l  Pulse Voltairmetry

D if fe re n t ia l  pulse voltanmetry a t  a s ta t io n a ry  py ro ly tic  

g raph ite  microelectrode (PGE) was used almost exc lusive ly  throughout 

th i s  in v e s t ig a t io n .  D if fe ren t ia l  pulse voltammetry u t i l i z e s  the same 

type of instrum entation as d i f f e r e n t ia l  pulse polarography except 

fo r  the s u b s t i tu t io n  o f  a s ta t io n a ry  s o l id  e lec trode  fo r  the  dropping 

mercury e lec trode  (DME).

D if fe ren t ia l  pulse techniques a re  more s e n s i t iv e  than l in e a r

sweep voltammetry because they can d iscrim inate  a g a in s t  capacit ive
9c u rre n t ,  the  cu rren t  which charges the e l e c t r i c a l  double la y e r .  A 

l in e a r  voltage ramp changing a t  the r a te  o f  3-5 mV s"^ i s  applied 

to  the e lec trode  j u s t  as in l in e a r  sweep voltammetry, except th a t  a 

square wave pulse o f  sho rt  duration i s  imposed on i t  a t  periodic 

in t e rv a l s .  This pu lse ,  u sually  having an amplitude o f  5-100 mV, i s  

applied near the end o f  the drop l i f e t im e  (when a DME is  used) and 

has a duration o f  ca .̂ 60 ms. For the  Princeton Applied Research 174A 

Polarographic Analyzer the pulse duration i s  57 ms and cu rren t  sampling 

occurs during the 17 ms immediately p r io r  to  i n i t i a t i o n  of the voltage 

pulse and 17 ms p r io r  to  term ination of the  pulse (Figure lA).

6
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Figure 1. (A) Excita tion p o te n t ia l  waveform fo r  d i f f e r e n t i a l  pulse
polarography. The values fo r  the cu rren t  sampling time and 
pulse time are  fo r  the PAR 174A Polarographic Analyzer.
(B) Behavior of c u r ren t  as a function o f  time before and 
a f t e r  i n i t i a t i o n  of pulse a t  a po ten tia l  where a fa rada ic  
reac tion  can occur. Note: pulse time has been exaggerated 
fo r  c l a r i t y .
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The cu rren t  v ^ . time r e la t io n s h ip  fo r  a s in g le  pulse is  shown

in Figure IB. At the  fo o t  of a DC polarographic wave when no fa rada ic

reac tio n  i s  occurring, ig - i^  i s  about zero , where i^ i s  the  c u rren t

measured in the sampling period immediately p r io r  to  the  pulse and ig

is  the cu rren t measured during the sampling period a t  the end o f  the 

pu lse . I n i t i a t i o n  o f  the  voltage pulse does not cause any fa rad a ic  

cu r ren t  to  occur and the add itional cap ac it iv e  cu rren t  caused by the 

pulse decays very r a p id ly ,  e f f e c t iv e ly  approaching ze ro , th e re fo re  

i^ai^eO and ig-i-j^O. As the  po ten tia l  approaches the value where a

fa rad a ic  process occurs, i . e . ,  the  r i s in g  portion  o f  a DC polarogram,

the  voltage pulse can cause add itional fa rada ic  cu rren t  which decays 

in  a C o t t r e l l ia n  manner. However the  c u rren t  measured a t  the  end of 

the  voltage pu lse ,  ig ,  i s  s t i l l  la rg e r  than i-j, which i s  the  cu rren t  

measured during the  sampling period p r io r  to  the pulse. Therefore i^ -i^  

now has a f i n i t e  value which i s  d i r e c t ly  proportional to  the  fa rad a ic  

c u r re n t .  This is  the  measured q uan t ity  which i s  observed on the recorder.  

As the  po ten tia l  continues to  increase  to  the poin t where i t  i s  on 

the  p la teau  o f  the DC polarographic wave, the voltage pulse does not 

cause a s ig n i f i c a n t  increase  in  the fa rada ic  process and consequently 

ig-i"! again approximates zero.

Thus a d i f f e r e n t i a l  pulse polarogram or voltammogram has the

appearance of a peak ra th e r  than a wave (.Figure 2). The peak p o te n t ia l ,

E , of a d i f f e r e n t i a l  pulse voltarranogram should correspond appro:(i- 
P

mately with the  half-wave p o te n t ia l ,  a DC polarographic wave.

This follows from the f a c t  th a t  ig-i-j reaches a maximum a t  E  ̂ which 

should be the  poin t on a DC polarographic wave where the c u rren t  i s
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Figure 2. Typical d i f f e r e n t ia l  pulse polarogram.
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changing the quickest.  That po in t should be close to ,  but not necessari ly  

equal to ,  the half-wave p o te n t ia l .

D if fe ren t ia l  pulse voltammetry was used in th i s  inves t iga t ion  

because i t  has a considerably g rea te r  s e n s i t i v i ty  than l in e a r  sweep 

voltammetry. Yao e t  a l have reported on the e lec troox ida tion  of 

DNA using l in e a r  sweep voltanmetry, but d i f f e r e n t ia l  pulse voltammetry
1 c

seems to  give more well defined peaks fo r  polynucleotides. ’ Before 

an attempt was made to  de tec t  or determine hypoxanthine, inosine , or 

IMP in the  presence o f  poly(I)  i t  was necessary to  do a d e ta i le d  d i f ­

f e re n t ia l  pulse voltammetric study o f  each component separa te ly .

D if fe ren t ia l  Pulse Voltammetry o f  Hypoxanthine

Background. Hypoxanthine was the  f i r s t  component of poly(I)  

s tudied  in  d e t a i l . L a t e r  Conway e t  a l .^^*^^ studied the e le c t ro ­

chemical oxidation o f  hypoxanthine to  determine the mechanism and 

reac tio n  products. This work contained a study of the dependence of 

the  peak p o ten tia l  on the pH of the so lu tion  determined a t  a py ro ly tic  

g raph ite  e lec trode  (PGE) using l in e a r  sweep voltanmetry.
13The pH dependence o f  the  f i r s t  oxidation peak is  given by:

Ep (pH 2 .5 -7 .5 )  = [1.34-0.056 pH]V 

Ep (pH 8 .5-11 .0) = [1.53-0.064 pH]V

However the  paper which reported th i s  work gives a pH dependence which 

is  s l ig h t ly  d i f f e r e n t  below pH 8 :^^

Ep (pH 2 .5 -ca . 8 ) = [1.30-0.056 pH]V
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Another e a r l i e r  repo rt  has given the pH dependence o f  the 

half-peak po ten tia l  (E^yg) a t  3.3 mV s “  ̂ sweep r a t e ^ ’^^ as

Ep/ 2  (pH 0-5.7) = [1.27-0.067 pH]V

with a hypoxanthine concentration  o f  0.51 mM.

These peak p o te n t ia ls  a re  fo r  the  l in e a r  sweep voltammetry

a t  a sweep r a te  o f  5 mV s"^ and are not the  same as the peak po ten tia l

in d i f f e r e n t i a l  pulse voltammetry. Results were a lso  reported  fo r

the  pH dependence o f  hypoxanthine under d i f f e r e n t i a l  pulse voltammetric
13oxidation conditions and they are :

Ep (pH 2 .0 -8 ,0 )  = [1,38-0,060 pH]V 

Ep (pH 10-12) = [1.62-0.075 pH]V

However, no concentra tion  was reported . Therefore the f i r s t  study on 

hypoxanthine was the  v a r ia t io n  o f  the  d i f f e r e n t i a l  pulse voltammetric 

oxidation peak p o te n tia l  with pH a t  several concen tra tions .

pH s tudy . Hypoxanthine was s tudied  under d i f f e r e n t ia l  pulse 

voltammetric oxidation conditions a t  two d i f f e r e n t  concen tra tions , 

0.005 mg ml"^ (0.037 mM) and 0.5 mg ml'^ (3.68 mM) a t  25®C over the  pH 

range 1.5 to  12. At the  lowest concentration  hypoxanthine shows only 

one oxida tion  peak with a pH dependence o f  (Figure 3A):

Ep (pH 1 .5 -7 .7 )  = [1.40-0.067 pH]V 

Ep (pH 7 .7 -9 .0 )  = 0.88±0.01V 

Ep (pH 9-12) = [1.49-0.067 pH]V
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Figure 3. Peak p o te n t ia l ,  E», pH re la t io n sh ip  fo r  the d i f f e r e n t ia l  
pulse voltammetric oxidation peaks o f  hypoxanthine observed 
in phosphate buffers  o f  ion ic  s tren g th  0.5 M a t  a sweep ra te  
o f  5 mV S“l .  (A) Data obtained a t  a hypoxanthine concen­
t r a t io n  of 37 pM. (B). Data obtained a t  a hypoxanthine con­
cen tra tion  o f  3.68 mM. Peak I ,  •  ; Peak I I ,  ■ .
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These so lu tions  need to  be made up fresh  every day because 

the  hypoxanthine oxidation peak disappears in about a day a t  the 0.037 

mM concen tra tion  le v e l .  However, a t  3.68 mM the d i f f e r e n t ia l  pulse 

voltammetric oxida tion  peak does not appear to  change even a f t e r  several 

days. I t  has been reported  in  the l i t e r a t u r e  th a t  hypoxanthine is  

one o f  the  most s ta b le  o f  the purine bases toward concentrated acid 

o r  a l k a l i . W h e n  a so lu tion  of 0.037 mM hypoxanthine was re f r ig e ra te d  

overn ight i t  was found th a t  the d i f f e r e n t ia l  pulse voltammetric oxida­

t io n  peak did not d isappear. However, s ince  th i s  work was ana ly tica l  

in  n a tu re ,  f re sh  so lu tions  were prepared every day to  remove th i s  

v a r ia b le  as a possib le  source o f  e r ro r .

When the hypoxanthine concentration was increased to  0.50 mg 

ml"^ (3.68 mM) the d i f f e r e n t i a l  pulse voltammetry shows two oxidation 

peaks throughout most o f  the pH range (Figure 4 ) .  The pH dependence 

fo r  these  peaks i s  given by the  following equations and Figure 38:

Peak I (pH 1 .5 -1 .2 ) :  = [1.40-0.060 pH]V

Peak I I  (pH 3 .4 -7 .2 ) :  = [1.59-0.077 pH]V

(pH 7 .2-12): Ep = 1.04+0.02V

Peak I appears to  be an adsorption prepeak o f  the peak II  process in ­

d ic a t in g  th a t  the oxidation product(s) o f  hypoxanthine i s / a r e  adsorbed 

a t  the e lec tro d e  surface .

Concentration study . At any pH the  d i f f e r e n t i a l  pulse voltam­

m etric  ox ida tion  peak o f  hypoxanthine is  well separated from the peak 

fo r  po ly (I)  (almost 0.4V) th e re fo re  pH 7 was chosen fo r  a concentra-
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Figure 4. D if fe re n t ia l  puise voltammograms o f  3.68 mM hypoxanthine in 
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ra te  o f  5 mV s “ l .  (A) pH 4 .94 , (B) pH 7.00, and (C) pH 9.03. 
Axis marker ind ica tes  zero cu rren t .
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t io n  study since th i s  is  c lose  to physiological pH. The peak cu r ren t ,  

ip ,  vs. concentration dependence can y ie ld  information about the 

e lec tron  t r a n s f e r  process, i . e . , whether adsorption i s  occurring and 

to  what ex ten t.  Also fo r  ana ly tica l  purposes a l in e a r  c a l ib ra t io n  

curve of ip concentration i s  d e s irab le .

The peak cu rren t was measured a t  the maximum poin t of the 

d is to r te d  voltansnetric peak since peak I and II  were never completely 

resolved (Figure 4A i l l u s t r a t e s  t h i s ) .  The peak cu rren t  dependence 

is  l in e a r  up to  ça .  0.15 mM (Figure 5B). At higher hypoxanthine 

concentrations the  curve begins to  dev ia te  from l i n e a r i t y  and approaches 

a constan t value a t  ça .  1.0 mM (.Figure 5A). This i s  in d ic a t iv e  of 

an adsorption process since the peak cu rren t only increases to  the 

poin t where the e lec trode  surface is  completely covered with adsorbed 

molecules. Adsorption of hypoxanthine occurs to  g lass  surfaces as 

well and can cause cross contamination o f  t e s t  so lu tions  (see l a t e r  

d iscuss ion) .

D iffe ren t ia l  Pulse Voltammetry o f  Inosine

Inosine i s  the r ibos ide  of hypoxanthine and was the  next com­

ponent of po ly(I)  to  be s tudied  in  d e t a i l .  D if fe ren t ia l  pulse voltam­

metry was done on inosine a t  two concentrations throughout the pH 

range 1-12. At the lower concentration o f  0.05 mg ml'^ (.0.20 mM) 

inosine shows two d i f f e r e n t ia l  pulse voltammetric oxidation peaks with 

peak I being the major peak (Figure 6 B). When the  concentration  of 

inosine is  ra ised  to  0.50 mg ml'^ (2.03 n^) peak II  becomes the 

major peak (Figure 6 A).
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P —

fe re n t ia l  pulse voltam netric  oxidation peak o f  hypoxanthine 

a t  the PGE in pH 7.0 phosphate b u f fe r  with an io n ic  s treng th  

of 0.5 M. Data was obtained a t  a sweep ra te  o f  5 mV s"^ 

and a temperature o f  25°C. (B) Expanded low concentration

region of A,
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Figure 6 . D if fe re n t ia l  puise voltammograms o f  inosine in  pH 1 0 . 9  

phosphate b u f fe r ,  y=0.5 M a t  a sweep r a te  o f  5  mV s-1 .
(A) 2.03 m  inosine  and (B) 0.20 inos ine .  I l l u s t r a t e s  
how the peak cu rren t fo r  peak I was estim ated .
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pH study . The pH dependence was studied to  see i f  a pH could

be determined a t  which the peak po ten tia l  o f  e i th e r  peak I or II

(esp ec ia l ly  peak I) of inosine i s  d i f f e r e n t  enough from poly(I)  th a t  

i t  can be determined in the presence o f  p o ly (I ) .  At the lower con­

cen tra t io n  o f  0.20 mM inosine peak I ex h ib its  a pH dependence of 

(Figure 7A):

Peak I (pH 3-10): = [1.67-0.061 pH]V

(pH 10-12): Ep = [1.47-0.057 pH]V

Peak II  (pH 7.5-12): Ep = [1.84-0.072 pH]V

The pH dependence o f  the peaks a t  a concentration of 2.03 mM

inosine (Figure 78) i s :

Peak I (pH 6 .3 -11 .5 ) :  Ep = [1.73-0.078 pH]V

Peak II  (pH 2 .9 -11 .5 ): Ep = [1.62-0.043 pH]V

At th i s  concentration peak II  appears throughout the pH range s tud ied .

At pH 11 inosine ex h ib its  two reasonably well resolved d i f ­

fe re n t ia l  pulse voltammetric oxidation peaks e sp ec ia l ly  a t  the 0.20 mM 

concentration le v e l .  The f i r s t  oxidation peak occurs a t  0,84V and 

peak II  appears a t  a po ten tia l  o f  1.05V [Figure 6 8 ) .  Peak II  occurs 

a t  almost the  same po ten tia l  as the  s ing le  oxidation peak o f  poly(I)  

(1.03V a t  pH 11), however peak I i s  separated by ca. 190 mV.

Concentration study . Since the peak separation  between 

inosine peak I and the oxidation peak o f  poly(I)  is  g re a te s t  a t  pH 11, 

a peak cu rren t vs. concentration study was done on peaks I and II
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Figure 7. Peak p o te n t ia l ,  Ep, pH re la t io n sh ip  fo r  the d i f f e r e n t ia l  
pulse voltammetric oxidation peaks o f  inosine observed in 
phosphate buffers  o f  io n ic  s treng th  of 0 .5  M a t  a sweep ra te  
o f  5 mV s-1 . (A) Data obtained a t  an inosine  concentration o f
0.20 # .  (B) Data obtained a t  an inosine concentration of 
2.03 irM, Peak I ,  #  ; Peak I I ,  ■  .
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of inosine  a t  pH 11. Peak II exh ib its  an i^  V£. concentra tion  behavior 

which i s  very nearly  l in e a r  throughout the concentration  range studied  

(Figure 8 ).  The maximum concentration studied  was 0.66 mM and the behavior 

observed fo r  peak II i s  in d ica tiv e  o f  a d if fu s io n  co n tro l led  e lec trode  

process. However peak I ex h ib its  a highly v a r iab le  behavior where the 

peak c u rren t  becomes e s s e n t i a l ly  constant above an inosine concentra­

tion  o f  0.1 mM. Figure 6 8  i l l u s t r a t e s  how the peak cu rren t  was estimated 

fo r  peak I .  Behavior where the peak cu rren t  approaches a constan t value 

with increasing  concentra tion  i s  in d ic a t iv e  of an adsorption process.

Thus peak I appears to  be an absorption prepeak of peak I I .  An adsorp­

tio n  prepeak occurs when the  product of the  e lec trode  process i s  more
34s trong ly  adsorbed than the reac tan t .

D if fe ren t ia l  Pulse Voltammetry o f  IMP

pH study . The pH dependence of the d i f f e r e n t ia l  pulse voltam­

metric oxidation peaks o f  IMP i s  d i f f e r e n t  from th a t  o f  hypoxanthine
- 1

or inos ine . At the lowest concentration o f  0.05 mg ml" (0.095 mM) .

IMP ex h ib i ts  only a s in g le  oxidation peak. fo r  th i s  peak varies  

with pH according to  the following equations:

Ep (pH 2 .5 -4 .2 )  = [1.54-0.029 pH]V

Ep (pH 4 .2-7 .1 )  = [1.80-0.090 pH]V

Ep (pH 7 .1 -9 .4 )  = 1.17±0.01V

Ep (pH 9 .4-11.6) -  [1.98-0.087 pH]V

This behavior i s  i l l u s t r a t e d  g raph ica lly  in Figure 9A. The obvious 

breaks in the Ep vs. pH p lo ts  noted in both Figures 9A and B [vide



2 1

<a.

I
!

8 _
PeakIL

PeakI

0.6 0.80.2 0.4

Inosine Concentration/mM

Figure 8 . Peak c u r re n t ,  i p ,  vs.. concentration curves fo r  the d if fe re n ­

t i a l  pulse voltammetric oxidation peaks o f  inosine a t  the 

PGE in pH ILO phosphate b u f fe r ,  p=0.5 M. Data obtained a t  

a sweep ra te  o f  5 mV s ” ^and a temperature of 25°C. Peak I, 

■  -, Peak I I ,  #  .



tuo
w
m
>
in
H

G
>

a
tu

■<

H
Z
tu
Ho
CL

k:
<
tu
CL

2 2

1.6

1.4

1.2

PaakI1.0

0.8
PnkA

1.4

1.2

1.0

0.8

0.6
6 8 10 12

PH

Figure 9. Peak p o te n t i a l ,  Ep, vs. pH re la t io n s h ip  fo r  the d i f f e r e n t ia l  
pulse voltammetric oxidation peaks o f  inosine-5'-monophos­
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0.5 M a t  a sweep r a te  o f  5 mV s " l .  (A) Data obtained a t  an 
IMP concentration o f  0.095 mM. Peak I ,  •  . (B) Data ob­
ta ined  a t  an IMP concentration o f  0.95 mM, Peak 1 , 1 ;  
Peak I I ,  #  ; Peak A, #  .
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i n f r a ) between pH 8  and 9 agree approximately with the pK̂  of IMP of 

8 . 8 8 .^^

A pH study was a lso  done fo r  an IMP so lu tion  with a concen­

t r a t io n  of 0.5 mg ml“  ̂ (0.95 mM). At th is  IMP concentration as many 

as th ree  d i f f e r e n t ia l  pulse voltanmetric oxidation peaks a re  observed.

The most negative o f  these  peaks i s  designated peak A and i s  much sm aller 

than peaks I and I I .  Peak A shows a pH dependence of:

Ep (pH 2 .9-11.6) = [1.20-0.048 pH]V

Peak I i s  observed as an in f le c t io n  on the r is in g  portion o f  oxidation 

peak II  above ça .  pH 6 . The Ep vs. pH behavior is  i l l u s t r a t e d  in 

Figure 98 and i s  given by the  following equations:

Peak I (pH 6 .3 -7 .1 ) :  Ep = [1.71-0.075 pH]V 

(pH 7 .8 -11 .6 ) :  Ep = [1.50-0.047 pH]V

, Peak II  (pH 2 .9 -8 .2 ) :  Ep = [1.65-0.052 pH]V

(pH 8 .2 -11 .6 ) :  Ep = [1.44-0.026 pH]V

The peak equations given above fo r  the pH dependence o f  peak I are  

only approximate because of the f a c t  th a t  peak I occurs as a shoulder 

on the  r is in g  portion o f  peak I I .

Careful examination o f  voltammograms o f  IMP a t  high and low 

concentrations revealed th a t  the s ingle  peak a t  low concentrations 

corresponds to  peak I a t  higher concentra tions . Figure 10 i s  a typ ical

voltammogram of 0.95 mM IMP and i l l u s t r a t e s  the d i f f i c u l ty  of measuring

the peak p o ten tia l  and peak cu rren t for peak I,  As the concentration 

inc reases ,  peak II  c le a r ly  becomes more dominant. Therefore, i t  appears
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Figure 10. D if fe ren t ia l  pulse voltammogram of 0.95 mM IMP in pH 8.45 
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sweep ra te  o f  5 mV s"^ .
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th a t  peak I is  an adsorption prepeak.

Concentration s tudy. The g re a te s t  separa tion  between the 

oxida tion  peaks fo r  po ly(I)  and peak II  of IMP i s  ça .  90 mV a t  pH 7. 

Poly(I) has a peak po ten tia l  o f  1.28V a t  th i s  pH and peak II  o f  IMP 

has a peak po ten tia l  o f  1.19V. Consequently, a d e ta i le d  peak cu rren t 

vs. concentra tion  study o f  IMP was ca rr ied  out a t  pH 7. Peak I was 

so poorly resolved from peak II  th a t  an estim ation  o f  i t s  peak cu rren t 

could not be obta ined. The cu rren t  reported  fo r  peak II  i s  r e a l ly  

a composite o f  peaks I and II  and represents  the  maximum po in t on the 

d is to r te d  voltammogram. The l in e a r  range o f  i^  yç . concentra tion  fo r  

peak I I  extends only  to  about SO pM .(.Figure 11.A.) which i s  a sm alle r  

range than fo r  e i th e r  hypoxanthine o r  inosine . This would in d ica te  

the  p o s s ib i l i ty  th a t  IMP i s  more s trong ly  adsorbed a t  the  PGE than 

the purine base o r  nucleoside. The peak p o te n tia l  fo r  peak II  s h i f t s  

with increasing  concentra tion  from 1.18V a t  low concentra tion  (0.05 mM) 

to  1.32V a t  the h ighest concentra tion  (5.0 mM). The disappearance of 

peak I as the IMP concentration  i s  increased s trong ly  suggests th a t  

i t  i s  an adsorption prepeak.

Peak A, however, va r ie s  from 0.85V to  0.88V over th i s  same 

concentra tion  range and ex h ib i ts  a much g rea te r  l i n e a r  peak cu rren t 

v s . concentra tion  dependence extending to ca .̂ 0.5 mM (Figure 118).

To determine i f  peak A was r e a l ly  an oxidation peak o f  IMP or an impurity, 

a con tro l led  p o te n tia l  e l e c t ro ly s i s  o f  2.0 mM IMP was ca rr ied  out a t  

0.88V fo r  ca. 20 h rs .  All t ra c e s  o f  peak A disappeared upon e le c t r o ­

o x ida tion , but the d i f f e r e n t i a l  pulse voTtammetry shows th a t  peaks
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Figure 11. Peak cu rren t ,  i p ,  concentration curves fo r  the d i f fe re n ­
t i a l  pulse voltammetric oxidation peaks of IMP a t  the PGE 
in pH 7.0 phosphate b u ffe r  of io n ic .s t re n g th  0.5 mM. Data 
obtained a t  a sweep ra te  of 5 mV s '  . (A) Oxidation peak 
I plus II and (B) oxidation peak A.
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I and II  o f  IMP remain unchanged (Figure 12). U.v. spectra  obtained 

before and a f t e r  the e l e c t ro ly s i s  are v i r t u a l l y  iden tica l  ind ica ting  

th a t  no IMP was oxidized during the e le c t ro ly s i s  of the species respon­

s ib le  fo r  peak A. All evidence points to  the f a c t  th a t  peak A i s  not 

an ox ida tion  peak o f  IMP, but i s  in f a c t  a trac e  contaminant which 

i s  e le c t ro a c t iv e .

Id e n t i f ic a t io n  and Q uantita tion  o f  Contaminants

A prime candidate fo r  the  species responsib le  fo r  peak A was 

thought to  be hypoxanthine. Hypoxanthine alone in so lu tion  exh ib its  

an ox ida tion  peak a t  a po ten tia l  as low as 0.92V when the hypoxanthine 

concentra tion  i s  very low (below M . 5 vM). Figure 13A is  a voltammo­

gram o f 0 .5 mM IMP before add ition  of hypoxanthine. To in v es t ig a te  

the p o s s ib i l i ty  of hypoxanthine contamination, a 0.5 mM IMP solu tion  

was spiked with enough hypoxanthine to  give a hypoxanthine concentra­

tio n  o f  ca. 5 liM. This i s  the hypoxanthine concentration which 

shows a comparable peak cu rren t  to  th a t  exhib ited  by peak A. The 

re s u l t in g  voltammogram exh ib ited  two oxidation peaks o f  m . equal 

s ize  with peak p o te n t ia ls  o f  0.86V and 0.96V (Figure 138). The oxida­

t io n  peak a t  0.96V was the  r e s u l t  o f  the added hypoxanthine and proved 

conclusively  th a t  peak A was not a r e s u l t  of hypoxanthine contamination.

The impurity which was e lec troox id ized  a t  0.88V in pH 7 phos­

phate bu ffe r  was suspected of being a purine base because of the 

syn thes is  route  o f  IMP. Using the  equations fo r  the pH dependence 

of the peak po ten tia l  o f  various purines, adenine was found to  have a 

peak p o te n tia l  o f  0.88V a t  pH 7.0 according to  the equation =
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Figure 12. D if fe ren t ia l  pulse voltammograms o f  2.0 IMP in pH 7.0
phosphate b u ffe r  o f  ion ic  s treng th  0.5 M a t  a sweep ra te  o f  
5 mV s-1 . (A) Before e l e c t r o ly s i s  a t  0.88V y^. SCE. (B)
A fter 21 hours e l e c t r o ly s i s  a t  0.88V vs. SCE.
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Figure 13. D if fe re n t ia l  pulse voltanmograms o f  0.50 mM IMP in pH 7.0 
phosphate b u f fe r ,  v=0.5 M. The major peaks o f  IMP are o f f -  
sca le  a t  I.IV . Data was obtained a t  a sweep ra te  of 5 mV s " l .  
(a) imp alone and (B) 4.9 yM hypo;<anthine + IMP.
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Q  q c
(1.338-0.063 pH)V. ’ This i s  the peak po ten tia l  from a l in e a r  

sweep voltammogram and would not compare exac tly  with the  peak po ten tia l  

o f  the compound under d i f f e r e n t ia l  pulse voltammetric cond itions . The 

adenine concentra tion  was a lso  much higher, c^. 0.25 mM, and thus i t  

would not be unusual fo r  the pH dependence to  be somewhat d i f f e r e n t  

from th a t  reported  above fo r  peak A. To show th a t  peak A might be 

adenine the  IMP so lu tion  was spiked with a very small amount of adenine 

which would give a comparable peak c u rren t  to  th a t  observed fo r  peak A. 

Under these  conditions only one d i f f e r e n t ia l  pulse voltammetric oxida­

t io n  peak i s  observed except the peak cu rren t is  much g rea te r  (Figure 

14). This i s  not conclusive proof th a t  peak A i s  a r e s u l t  of adenine 

contamination, but suggests i t  is  a good p o s s ib i l i ty .

Assuming the contamination i s  adenine, a method was developed 

fo r  q u a n t i ta t io n  o f  adenine in IMP using a standard add ition  method. 

Several known q u a n t i t ie s  of adenine were added to  0.95 mM IMP solu tions  

and the combined peak c u rren t  fo r  adenine and peak A was measured.

A fter sub trac t ing  the con tr ibu tion  o f  the peak cu rren t fo r  peak A, the 

r e s u l t in g  value i s  the peak cu rren t  fo r  the added quan tity  of adenine. 

These values were used to  prepare the c a l ib ra t io n  curve of adenine 

peak c u r ren t  vs. concentra tion  shown in Figure 15. This c a l ib ra t io n  

curve i s  l i n e a r  up to  ca .̂ 20 pM adenine. Assuming once again th a t  

adenine i s  responsib le  fo r  peak A, the concentration of adenine which 

would give the same peak c u rren t  is  found from the  c a l ib ra t io n  curve 

to  be 3.3 pM. Thus adenine i s  suggested to  be a contaminant a t  a level 

of 0.09% by weight.
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Figure 14. D if fe re n t ia l  puise vol tammograms o f  0.99 mM IMP in pH 7.0 
phosphate b u f fe r ,  ^=0.5 M. Data was obtained a t  a sweep 
ra te  o f  5 mV s " l .  The major peaks o f  IMP are o f f - s c a le  a t  
I.IV . (A) IMP alone and (B) 25 uM adenine + IMP.
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Figure 15. Peak cu rren t vs. concentration curve fo r  the d i f f e re n t ia l

pulse voltammetrie oxidation peak o f  adenine which was added 

in known concentrations to  an IMP so lu tio n .  Voltammograms 

were run in pH 7.0 phosphate b u ffe r  o f  ion ic  s treng th  0.5 M 

a t  a sweep ra te  o f  5 mV s~^. The con tribu tion  o f  the peak 

cu rren t fo r  peak A was sub trac ted  out.
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D iffe ren t ia l  Pulse Voltammetry of Po1y(I)

pH s tudy . Poly(I) exh ib its  a s in g le ,  w ell-defined d i f f e re n ­

t i a l  pulse voltammetric oxidation peak between pH 2 and 14 (Figure 

16). The concentra tion  o f  po ly(I)  was determined from u.v . spec tro ­

scopy a t  247 nm in pH 7.0 phosphate bu ffer  having an ion ic  s treng th
28 1  

of 0.2 M. Under these conditions the molar ab so rp t iv i ty  is  7.6x10

£ mole"^ cm"^ and thus a 1.0 mg ml'^ so lu tion  o f  poly(I)  is  3.3 mM.

This concentration re fe r s  to  the  concentration of the monomer, IMP.

At poly(I) concentrations o f  0.165 mM and 1.65 mM the pH dependence

o f  the peak p o ten tia l  i s  described by the  following expression:

Ep (pH 2 .9 -7 .2 )  = [1.56-0.039 pH]V 

Above pH 7.2  the peak po ten tia l  i s  dependent on concentration:

0.165 mM (pH 7 .2-14): Ep = [1.87-0.082 pH]V 

1.65 mM (pH 7 .2-14): Ep = [1.66-0.057 pH]V

These expressions a re  i l l u s t r a t e d  g raph ica lly  in Figure 17.

The pH dependence fo r  the oxidation peak of po ly (I)  was also  

investiga ted  a t  a concentra tion  o f  5 mM. This was done because c a l ib r a ­

t io n  curves fo r  determination of hypoxanthine in poly(I)  were run 

a t  a po ly (I)  concentration  of 5 mM [vide i n f r a ) .  Under these  con­

d i t io n s  the  Ep vs .̂ pH equation becomes (Figure 18):

Ep (pH 2-10) = [1.60-0.047 pH]V

Ionic s treng th  s tudy . A d i f f e r e n t ia l  pulse voltammetric
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Figure  16. D i f f e r e n t i a l  p u ls e  voltammogram o f  1.65 mM p o ly ( I )  in  pH 
6 .25  phosphate  b u f f e r ,  n=0.5 M. Data o b ta in e d  a t  a sweep 
r a t e  o f  5 mV s - 1 .
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Figure  17. Peak p o t e n t i a l ,  Ep, pH r e l a t i o n s h i p  f o r  th e  s in g l e  d i f ­
f e r e n t i a l  p u is e  v o lta irm e tr ic  o x id a t io n  peak o f  p o ly ( I )  
o b ta in e d  in  phosphate  b u f f e r s  o f  io n i c  s t r e n g t h  0 .5  M a t  a 
sweep r a t e  o f  5 mV s - 1 .  0*) 1.65 mM p o l y ( I ) .  ( • )  0 .165 mM
p o l y ( I ) .
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Figure  18. Peak p o t e n t i a l ,  Ep, pH r e l a t i o n s h i p  f o r  th e  s in g l e  d i f ­
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p o ly ( I )  in  phosphate  b u f f e r s ,  v=0.5 M. Data o b ta in e d  a t  a 
sweep r a t e  o f  5 mV s -1 .
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study of po ly(I)  in phosphate buffers  o f  various ion ic  s treng ths  was 

done to  determine an ionic s treng th  where the peak cu rren t would remain 

constan t even with s l ig h t  va r ia t io n s  in the ionic s t ren g th .  For example, 

a t  pH 6.3 the  peak cu rren t fo r  1.65 mM.poly(I) increases with the 

ionic  s tren g th  o f  the buffer  up to  ça .  0.4 M. Above th i s  ion ic  

s treng th  th e  peak cu rren t becomes e s s e n t ia l ly  independent o f  the  ionic  

s treng th  (Figure 19). A bu ffe r  ionic  s treng th  of 0.5 M was thus chosen 

fo r  an a ly t ic a l  s tud ies  because of the la rg e r  peak cu rren t and hence the 

g re a te s t  a n a ly t ic a l  s e n s i t i v i ty .  At th i s  ionic s treng th  small v a r ia t io n s  

in ionic  s treng th  do not a f f e c t  the peak cu rren t  fo r  p o ly ( I ) .

Concentration s tu d y . D iffe ren t ia l  pulse voTtammetric peak 

cu rren t concentration s tud ies  of poly(I)  were undertaken to  d e te r ­

mine the amount o f  adsorption which occurs a t  the e lec trode .  The peak 

cu rren t was found to  be highly dependent on the pH o f the  so lu tio n .

At low pH the  peak curren t i s  l a rg e s t  and decreases with pH s im ila r  

to  the behavior fo r  hypoxanthine, inos ine ,  and IMP. This behavior 

suggests th a t  adsorption o f  a l l  the species studied i s  g re a te r  a t  low 

pH with a corresponding increase in  the  experimental peak cu r ren t .

For example, a t  pH 5.3 poly(I)  exh ib its  a maximum peak c u r ren t  a t  ca.

1.6 mM (Figure 20A). The maximum value fo r  the  peak cu rren t  o f  

poly(I) in pH 7 buffers  occurs a t  ca. 2.0 mM (Figure 2GB). These 

r e s u l t s  in d ica te  th a t  a t  concentrations above 2.0 mM the e lec trode  

surface is  completely covered with adsorbed poly(I)  molecules or i t s  

e lec troox ida tion  product(s) .
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Figure 19. Peak c u r r e n t ,  i p ,  b u f f e r  i o n i c  s t r e n g t h  f o r  th e  s in g l e  

d i f f e r e n t i a l  p u ls e  vol tammetri c o x id a t io n  peak o f  1.65 mM 

p o ly ( I )  in  pH 6 .3  phosphate  b u f f e r .
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Figure 20. Peak cu rren t ,  Ip ,  concentration curve fo r  the d if fe re n ­

t i a l  pulse voltammetric peak o f  p o ly ( l ) in  phosphate buffers  

of io n ic  s treng th  0.5 M. (A) pH 5.3 and (B) pH 7.0.
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Studies of Hypoxanthine in  Polv(I)

The peak po ten tia l  pH dependence curves fo r  hypoxanthine, 

in o s in e ,  IMP, and poly(I)  reveal t h a t  the major peaks o f  inos ine , IMP, 

and po ly(I)  occur a t  very nearly  the  same p o ten tia l  over the e n t i r e  

pH range. This implies th a t  t races  o f  inosine and/or IMP cannot be 

determined in po ly (I)  using d i f f e r e n t i a l  pulse voltammetry. As mentioned 

above i t  has been found th a t  po lynucleo tides ,  nuc leo tide s ,  and nucleo­

s ides  are usually  contaminated with t rac es  o f  the corresponding purine 

base. Thus i t  was decided th a t  the determination of t rac e  amounts 

of hypoxanthine in poly(I)  would be of primary concern.

Because many o f  our mechanistic s tud ies  a re  ca r r ied  out a t  

physiological pH the  in v es t ig a t io n  o f  hypoxanthine/poly( I ) mixtures 

was ca rr ied  out a t  pH 7. Figure 20A,B in d ica te  th a t  above a poly(I)  

concentra tion  o f  c^. 2 mM the peak cu rren t  fo r  i t s  oxidation peak has 

reached i t s  l im it in g  value. This would seem to in d ica te  th a t  the 

e lec trode  surface i s  completely covered with adsorbed po ly(I)  molecules 

or i t s  e lec tro o x id a tio n  products. I f  th i s  i s  the  case then the  ex ten t 

o f  hypoxanthine adsorption a t  the PGE might be decreased. Decreasing 

the  ex ten t o f  th e  adsorption o f  hypoxanthine should extend the l in e a r  

range of the  hypoxanthine peak cu rren t  vs .̂ concentra tion  curve above 

th a t  shown in Figure 5. A l in e a r  c a l ib ra t io n  curve i s  d e s irab le  from 

an a n a ly t ic a l  viewpoint because of the g rea te r  s im p l ic i ty  i t  a f fo rd s .

Peak cu rren t s tu d ie s . The i n i t i a l  study o f  the oxidation peak 

cu rren t  fo r  hypoxanthine in poly(I)  was done a t  a po ly (I)  concentra tion  

of 2.0 mM. Under these conditions the  hypoxanthine peak cu rren t v^.
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concentra tion  curve was l in e a r  only to  ça .  50 uM (Figure 21). I t  was 

a lso  observed th a t  the peak curren t fo r  the po ly(I)  peak decreased 

with increasing  hypoxanthine concentration (Figure 21). This behavior 

suggests th a t  the adsorption of poly(I)  and hypoxanthine i s  competitive 

a t  the PGE surface.

The competitive adsorption observed was fu r th e r  investiga ted  

by varying the po ly(I)  concentration and holding the concentration 

o f  hypoxanthine a t  a constant le v e l .  The hypoxanthine concentration 

was held a t  e i th e r  10 pM or 40 yM (both hypoxanthine concentrations 

are  on the l in e a r  region of the  peak cu rren t vs .̂ concentration curve 

shown in  Figure 21) and the poly(I) concentration was varied between 

0.25 mM and 5.0 mM. At the 40 pM hypoxanthine concentration level 

the  peak cu rren t  fo r  hypoxanthine varied the most and reached a l im iting  

minimum value above ça .  2.5 mM poly(I) (Figure 22A). A constant value 

fo r  the  hypoxanthine peak curren t a t  the 10 pM concentration  level 

was reached a t  ça .  1 mM poly(I)  (Figure 226). I t  appears th a t  i f  

the  concentra tion  o f  poly(I) i s  held a t  a level o f  5 mM, which approaches 

the l im i t  o f  s o lu b i l i ty  a t  pH 7, competitive adsorption o f  hypoxanthine 

i s  minimized. Even a t  th is  poly(I) concentration  the peak cu rren t V£. 

concentra tion  curve fo r  hypoxanthine i s  once again l in e a r  only to  about 

25 pM (Figure 23).

In order to  t e s t  the  usefulness of d i f f e r e n t i a l  pulse voltam- 

metry a t  the PGE fo r  the ana ly tica l  determination o f  hypoxanthine in 

p o ly ( I ) ,  a s e r ie s  o f  t e s t  so lu tions  were prepared which were 5 mM 

in po ly (I)  and ranged from 9 to  24 pM in hypoxanthine. These so lu tions  

were analyzed by measuring the peak cu rren t fo r  the  hypoxanthine oxida-
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Figure 21. Peak cu rren t hypoxanthine concentration in pH 7.0 phos­

phate b u f fe r ,  y=0.5 M containing 2.0 mM p o ly ( I ) .  •
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F igure  22. Hypoxanthine peak c u r r e n t  vs .̂ p o ly ( I )  c o n c e n t ra t io n  in  pH

7.0 phosphate  b u f f e r ,  m=0 .5  M. The c o n c e n t ra t io n  o f  hypo­

x an th in e  was h e ld  c o n s ta n t  a t  (A) ■  40 pM and (B) #  10 pM.
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concentration of 5.0 mM.
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t io n  peak and comparing to  a c a l ib ra t io n  curve s im ila r  to  Figure 23. 

Results fo r  the th ree  unknowns are  given in Table 3. These r e s u l t s  

in d ica te  th a t  hypoxanthine can be determined a t  concentrations le ss  

than 0,5% in poly(I)  with an accuracy o f  b e t te r  than ±4%.

Table 3

Determination o f  Hypoxanthine in Poly(I)  Samples^ by 

D if fe re n t ia l  Pulse Voltammetric 

Oxidation a t  the  PGE

Sample Concentration o f  Hypoxanthine
Actual (pM) Found (pM)°

A 24.1 23.1
B 16.9 17.5
C 9.6 9.2

^Determination run in pH 7.0 phosphate b u f fe r ,  p=0.5 M, containing 
5 mM p o ly ( I ) .
bAverage o f  3 determ inations.



CHAPTER I I I  

EXPERIMENTAL

Chemicals. Polyinosinic acid (5 '-potassium  s a l t ) ,  inos ine ,  

and inosine-5'-monophosphate (disodium s a l t )  were obtained from Sigma. 

Hypoxanthine was obtained from N utrit iona l Biochemicals.

All buffer so lu tions  were prepared from reagent grade chemicals. 

Phosphate buffers  (sodium s a l t s )  with an ionic  s treng th  o f  0.5 M were 

used unless otherwise spec if ied .  Above pH 12 the supporting e l e c t ro ly te  

u t i l iz e d  in the study was a sodium hydroxide so lu tion  with sodium s u l ­

fa te  added to  obtain an ion ic  s treng th  of 0.5 M.

Apparatus. P yro ly tic  g raph ite  was obtained from P f ize r  

M inerals, Pigments, and Metals Division. The fa b r ic a t io n  and re s u r ­

facing o f  the  py ro ly tic  g raph ite  m icroelectrode have been f u l ly  des- 

cribed elsewhere. “ A rough PGE co n s is ts  o f  a rod o f  py ro ly t ic  

g raph ite  ca .̂ 1.5 mm x 1.5 mm x 10 mm sealed in a g lass tube with epoxy 

re s in  (Epoxi-Patch, Hysol D ivision, Dexter Corp., Olean, NY). Resur­

facing of the PGE was accomplished by grinding on 600-rgrit s i l i c o n  

carbide paper (Buehler, In c . ,  Evanston, IL) attached to  a m etallo -  

graphic polishing wheel. A fter  resu rfac ing ,  the t i p  of the e lec trode  

was rinsed thoroughly with d o u b ly -d is t i l led  water. Then the body of 

the e lec trode  was d ried  with a s o f t  t i s s u e  paper. Excess water was

46
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removed from the t i p  by dabbing gently  with the s o f t  t i s s u e .

A Princeton Applied Research (PAR) Corporation 174A Polaro- 

graphic Analyzer was used throughout th i s  in v e s t ig a t io n .  All d i f f e re n ­

t i a l  pulse voltammograms a t  the  PGE were obtained a t  5 mV s"^ with a 

modulating amplitude of 25 mV and with the drop timer control s e t  a t  

0 .5 s .  An i n i t i a l  po ten tia l  o f  0.2V was applied to  the e lec trode  fo r
5

30s p r io r  to  the voltage sweep as described previously. A Hewlett- 

Packard Model 7015 X-Y Recorder was used to  record a l l  voltammograms.

The voltammetric ce l l  had a capacity  of ca. 5 ml and was su r ­

rounded by a w ate r- jacke t fo r  control o f  the  temperature a t  25°±0.1°C.

A pool of c lean mercury a t  the bottom of  the ce l l  served as the  counter 

e lec tro d e .  E lec tr ica l  contact to  the  sa tu ra ted  calomel reference 

e lec trode  (SCE) was made through a double s a l t  bridge arrangement 

with a Luggin c a p i l l a ry  positioned very c lose  to  the t i p  of the PGE. 

This arrangement prevents any s ig n i f i c a n t  contamination of the t e s t  

so lu tion  with ch lo ride  ions from the SCE. The ce l l  was maintained 

a t  constan t temperature by using a MGW Lauda Model. B-1 Water C ircu la­

t io n  with a th ree  l i t e r  bell j a r  as the  water bath. The SCE was a t  

room temperature a t  a l l  times (25°±1°C) th e re fo re  a l l  p o te n t ia ls  are  

re fe r re d  to  the SCE a t  25°C.

Controlled po ten tia l  e l e c t ro ly s i s  o f  IMP u t i l i z e d  a PAR Model 

373 P o ten t io s ta t /G a lv an o s ta t . A th ree  compartment ce l l  with a working 

compartment capacity  of m . 15 ml was used. All s a l t  bridges con­

ta ined  agar prepared with phosphate, buffer  pH 7.0 with an ionic

s treng th  o f  0.5 M. This agar was prepared by d isso lv ing  4 g of agar
38

in 90 ml o f  pH 7.0 phosphate bu ffer  with heating . Counter and
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reference e lec trode  compartments contained the same buffer so lu tion .

The reference e lec trode  was a Fisher Fiber-Tip SCE and the counter 

e lec trode  was platinum f o i l .

Solutions o f  any o f  the compounds studied  were not found 

to  be a i r  s e n s i t iv e ,  th e re fo re  they were not deaerated p r io r  to  d i f ­

f e r e n t ia l  pulse v o l ta m e try  or con tro l led  p o te n tia l  e l e c t ro ly s i s .

The tendency o f  hypoxanthine to  slowly decompose (vide supra) was 

not found to  be a r e s u l t  o f  a i r  ox ida tion .

All hypoxanthine de r iv a tiv e s  were found to  adsorb s trongly  

to  the g lass  su rface  of the voltammetric ce l l  and very careful r in s in g  

was necessary to  prevent subsequent contamination o f  blank or t e s t  

so lu t io n s .  Therefore the c e l l s  were rinsed  with d o u b ly -d is t i l le d  water 

ten times when changing so lu tio n s .

Procedure fo r  Detection of Hypoxanthine in PolyCD

The poly(I)  concentration necessary fo r  de tec tion  of t rac e  

amounts o f  hypoxanthine i s  not c r i t i c a l l y  im portant. Typically , 3 mg 

o f poly(I)  is  d isso lved  with gen tle  a g i ta t io n  in 1 ml of double d i s ­

t i l l e d  water a t  room temperature. This so lu tion  i s  t ra n s fe r re d  to  

the  voltammetric ce l l  and d i lu ted  1:1 with pH 7.0 phosphate buffer 

with an ionic  s tren g th  of 1 . 0  M giving a f in a l  ion ic  s treng th  of 

0.5 M. D issolution o f  poly(I) occurred much more re a d i ly  in water 

than in  phosphate b u ffe r ,  but once in  so lu tion  i t  did not p re c ip i ta te  

upon mixing with b u ffe r .  The so lu tion  was allowed to  remain in the 

ce l l  fo r  an appropria te  length of time (ca. 5 min.) to  e s ta b l is h  

thermal equilibrium  a t  25°C. This temperature was used because no
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o the r temperature o ffered  b e t te r  s e n s i t i v i ty  in the  determination and 

i t  has the  advantage o f  quicker thermal e q u i l ib ra t io n  between the 

c e l l  and the t e s t  so lu tion .

An i n i t i a l  p o ten tia l  o f  0.2V i s  applied to  the  PGE fo r  30s

p r io r  to  i n i t i a t i o n  o f  the  voltage sweep. Poly(I) exh ib its  a s ing le

w ell-defined  d i f f e r e n t i a l  pulse voltammetric oxidation peak, close

to  the background d ischarge , with a peak po ten tia l  (Ep) o f  1.28V a t

25°C. Poly(I) concentrations o f  ca .̂ 1.5 mg ml~^ give peak curren ts
2

of câ . 6  yA a t  a 2 mm PGE. I f  hypoxanthine i s  p resen t in the sample 

i t  w ill  be detected  by the  appearance o f  a voltammetric oxidation 

peak with a peak p o ten tia l  o f  0 .9 4 -0 .95V.

Procedure fo r  Determination o f  Hypoxanthine in Pol.y(I)

An a n a ly t ic a l  c a l ib ra t io n  curve o f  peak cu rren t  vs. hypo­

xanthine concentration  i s  prepared by obta ining voltammograms of 

various concentrations o f  hypoxanthine in a so lu tion  containing a 

f ixed  amount o f  po ly(I)  in  pH 7.0 phosphate buffer  with an ionic 

s tren g th  o f  0.5 M. Approximately 3 mg of po ly(I)  i s  d issolved in 

1 ml o f  d o u b ly -d is t i l le d  water (vide supra) and mixed 1:1 with pH

7.0 phosphate b u ffe r ,  y= l.0 M, containing the d i f f e r e n t  concentra­

t io n s  o f  hypoxanthine. The concentra tion  of hypoxanthine in  the t e s t  

so lu tion  ranges from 1 yM to 25 yM and the po ly(I)  concentration is  

5 mM. Weights o f  po ly(I)  r e f e r  to  the  monopotassium s a l t  and i t  must 

be emphasized th a t  both poly(I) and hypoxanthine so lu tions  should be 

f resh ly .p repared  because of the s l i g h t  tendency fo r  decomposition.

Poly(I)  used fo r  the c a l ib ra t io n  curve should be f re e  of
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hypoxanthine. Any trac es  of hypoxanthine can be removed by con tro lled  

po ten tia l  e le c t ro ly s i s  a t  0.96V in pH 7.0 phosphate bu ffe r ,  y=0.5 M, a t  

a PGE with a la rge  surface area . The ion ic  s treng th  of the t e s t  

so lu tions  fo r  the d i f f e r e n t i a l  pulse voltammetry i s  not c r i t i c a l l y  

important provided th a t  a l l  standards and unknowns are made up with 

id e n t ica l  bu ffe rs .

At l e a s t  th ree  voltammograms are  run on each so lu tion  and the 

average hypoxanthine peak c u rren t  used fo r  the c a l ib ra t io n  curve.

A po ly (I)  sample with an unknown concentration of hypoxanthine 

can be analyzed by d isso lv ing  ça .  3 .0  mg in 1 ml of d o u b ly -d is t i l led  

HgO and then d i lu t in g  1:1 with pH 7.0 phosphate buffer having an 

ion ic  s tren g th  o f  1.0 M. At l e a s t  th ree  voltammograms are run and 

the average hypoxanthine peak c u rren t  determined. The hypoxanthine 

concentra tion  i s  then determined by reference to  the ca l ib ra t io n  

curve obtained under id e n t ica l  experimental cond itions .



CHAPTER IV 

SUMMARY

Polyinosinic acid shows only one d i f f e r e n t i a l  pulse voltam- 

metric oxidation peak a t  the PGE c lose  to  the background discharge. 

Hypoxanthine, inos ine , and IMP show somewhat d is to r te d  voltammograms 

which have the appearance o f  two overlapping peaks. At low concentra­

t io n s  hypoxanthine ex h ib its  only a s ing le  voTtammetric oxidation peak 

which is  separated from the s in g le  peak of poly(I)  by ça . 300 mV making 

de tec tion  and determination o f  t rac e  amounts of hypoxanthine in poly(I)  

very easy. In the  presence o f  a la rge  excess o f  po ly(I)  the  hypo­

xanthine peak c u rren t  concentration re la t io n s h ip  is  l i n e a r  up 

to  c^. 25 pM a t  a temperature o f  25°C. Since the c a l ib ra t io n  curve 

was l in e a r  a t  25°C i t  was not found necessary to  use 10°C fo r  l i n e a r i t y  

as reported previously fo r  determ ination o f  xanthine in poly(X).^

Detection of t ra c e  amounts o f  IMP in po ly (I)  using d i f f e r e n t ia l  

pulse voltammetry was not possib le  because th e i r  peak p o te n t ia ls  were 

p ra c t ic a l ly  id en tica l  a t  a l l  pH values and were in d is t in g u ish ab le  in 

a mixture of the two compounds. Peak I of inosine should be resolved 

from the  oxidation peak of p o ly ( I ) ,  however in so lu tion  with poly(I) 

i t  was not observed. This i s  not su rp r is in g  s ince  the  peak cu rren t 

concentration dependence fo r  peak I of inosine in d ica te s  th a t  i t

51
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is  an adsorption peak. An adsorption peak would not appear i f  the 

e lec trode  surface was already  covered with poly(I)  molecules. There­

fo re  i t  does not appear th a t  inosine i s  d e tec tab le  in poly(I)  using 

d i f f e r e n t i a l  pulse voltammetry a t  a PGE.

The r e s u l t s  fo r  hypoxanthine show th a t  i t  can be determined 

a t  le s s  than 0.5% by weight in poly Cl) with an accuracy of b e t te r  

than ±4%. Analyses a t  th i s  low level have been im practical even with 

spectrophotometric methods because of the s im i la r i ty  in the u .v . 

spec tra  o f  po ly(I)  a t  pH 7 = 247 nm) and hypoxanthine =

249.5 nm).
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PART II

ELECTROCHEMISTRY OF 6-METHYL-5,6.7,8-TETRAHYDR0PTERIN

CHAPTER I 

INTRODUCTION

Tetrahydrobiopterin  (I )  has been shown to  be the n a tu ra l ly

occurring co fac to r  fo r  a group o f  enzymes th a t  introduce a hydroxyl

group in to  phenylalanine, ty ro s in e ,  and tryptophan u t i l i z in g  mole- 

1-3cu la r  oxygen.

HOH.CHOH.CH

The hydroxylation reac tions  of ty ro s ine  and tryptophan are the ra te

l im it in g  s teps in the biosynthesis of the neuro transm itters  nore-
4 5pinephrine, dopamine, and sero ton in . I t  is  a lso  suspected th a t  a

reduced p te r in  is  necessary fo r  p h o t o p h o s p h o r y l a t i o n . I t  has been

demonstrated th a t  a te trahyd rop te rin  is  involved in the enzymic oxida-
Q

tio n  o f  glyceryl e thers  in the l i v e r .  The same reduced p te rin
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cofac to r  i s  suspected of playing a ro le  in .the hydroxylation of
9

s te ro id s  and in the formation of melanine.

Another reduced p te r in  co fac to r  which occurs widely in both 

p lan ts  and animals is  te t r a h y d ro fo l ic  acid which may be regarded

as par t  of the vitamin B complex.

COOH

-NH-

CHz
CHy
I

-CH

COOH

I I

Kaufman proposed the  f i r s t  mechanism to  exp la in  the involve­

ment of te t rah y d ro p te r in s  in the enzymic hydroxylation of the  aromatic 

amino a c i d s . ^ T h u s  he proposed th a t  phenylalanine i s  converted 

to  ty ro s in e  in  the presence o f  phenylalanine hydroxylase and oxygen. 

Coupled to  t h i s  reac t io n  i s  the  apparent 2e^2H^ ox ida tion  of the 

co fac to r  to  a quinonoid-d ihydropterin  form (Figure 1 ) .  This quinonoid- 

d ihydropterin  i s  reduced to  the te t ra h y d ro p te r in  by NADH in the pre­

sence o f  a second enzyme, d ihyd rop te r id ine  reduc tase .  The term 

"p te r in"  i s  used fo r  the  moiety, 2-amino-4-hydroxypteridine.

L -e ry th ro - te tra h y d ro b io p te r in  i s  the na tu ra l co fac to r  for the

12aromatic amino acid hydroxylases. However th e re  a re  various other
12-17te trah y d ro p te r in s  which can function  as s o -c a l le d  pseudo co fac to rs ,  

most notably 6 -methyl- 5 , 6 , 7 , 8 - te t r a h y d ro p te r in  ( 6 -MTHP) and 6,7-dimethyl-
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P h e n y l a l a n i n e
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d i h y d r o p t e r i n

F ig u re  1. O r ig in a l  r e a c t io n  scheme p roposed  by Kaufman f o r  th e  p a r t i c i ­

p a t io n  o f  t e t r a h y d r o p t e r i n  c o fa c to r s  in  th e  enzymic hydroxy­

l a t i o n  o f  p h e n y la la n in e .



58

5 ,6 ,7 ,8 - te t ra h y d ro p te r in  (6,7-DMTHP). Tetrahydropterin  can a lso

function  as a co fac to r  in v i t r o , however a lk y la t io n  a t  the C(6 ) -

18pos it io n  g re a t ly  enhances the co fac to r  a c t iv i t y .  When te trah y d ro ­

p te r in  was used as the co fac to r  fo r  hydroxylation o f  phenylalanine 

in the  presence o f  phenylalanine hydroxylase and oxygen, only about 

o ne-ha lf  the amount o f  ty ro s in e  was formed compared to  when 6 -MTHP 

or te tra h y d ro b io p te r in  were used.^* Of a l l  the sy n th e t ic  co fac to rs  

6 -MTHP has been shown to  have the  h ighest a c t i v i t y ,  second only to  

the  natu ra l co fac to r  L -e rthy ro -te trahydrob iop te rin .^^"^^  I t  has 

not been used more ex tensive ly  owing to  the f a c t  th a t  i t  i s  claimed

to  be le s s  s ta b le  to  a i r  oxida tion  than 6 ,7-d im ethyl- 5 ,6 ,7 ,8 -
19 22te t ra h y d ro p te r in .  Archer and Scrimgeour reported  th a t  apprec iab le

amounts o f  f u l l y  oxidized 6 -methyl p te r in  and an equal amount o f  un­

oxidized 6 -MTHP were detected  when 6 -MTHP was oxidized to  the quinon­

o id -d i hydropterin  with a s to ich iom etr ic  amount o f  KgFe(CN)g.

The 2-amino-4-hydroxy configu ra tion  o f  te t ra h y d ro p te r in s  does 

not appear to  be an abso lu te  requirement fo r  co fac to r  a c t i v i t y .  In 

f a c t  i t  has been demonstrated th a t  the  2,4-diamino compound a lso

ex h ib i ts  co fac to r  a c t i v i t y . R e d u c e d  p te r in s  in which the  2-amino

19and 4-hydroxy groups are  reversed do not show co fac to r  a c t iv i t y .

A lkylation of the 2-amino group or N(8 ) i s  a lso  s u f f i c i e n t  to  block

19the co fac to r  a c t i v i t y .

The formation o f  a quinonoid-dihydropterin  ( I I ,  Figure 2)

when te trah y d ro p te r in s  are  oxidized seems to  have been suggested 
23f i r s t  by Hemmerich. This quinonoid in term ediate  i s  l a b i l e  and 

rearranges to  the  more s ta b le  7 , 8 -d ihydrop te r in  ( I I I ,  Figure 2).
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Figure  2. R eac tion  scheme showing the  f iv e  p o s s i b le  q u in o n o id -d i  h y d ro p te r in s  
which m ight be formed.
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There a re  f iv e  possib le  s t ru c tu re s  fo r  th i s  quinonoid-dihydropterin

species  ( I l a - I I e ,  Figure 2). Spectroscopic r e s u l t s ^ ^ ’^^ and data

24on the r a t e  of oxidation o f  methylated te trah y d ro p te r in s  suggest th a t

s t ru c tu re  I l a  i s  a favored s t ru c tu re .  Electrochemical r e s u l t s  appear
25to favor s t ru c tu re  l i e ,  Figure 2 while th e o re t ic a l  molecular o rb i ta l

26
c a lcu la tio n s  suggest t h a t  IIb  i s  not a favored s t ru c tu re .  The most

recen t electrochemical and th in - la y e r  spectroelectrochem ical s tud ies

of 6,7-DMTHP and o ther  methylated te trah y d ro p te r in s  a lso  favor

27s t ru c tu re  l i e  in  Figure 2. None o f  th i s  evidence i s  conclusive 

fo r  any o f  the f iv e  possib le  s t ru c tu re s  however.

In the o r ig ina l  Kaufman scheme (Figure 1) th e re  i s  no ob­

vious ro le  fo r  the a c t iv a t io n  o f  oxygen by the  te trah y d ro p te rin  co-

factor»  Therefore he l a t e r  proposed a scheme (Figure 3) in which a

28-304a-hydroperoxide ( I I ,  Figure 3) i s  the  actual hydroxylating agent. 

Following the  hydroxylation a 4a,5-hydrate  was proposed to  be formed 

( I I I ,  Figure 3). This was proposed to  be the in term ediate  detected 

by u .v . spectroscopy (x„,„  = 250 nm and 290 nm) during hydroxylation
UiaX

of phenylalanine when the te trah y d ro b io p te r in  concentration was low 

and the  hydroxylase concentra tion  high. This 4a,5-hydrate  decays 

nonenzymically or enzymically in  the  presence of a "stim ulating" 

p ro te in ,  to  quinonoid-dihydropterin  (IV, Figure 3). When the
30

hydroxylating conditions a re  optimal the  4a,5-hydrate  was not observed.

The evidence fo r  the 4a ,5-hydrate  was gleaned from the s im i la r i ty  of

i t s  u .v .  spectrum with th a t  of a 4-hydroxy adduct of a s im ila r

31compound, deazapterin  ( ^ I ) .
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I I I
cococo

32Hamilton has a lso  proposed a hydroxylation mechanism in ­

volving hydroperoxides (Figure 4 ) .  The hydroperoxide ( I I ,  Figure 4) 

c leaves across the  C(4a)-N(5) bond y ie ld ing  a carbonyl oxide ( I I I ,  

Figure 4 ) .  When th i s  reagent t r a n s f e r s  i t s  oxygen to  the  s u b s tra te  

i t  forms a pyrimidine (IV, Figure 4) which recy c lize s  to  the quinonoid- 

di hydropterin  (V, Figure 4 ). Evidence fo r  t h i s  r ing  cleavage mechanism 

fo r  oxygen a c t iv a t io n  i s  provided by the f a c t  th a t  several pyrim idines, 

2 ,5 , 6 - t r i  ami no-4-pyrimidone and 5-benzyl ami no-2 , 6 -di ami no-4-pyri mi done,

can a lso  function  as co fac to rs  fo r  phenylalanine hydroxylase and

33both are  cleaved to  an oxidized pyrimidine (Figure 5) and an amine. 

The bond cleavage occurs a t  the C(5)-N bond which i s  analogous to  the 

C(4a)-N(5) bond in  te trah y d ro p te r in s .  Mager has a lso  proposed an 

oxygen contain ing  in term ed ia te ,  an 8 a adduct, in the au tooxidation 

o f  various su b s t i tu te d  te trah y d ro p te r in  co fac to rs .

Further evidence fo r  a 4a-hydroxy in term edia te  was thought 

to  e x i s t  when such an in term ediate  was claimed to have been iso la te d

35from the oxida tion  o f  5-methyl- 6 , 7 -d ip h en y l-5 ,6 ,7 ,8 - te trah y d ro p te r in

36and 5 -m ethy lte trahydro fo lic  ac id . However, the c o r re c t  s t ru c tu re

37was l a t e r  shown to  be a p y ra z in o -S - t r ia z ine by Jongejah e t  a l .
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p h e n y la la n in e  in v o lv in g  t e t r a h y d r o p t e r i n  h y d ro p e ro x id e s .  

S i s  s u b s t r a t e ,  SO i s  h y d ro x y là te d  s u b s t r a t e .
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T 0 ^ 0

+ RNH9

Figure 5. Bailey-Ayling reac tion  scheme to  expla in  co fac to r  proper­

t i e s  o f  pyrimidines.
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Other workers have detected  the  ex istence  of rad ica l in t e r -  

mediates in the  chemical oxidation of several te tra h y d ro p te r in s .  ” 

Cation ra d ic a ls  have a lso  been observed by EPR spectroscopy in the 

au tooxidation  of several te t ra h y d ro p te r in s ,  including te trahyd rob io ­

p te r in  and te t r a h y d ro fo l ic  acid (THF), and a mechanism has been pro­

posed which involves the  intermediacy o f  ra d ic a ls  (Figure g ) , 38-41

Recently i t  has been shown th a t  ingestion  of 6 -MTHP by r a t s
42can s t im u la te  the hydroxylation of phenylalanine. The evidence fo r

th i s  i s  the much higher level o f  phenylalanine hydroxylase a c t iv i t y

found in  l i v e r  s l i c e s  from r a t s  fed 6 -MTHP as compared to  r a t s  fed

a normal d i e t  without 6 -MTHP. I t  was specula ted  th a t  i t  could be used

fo r  the  trea tm ent o f  a d isease  ca l led  phenylketonuria (PKU) which i s

c h a rac te r ized  by an extremely low level o f  phenylalanine hydroxylase

a c t i v i t y  in the l i v e r ,  only 0.27% of the a c t i v i t y  found in a normal 

43person.

Persons su ffe r in g  from PKU often  become mentally re ta rded

a t  a young age unless phenylalanine i s  removed from the d i e t .  A le ss

d e b i l i t a t in g  v a r ia t io n  o f  th i s  d isease  occurs in some people where

about 5% of the normal level o f  phenylalanine hydroxylase a c t i v i t y  is
42detec ted  in  the l i v e r .  This v a r ia t io n ,  termed hyperphenylalaninemia, 

does not r e s u l t  in  mental re ta rd a t io n .^ ^  I t  was proposed th a t  perhaps 

a la rge  dose o f  6 -MTHP or a s im ila r  pseudo co fac to r  could be admin­

is te r e d  to  PKU p a t ie n ts  to  ra is e  the hydroxylation r a te  to  the  point 

where mental re ta rd a t io n  would not develop. Theoretical c a lcu la t io n s  

in d ic a te  th a t  th i s  might indeed be poss ib le  as 6 -MTHP had a fo r  

hydroxylation th i r te e n  times g rea te r  than te trahyd rob iop te r in  when
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42

There have been few repo rts  of the electrochemical oxidation
45of te trah y d ro p te r in s .  Archer and Scrimgeour have reported the 

electrochemical oxidation  o f  te trah y d ro p te r in  and i t s  6 -methyl and 

6,7-dimethyl d e r iv a t iv e s  a t  a dropping mercury e lec tro d e .  Wave slope 

ana ly s is  o f  the  DC polarographic wave was used to  deduce th a t  the 

oxidation proceeded by an ee mechanism. The f i r s t  s tep  i s  proposed 

to  be a le  ̂ ox ida tion  and the second s tep  is  proposed to  be a fu r th e r  

le^ZH^ ox ida tion . However, wave slope an a ly s is  o f  a DC polarographic 

wave i s  su b jec t  to  many complications and the r e s u l t s  are  th e re fo re  

le ss  than conclusive. Kretzschmar and Jaenicke^^’^^ have likew ise 

reported  a le-lH^ oxidation  o f  te t ra h y d ro fo l ic  acid  a t  pH 6 . 8 . Wave 

slope an a ly s is  was a lso  used to  deduce t h i s  mechanism of e l e c t r o ­

ox idation  o f  te t r a h y d ro fo l ic  acid .
48Pradac e t  a l . have a lso  reported  the  e lec tro o x id a tio n  of

pp AQ
THF and 6,7-DMTHP a t  a platinum e lec tro d e .  Kwee and Lund ’ have 

reported  coulometric r e s u l t s  fo r  the e lec tro o x id a tio n  o f  various methylated 

te trahyd ro -  and d ihyd rop te r in s .  They have a lso  in v e s t ig a ted  the reduc­

t io n  o f  6 -methyl p te r in  (6 -MP) and 6 -methyl- 7 , 8 -d i hydropterin  (,6 -MDHP) 

using cy c l ic  voltammetry a t  the  hanging mercury drop e lec tro d e .  In 

the study of the  reduction  of f o l i c  acid  i t  was found th a t  6 -MDHP 

and 6 -MTHP could be formed i f  the  pH of the  so lu tio n  was low enough 

to protonate the  f o l i c  ac id .^^  E a r l ie r  Komenda^^ and Asahi^^ had 

a lso  s tudied  the  reduction o f  6 -MP. They both reported  the i n i t i a l  

reduction product of 6 -MP was an unstable  5 , 8 -d ihydrop te r in  species
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which rearranged to a more s ta b le  product, the 7 , 8 -d ihydrop terin  

sp ec ie s .  Several extensive reports  are  now appearing from th i s  labora­

to ry  on the  electrochemical behavior of various te trah y d ro p te r in s  a t  

the p y ro ly t ic  g raph ite  e lec trode .

One o f  these repo rts  was concerned with the electrochemical 

behavior o f  te trah y d ro p te r in  (THP) and 7 , 8 -d ihydrop terin  (7,8-DHP)^^ 

and has opened up a completely unknown a rea ,  i . e . , the reac tions  which 

can be undergone by the various 7 , 8 -dihydro species formed upon r e ­

arrangement o f  the  quinonoid-dihydropterins. THP is  oxidized in an 

almost r e v e rs ib le  process to  a quinonoid of unknown s t ru c tu re  which 

then rearranges to  7 , 8 -d ihydrop terin .  This compound appears to  reac t  

with water to  form a mixture of the non-hydrated and a N(5)-C(6) 

covalen tly  hydrated species (Figure 7). The s t ru c tu re  of covalently  

hydrated 7 , 8 -d ihydrop terin  is  very s im ila r  to  th a t  o f  THP and i t  is  

th e re fo re  e lec troox id ized  a t  very nearly the same p o te n t ia l .  Another 

unstab le  quinonoid species i s  the product of th i s  oxidation and i t  

i s  thought to  undergo rearrangement to  another in term ed ia te ,  a second 

more s ta b le  quinonoid. These quinonoids break down to  give a mixture 

o f  p te r in  and 7 , 8 -d ihydroxanthopterin . 7 , 8 -Dihydroxanthopterin 

is  id e n t i f i e d  by i t s  voltammetric oxidation peak and the oxidation 

peak of xanthopterin  which i s  observed as the po ten tia l  i s  swept 

f a r th e r  p o s i t iv e  (Figure 8 ).

S im ilar  r e s u l t s  are reported fo r  the e lec tro o x id a tio n  of 6 ,7- 

dimethyl- 5 ,6 , 7 , 8 - te t rah y d ro p te r in  except th a t  i t  i s  not possib le  to 

form 7 , 8 -dihydroxanthopterin  or xanthopterin because of the  blocking 

methyl group a t  the C(6 ) -p o s i t io n .
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Figure 7. S im plified  reac tion  scheme to  explain the formation o f  7,8- 

di hydroxanthopterin and xanthopterin  from 7 , 8 -di hydropterin .



70

C
2km
3

ü

c
TJ
0 )

cc
0 5fiA

s t a r t

S ta r t

C
T3
X

O

1.0 0.5 01.0 0.5 0
P o t e n t i a l / V o l t  v s .  S C E

Figure 8 . (A) Cyclic voltanmogratn of 0 .5 mM 7 , 8 -di hydroxanthopterin
a t  the PGE in pH 6.0 phosphate b u ffe r .  Sweep r a te :  200 mV s 
(B) Cyclic voltammogram of e l e c t r o ly s i s  product of 7,8-DHP 
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(Reference 7).
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Past work from th i s  labo ra to ry  has demonstrated th a t  e l e c t r o ­

chemical s tu d ie s  o f  b io lo g ic a l ly  important molecules can provide power­

ful in s ig h ts  in to  the  b io log ica l redox reac tions  o f  such molecules. 

In v es t ig a t io n s  were thus continued to  more c le a r ly  understand the 

redox p ro p e r t ie s  of te t ra h y d ro p te r in s .  This work i s  concerned with 

e lu c id a t in g  the  redox p ro p er t ie s  o f  6 -MTHP which i s  the  pseudo co­

f a c to r  th a t  has the h ighest a c t i v i t y  when compared to  te trah y d ro b io p te r in .

Physical P ropert ies  o f  6 -MTHP and 6 -MDHP 

6 -MTHP ( ^ )  can e x i s t  in  monocationic, n e u t r a l ,  or anionic 

forms in  aqueous so lu t io n .  The reported  pK values are  shown below.

5.4
10.5

CH

IV

The numbering system fo r  p te r id in e s  which i s  in use cu r re n t ly  i s  a lso  

shown on s t ru c tu re  { ^ ) .  L i te ra tu re  values of the  u .v .  spec tra l  data 

fo r  6 -MTHP are  given in Table 1.^®

6 -MDHP (V) a lso  e x is t s  in  monocationic, n e u t ra l ,  o r  anionic 

forms in  aqueous so lu t io n s .  The pK̂  values reported  in the  l i t e r a t u r e  

are  shown on s t ru c tu re  (y^,56,57 y^ere is  some question about the 

value o f  the  basic  pK because o f  the  method used fo r  i t s  determ ination.
a

P f le id e re r  and Zondler have determined th e  basic pK  ̂ to  be 4.17 and 

they do not spec ify  which group i t  applies  to .^^  Later Whitley and
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H H

Hennekens reported  the basic  pK  ̂ as 3.2 (.determined spec trophotom etrica l ly )  

and suggested th a t  the  e a r l i e r  value was erroneous because i t  was done 

t i t r im e t r ic a l ly .^ ®  They t r i e d  to  d u p lica te  the experiment t i t r i -  

m e tr ic a l ly  but always had problems with p r e c ip i ta t io n  of 6 -MP from 

the  so lu tio n  changing the  apparent pK^. This pK  ̂ was t e n ta t iv e ly  

assigned to  the N(8 ) -p o s i t io n .  Spectra l data  fo r  6 -MDHP are  reported  

in Table 2.

6 -MP ( ^ )  has pK  ̂ values o f  2.8 and 8 .3  reported  in the 

l i t e r a t u r e . N o  assignments were made however. The values reported

VI
(0  CO

51
by Komenda are in c lo se  agreement with the  values above. Spectral 

data fo r  6 -MP are  l i s t e d  in  Table 3 .^ ^ ’^ '̂ I t  i s  a lso  reported  t h a t  

6 -MP ex h ib i ts  f luorescence a t  450 nm when excited  by ra d ia t io n  a t  

355 nm.GO
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Table 1

U.V. Spectral Data fo r  6 -MTHP

pH E lec tro ly te Charge 
on 6 -MTHP ^mx

1 . 0 0.1 N HCl + 265 16.0 X 10^

7.0 0.1 M PO^^- 0 303 9.5 X 10^

13.0 0.1 N NaOH

Table 2

297 7.5 X 10^

57U.V. Spectral Data fo r  6 -MDHP

pH E lec tro ly te Charge 
on 6 -MDHP

I  mole'"* cm'^

1 . 0 1 N HCl + 252 20.0 X 10^ (Ref.

1 . 0
__b + 252

(271)3
361

18.6 X lOq 
7.6 X 10^ 
5.1 X 10"̂

7.0 __b
0 229

279
324

25.7 X lo3 
10.5 X 10, 

5.6 X 10")

14.0 __b - 231
282
322

14.8 X 10^ 
7.9 X 10, 
5.8 X 10"̂

Parentheses in d ica te  th a t  an in f le c t io n  ra th e r  than a peak was ob- 
erved.

The so lu tion  components used to maintain the pH were not reported .
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Table 3 

U.V. Spectral Data fo r  6 -MP

- 1  - 1  ^
pH E lec tro ly te  Charge v /nm^ e „ , „ / £ m o l e "  cm’maA maAon 6 -MP

1.0 0.1 N HCl + 248 10.3 x 10^
324 8.2 X 10'^

13.0 0.1 N NaOH - 253 22.8 x 10^
365 7.5 X 10"̂

^^max  ̂ a re  estimated from published spec tra .



CHAPTER II  

RESULTS

I t  was noted th a t  both 6 -MTHP and 6 -MDHP were q u ite  s ta b le  

in a continuously deaerated s o lu t io n ,  although the  s u s c e p t ib i l i ty  to  

a i r  oxida tion  does increase  considerably  fo r  6 -MTHP as the pH inc reases .

Linear and Cyclic Sweep Voltammetry

pH s tudy . Between pH 2.0 and 11.0 6 -MTHP ex h ib its  up to  four 

voltammetric oxidation peaks a t  a p y ro ly t ic  g raph ite  e lec trode  (PGE) 

(Figure 9A). Peak IV, i s  very c lose  to  the  background discharge and
a

i s  thought to  be caused by the e lec tro o x id a t io n  of any 6 -MP which i s  

formed in the peak 1 1 ^ and I I I^  processes and w ill not be considered 

fu r th e r  here. However, fo r  the  sake o f  completeness i t  must be 

reported  th a t  once the p o s i t iv e  sweep in  c y c l ic  voltammetry passes 

through peak IVa, two add itiona l reduction  peaks are  observed, peak 

and VI^ in Figure 10. The following equations as well as Figure 

11 i l l u s t r a t e  the pH dependence o f  the peak p o te n t ia l ,  E^, fo r  the 

f i r s t  th ree  oxidation peaks o f  6 -MTHP a t  a sweep r a te  o f  5 mV s~^:

Peak Ig (pH 2-11): E  ̂ = [0 .32-0,056 pH]V*

*The equation fo r  the v a r ia t io n  o f  the  polarographic half-wave p o te n t ia l ,  
E i /2 ,  with pH fo r  the f i r s t  oxidation process was reported  by Asahi52 
to  be Ê  2  = [0.27-0.060 pH]V.
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Figure  9. L in e a r  sweep voltammograms o f  1 .0  mM 6 -MTHP a t  a PGE in  phos­
p h a te  b u f f e r ,  y=0.5 M a t  a sweep r a t e  o f  5 mV s - 1 .  (A)
pH 3 .0  and (B) pH 5 .6 .
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Figure 10. Cyclic voltammogram o f  1.0 mM 6 -MTHP in pH 3.0 phosphate 

b u ffe r  showing peaks and VI^. Sweep ra te :  200 mV s “ ^
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Peak II  (pH 2 -4 .6 ) :  E, = [0.42-0.055 pH]V a p

Peak I I I  (pH 3-11): = [0.73-0.051 pH]Va p

There are  no apparent breaks in the E  ̂ v£. pH p lo ts  a t  the PGE ind ica tin g

th a t  the oxida tion  process does not change d r a s t i c a l ly  in  the pH range

in v es t ig a ted .

For a re v e rs ib le  redox reac tion  the  slope of the  E  ̂ pH 

p lo t  is  -0.059 p/n V a t  25°,^^ where p is  th e  number of protons and 

n i s  the number o f  e lec tro n s  involved in the  e lec trode  process. I f  

the redox reac tio n  i s  i r r e v e r s ib le  the equation becomes more complex 

and the  slope i s  defined by Equation (1).^^

= ^

Here a i s  the e lec tron  t r a n s f e r  c o e f f i c ie n t  and n, i s  the  number of
a

e lec tro n s  involved in the r a te  l im it in g  reac tio n  a t  the  e lec tro d e .

Thus in a r e v e rs ib le  o r  q u a s i- re v e rs ib le  reac tio n  i f  the slope o f  the 

Ep vs. pH p lo t  i s  ca. 59 mV th i s  ind ica te s  t h a t  the number o f  e lec trons  

and protons involved in  the  e lec trode  process i s  equal.

I t  i s  c l e a r  th a t  th re e  voltammetric peaks are  observed below 

pH 4.6 with peak 11^ f a l l i n g  very c lose  to  peak 1^. Since peak 11^ 

is  so c lose  to  peak I i t  i s  d i f f i c u l t  to  measure the peak c u r re n t ,
a

ip .  However, i t  i s  q u ite  c l e a r  th a t  peak 11^ decreases in s ize  r e l a t iv e

to peak Ig and peak I I I^  as the  pH in c reases .  A ctually peak I I I^  a lso

increases in s iz e  r e l a t iv e  to  peak I and I I ,  with increasing  pH. This

behavior can be seen in  Figures 9A and B.

At a sweep r a te  o f  5 mV s~^ 6 -MDHP ex h ib i ts  a maximum of
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th ree  voltammetric peaks a t  the PGE whose peak p o te n t ia l s  correspond 

very c lo se ly  with peaks I I  , I I I  , and IV, of 6 -MTHP (Figure 12A).
a d  d

The pH dependence of the  peak p o te n t ia ls  fo r  peaks II  and I I I  is  

i l l u s t r a t e d  in  Figure 13 and described by the equations;

Peak II  (pH 2-5 .6 )  = [0,40-0.045 pH]V
a

Peak I I I  (pH 2-11) = [0.74-0.049 pH]V
G

Sim ilar to  the  r e s u l t s  fo r  6 -MTHP i t  can be seen th a t  with increasing  

pH peak I L  becomes inc reas in g ly  sm aller in s iz e  while peak I I I  grows 

p rogress ive ly  la rg e r  (Figure 12).

R e v e rs ib i l i ty  o f  peaks and 11^. A typ ica l  c y c l ic  voltammo-

gram is  presented in  Figure 14. On the  i n i t i a l  sweep towards p o s i t iv e  

p o te n t ia ls  voltammetric ox ida tion  peaks I , I I , , and I I I ,  may be
d  d  d

observed. When the  p o te n t ia l  sweep i s  reversed four voltammetric

reduction peaks are  formed. Peak I^ appears to  form a q u a s i- re v e rs ib le

couple with ox ida tion  peak 1^ (AEp = 37±7 mV between pH 2.0 and 5.7 a t

200 mV s"^ ) .  Reduction peak IV^ a lso  forms a q u a s i - re v e rs ib le  couple

with oxida tion  peak I I ,  a t  low pH ( aE_ = 31+4 mV a t  pH 2-3 a t  200 mVa p

S " ') .

The c r i t e r i a  which i s  used to  determine r e v e r s ib i l i t y  of an 

e lec trode  reac tio n  includes the  separa tion  o f  the peaks in the redox 

couple. A completely re v e rs ib le  system has a peak separa tion  of 59/n 

mV provided adsorption i s  not involved in the  e lec tro d e  process.

At l e a s t  a t  low pH the above redox systems f i t  t h i s  c r i t e r io n .  However
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Figure 14. Cyclic vol tammogram a t  the PGE of 1.0 tiM 6 -MTHP in pH 2.0 

phosphate b u ffe r .  Sweep r a te :  200 mV s '^ .
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a t  h igher pH the peak separation  increases  considerably from th a t  ex­

pected fo r  ideal r e v e rs ib le  behavior.

Another c r i t e r io n  fo r  complete chemical r e v e r s ib i l i t y  is  

th a t  the reverse  peak is  the same s iz e  as the i n i t i a l  peak, i . e . ,  no 

chemical follow-up reac tion  lowers the concentra tion  o f  the reducib le  

species a t  the e lec tro d e .  N either the peak I^ / I^  couple or the 11^/

IV^ couple meet th i s  c r i t e r io n .  At pH 5-6 the r a t i o  o f  the peak cu rren ts  

fo r  peak to peak is  a t  a minimum in d ica tin g  th a t  the i n i t i a l  

peak Ig product disappears in  a chemical follow-up reac tio n  most rap id ly  

a t  th i s  pH. Only a t  pH values above 7 or below 4 does the he igh t of 

peak approach th a t  o f  peak a t  r e l a t iv e ly  high sweep ra te s  (0 .5 -

1.0 V s " l ) .

The peak IL /IV ^  couple may be observed more c le a r ly  in cy c l ic
a  C

voltammetry of 6 -MDHP (Figure 15). I t s .b e h a v io r  appears to  be somewhat 

d i f f e r e n t  from th a t  of the peak couple. Reduction peak IV^ con­

s i s t s  o f  a sharp, well defined peak followed by a broad peak a t  very 

nearly  the same po ten tia l  as peak (Figure 15). At a sweep r a t e  of 

200 mV s~^ a t  pH 3.0 the area under both the sharp and the broad peak 

o f  IV^ i s  not nearly  as la rge  as the area under peak II  (Figure 15A).
C a

However, as the sweep r a te  is  increased to 1 V s '^  the combined area 

under both reduction peaks is  approximately equal to the area under 

peak I lg  (Figure 17B). This is  not e n t i r e ly  the r e s u l t  of peak IV^ be­

coming la rg e r ,  but r a th e r  a r e s u l t  o f  peak 1 1  ̂ decreasing in s iz e .

Thus i t  appears th a t  e lec tro o x id a tio n  a t  peak 11^ a lso  y ie ld s  an un­

s ta b le  in term ediate  which can undergo chemical rearrangement.

A q u a l i t a t iv e  idea o f  the s t a b i l i t y  of an in term ediate  species
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can be obtained from c y c l ic  voltammetric data by changing the  sweep 

r a t e .  Since cyc l ic  voltatranetry i s  performed in a q u ie t ,  u n s t i r re d  

so lu t io n  the product o f  the ox ida tion  process should remain in the 

v ic in i t y  o f  the  e lec trode .  However, i f  the  i n i t i a l  oxidation product 

rearranges  chemically to  a species which i s  nonreducible or reducib le  

a t  a d i f f e r e n t  p o te n t ia l  the  reverse  peak o f  the couple w ill  be 

sm alle r  a t  slow sweep ra te s  because more time has elapsed fo r  the 

chemical process to  occur. At high sweep r a te s  le s s  time w ill e lapse 

between the p o s i t iv e  and negative sweeps and more o f  the i n i t i a l  

ox ida tion  product w ill be a v a i la b le  fo r  reduction  in the reverse  process 

y ie ld in g  a la rg e r  peak. Thus i t  can be deduced th a t  the  species respon­

s ib le  fo r  reduction peak IV^ i s  not very s ta b le .

Concentration study o f  6 -MTHP. A study o f  the peak cu rren t 

a t  the  PGE vs. concentra tion  fo r  the  oxida tion  peaks of 6 -MTHP was 

done a t  both pH 3 and pH 7 a t  a sweep ra te  of 5 mV s ”^. pH 3 was 

chosen because oxidation peaks L , I L ,  and I I I ,  are  a l l  v i s ib le  a t
a  a  a

t h i s  pH. At pH 7 peak 11^ was no longer observed, th e re fo re  a con­

c e n tra t io n  study was a lso  done a t  th i s  pH to  compare the behavior with 

t h a t  a t  pH 3. This type o f  in v e s t ig a t io n  can give in s ig h t  in to  the 

type of process c o n tro l l in g  the  r a t e  of the  e lec trode  re a c t io n .  I f  

the  e lec tro d e  process i s  d if fu s io n  con tro l led  the  peak c u rren t  is  

d i r e c t ly  proportional to the  bulk concen tra tion  o f  the e le c t ro a c t iv e  

species  in the so lu t io n .  However, i f  the e le c t ro a c t iv e  compound is  

adsorbed on the e lec trode  surface  the peak cu rren t  wi l l  increase 

in a l in e a r  fashion only a t  low concen tra tion .  As the concentration
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of the  e le c t ro a c t iv e  material increases the surface  coverage of the 

e lec trode  w ill inc rease .  When the surface of the e lec trode  i s  completely 

covered the peak cu rren t  w ill not increase any more because no more 

m ateria l can reach the e lec trode  surface  to  be oxidized.

In pH 3.0 phosphate bu ffer  peak 11^ of 6 -MTHP was a c tu a l ly  

la rg e r  than peak 1  ̂ a t  concentra tions  below 0.5 mM (Figure ISA).

Above 0.5 mM peak 1^ was the la rg e s t  peak (Figure 9A) and f in a l ly  

completely obscured peak 11^ above c a . 5 mM (Figure 16B). We believe 

th i s  i s  a r e s u l t  o f  weak adsorption a t  the  PGE o f the species giving 

r i s e  to  peak II . Weak adsorption causes an enhancement o f  the peak
a

c u rren t  compared to  the d if fu s io n  con tro l led  case , p a r t i c u la r ly  a t  

low concentra tions  where adsorption cu rren t  makes a la rg e r  con tr ibu tion
go

to the  to ta l  peak cu r ren t .  This i s  fu r th e r  su b s tan tia ted  by com­

paring the peak cu rren t  concentra tion  dependence o f  peak 1 1 ^ with 

peak 111^ (Figure 17). At low concentrations (<ca^. 1 mM) the peak 

cu r ren t  fo r  peak II  i s  ca. twice the peak cu rren t  fo r  peak I I I  .
a  “ a

However, a t  5 mM 6 -MTHP the peak cu rren t  fo r  peak 11^ i s  ca. 9 pA 

while the  peak cu rren t fo r  peak I I I^  has increased to  ca .̂ 7 pA, Since 

the peak cu rren t vs. concentration  r e la t io n s h ip  fo r  peak I I I  is  per-
a

f e c t ly  l in e a r  then the peak cu rren t  vs. concentra tion  behavior fo r
go

peak I lg  must dev ia te  somewhat from l i n e a r i t y  because of adsorp tion .

The peak cu r re n t  v s . concentration dependence fo r  peak I I I^  is  per­

f e c t ly  l in e a r  in d ica tin g  d if fu s io n  control of th i s  e lec trode  process. 

Figure 18 i l l u s t r a t e s  the peak cu rren t v£. concentration 

behavior fo r  peak 1^ of 6 -MTHP. I t  i s  l in e a r  to  a t  l e a s t  10 mM 

in d ica tin g  th a t  6 -MTHP apparently  is  not adsorbed a t  the  PGE. A
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Study of the  peak cu rren t v£. concentration re la t io n sh ip  of the v o l t -  

anmietric oxidation peaks of 6 -MTHP a t  pH 7 indicated  th a t  the adsorption 

c h a r a c te r i s t i c s  were id en tica l  to  th a t  observed a t  pH 3. Peak I and
a

I l l g  exh ib ited  completely l in e a r  peak curren t concentration curves 

to  10 mM. However, peak 11^ is  not observed a t  any concentration of 

6 -MTHP a t  pH 7.

Concentration study of 6 -MDHP. The peak cu rren t concen­

t r a t io n  re la t io n sh ip  fo r  the oxidation peaks of 6 -MDHP was also inves­

t ig a te d  using a sweep r a te  o f  5 mV s '^ .  At pH 3 the i^  concentration 

re la t io n s h ip  fo r  peak II  rap id ly  approaches a l im it in g  value a t  about 

0.5 mM (Figure T9). I t  i s  obvious th a t  the species responsible for 

the f i r s t  oxidation peak of 6 -MDHP is  qu ite  s trongly  adsorbed a t  a 

PGE. Once again the  peak cu rren t fo r  peak I 11^ i s  completely l in e a r  

with inc reasing  6 -MDHP concentration to  the highest concentration in ­

v e s t ig a te d ,  0.75 mM. The l im it  of s o lu b i l i ty  fo r  6 -MDHP was found 

to  be ca. 1.8 mM (see discussion on p . 106). The 6 -MDHP stock solution 

was made up on d i s t i l l e d  water and d ilu ted  1 : 1  with phosphate bu ffe r ,  

y = 1.0 M, in the voltammetric c e l l .  Therefore to  obtain a f ina l 

6 -MDHP concentration of 0.75 mM the stock so lu tion  must have a 6 -MDHP 

concentra tion  of 1.5 mM which i s  safe ly  within the  s o lu b i l i ty  l im it  

of 6 -MDHP. The l in e a r  peak curren t v£. concentration behavior of 

peak I I L  supports the view th a t  the species responsible  fo r  peak
a

I I I  i s  not adsorbed a t  a PGE. The behavior a t  pH 7 is  completely 

analogous to  th a t  observed a t  pH 3.

Sweep r a te  study of 6 -MTHP. Varying the sweep ra te  in a
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cyc l ic  voltatranetric experiment can be used to  obta in  another piece of

data fo r  determining whether an e lec troox ida tion  process is  d if fu s ion

or adsorption co n tro l led .  Once again as in a concentration study the

measured experimental parameter is  the peak cu rren t .  From th i s  one
1 / 2can ca lc u la te  the peak cu rren t function , ip/C^v ,* where i^  is  

the peak cu rren t in  yA, is  the bulk so lu tion  concentration  of 

e le c t ro a c t iv e  species in mmoles/s, and v i s  the sweep r a t e  in V s " \

A peak cu rren t  function which increases with increasing  sweep ra te  

i s  in d ica t iv e  of strong adsorption of the re a c ta n t .  I f  the process 

is  under d if fu s io n  control the peak cu rren t function should remain

constan t as the  sweep r a te  is  varied .

In Figure 20 is  i l l u s t r a t e d  the dependence of the  peak cu rren t 

functions fo r  the various oxidation peaks of 6 -MTHP on the square 

roo t o f  the sweep ra te .  At pH 3.0 the peak c u rren t  function fo r  peak 

I i s  observed to  increase rap id ly  to  about 5 V s"^ where i t  remains 

constan t .  The peak cu rren t function fo r  peak 11^ decreases rap id ly  

u n ti l  peak I L  disappears above 100 mV s~^. The peak cu rren t  function 

fo r  peak I I L  increases slowly throughout the sweep r a te  range, but
a

the r e la t iv e  change is  small compared to  the change in the  peak curren t 

function fo r  peak 1^ with increasing sweep r a te .  I f  the  i n i t i a l  6 -MTHP 

so lu tion  does not have any 6 -MDHP in i t ,  peak I I I^  a lso  disappears a t  

a sweep r a te  of 10 V s“\  The disappearance of both peaks 11^ and III^

ind ica te s  they are  the r e s u l t  of species formed from the  i n i t i a l  peak

*This i s  an abbreviated peak cu rren t function . The actual function 
is  ip/CgAvl/Z. However A, which i s  the area o f  the e lec tro d e ,  must 
remain constant throughout the experiments.
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I e lec troox ida tion  product. The f a c t  th a t  peak I I I  appears a t  a l l
a  a

sweep r a te s  in Figure 20 i s  a r e s u l t  o f  the d i f f i c u l t y  in preparing 

6 -MTHP solu tions  which do not have some small amount o f  6 -MDHP in 

them from a i r  oxidation p r io r  to  performing the voltammetric experiment.

From these data i t  appears th a t  in s p i te  o f  the  concentration 

study fo r  6 -MTHP a t  pH 3 (vide supra) ,  which in d ica te s  d if fu s io n  con­

t r o l ,  peak Ig does have a s ig n i f i c a n t  adsorption component. Peak

II decreases rap id ly  in  s iz e  with increasing  sweep r a te  which is  

ind ica ted  by the decreasing peak cu r re n t  function . Nothing can r e a l ly  

be s ta te d  about the adsorption of the  species responsib le  fo r  peak

I I  from the  data fo r  6 -MTHP. However, much more information was ob­

ta ined  about peak I I .  from the  sweep r a te  study o f  6 -MDHP (vide in f r a ) .
a  ' — —

The r e la t iv e ly  constan t value of the  peak cu rren t  function  fo r  peak

I I I  ind ica te s  only a small amount o f  adsorp tion .
a

Sweep r a te  study of 6 -MDHP. Very l i t t l e  information is  

gained about peak 11^ in the  sweep r a te  study of 6 -MTHP, but much more 

information is  obtained when the voltammetry o f  6 -MDHP is  examined 

over a range of sweep r a te s .  A sweep r a te  study was performed a t  

pH 3.0 to  compare with the sweep r a te  study o f  6 -MTHP. At sweep ra te s  

below 50 mV s"^ only peaks I I  and I I I  a re  observed (Figure 21A). 

Between 50 and 100 mV s”  ̂ another oxidation peak, peak I I I ^ ,  begins 

to  grow in a t  a po ten tia l  between peaks 11^ and I I I ^ ,  With increasing 

sweep r a te  peak I I I '  continues to  grow and peak I I I  e s s e n t i a l ly  d i s ­

appears (Figure 158). The peak cu rren t  function fo r  peak I I I^  in ­

creases  very rap id ly  with sweep r a te  while th a t  fo r  peak 1 1 ^ decreases
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(Figure 22). This behavior could be ind ica tive  of an equilibrium be­

tween the  species responsible fo r  peaks 11^ and However, i t

i s  a lso  apparent th a t  the peak cu rren t function fo r  peak I 1 1 ^ continues 

to  increase a f t e r  th a t  fo r  peak 1 1 ^ has reached a constant minimum value. 

At sweep ra te s  below 50 mV s '^  where peak I 11^ cannot be observed, peak 

I I I  a lso  increases in height r e l a t iv e  to  peak II  with increasing sweep 

r a te s .  This suggests th a t  peaks I I I  and I I I '  might be due to  e le c t ro ­

oxidation of the same species but th a t  peak I I I '  i s  an adsorption pre­

peak o f  peak I I I  .
Q

Further evidence th a t  peak I I I '  is  an adsorption prepeak is

i t s  peak cu rren t behavior as a function of sweep r a te .  A d iffus ion

con tro lled  peak exh ib its  a l in e a r  re la t io n sh ip  between peak cu rren t

64
and the  square roo t of the  sweep r a te .  The curren t fo r  peak I 11^

increases  f a s t e r  with sweep r a te  than the cu rren t does fo r  a d iffu s ion

con tro lled  peak. In f a c t  the peak cu rren t fo r  peak I 11^ i s  d i r e c t ly

proportional to  the sweep r a te  (Figure 23). Thus i t  d e f in i te ly  appears
64th a t  peak I 1 1 ^ i s  indeed an adsorption peak.

Reduction peaks of 6 -MTHP and 6 -MDHP. Reduction peaks IV^

and I^ of 6 -MTHP have already been discussed above. Reduction peaks

11^ and I I I ^  are  seen in  Figure 14. These peaks have already been
25 49 51examined using cyclic  voltammetry by Kwee and Lund. ’ Komenda 

52and Asahi have independently studied the reduction peaks of 6 -MP

pola rograph ica lly .  They proposed th a t  6 -MP is  reduced in the peak

11^ process to  6 -methyl- 5 , 8 -d ihydropterin  (6-M-5,8-DHP) which is  

very unstable  and rapid ly  rearranges to  6 -MDHP. 6-M-5,8-DHP can 

be reoxidized in a q u as i- rev e rs ib le  reac tion  back to  6 -MP a t  peak V
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pc
(Figure 24). Kwee and Lund reported th a t  the 6-M-5,8-DHP was f a i r l y

s tab le  because the  reverse  peak was qu ite  la rge .  Our work shows th a t

in phosphate buffer reverse peak is  qu ite  small even a t  high pH

ind ica tin g  th a t  the chemical follow-up reac tion  is  f a s t .  The sweep

r a te  employed (200 mV s"^) was the same as th a t  employed by Kwee and 
25Lund. Perhaps th i s  anomaly is  a r e s u l t  o f  Kwee and Lund using a

d i f f e r e n t  bu ffe r ,  bora te ,  compared to  our work in phosphate buffers .

In order to  observe reduction peak I I I^  in the cyc lic  v o l t -

ammetry o f  6 -MTHP i t  i s  necessary to  scan only oxidation peak I

a t  sweep ra te s  <2 V s"^. On the reverse sweep peak is  observed

and c lose  to  the background discharge peak I I I^  is  observed. As the

sweep r a te  is  decreased the height of peak decreases and the height

of peak I I I^  inc reases .  This c le a r ly  ind ica tes  th a t  the i n i t i a l

peak Ig oxidation product which i s  responsib le  fo r  peak rearranges

to another species which is  responsib le  fo r  peak I I I ^ .  Peak I I I^

is  a lso  observed on the f i r s t  negative sweep in the cyc l ic  voltammetry

of 5-MDHP. This implies th a t  the i n i t i a l  peak I oxidation product

rearranges to  6 -MDHP. Reduction peak 11^ is  observed only a f t e r

sweeping oxidation peaks 11^, I I I ^ ,  or I I I ^ .  This reduction process
51 52was observed in the  polarographic in v e s t ig a t io n  of 6 -MP. ’ The

im plication i s ,  th e re fo re ,  th a t  6 -MDHP i s  e lectroox id ized  via the 

l a t t e r  peaks ( I I , , I I I ' ,  o r  I I I  ) to  6 -MP.
u a  a

The pH dependence o f  reduction peaks 11^ and I 11^ a t  the 

PGE a t  a sweep r a te  of 5 mV s"^ i s  given by:
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*Peak 11^ (pH 2 .0 -11 .0 ) :  = [-0 .21-0.070 pHjV

-Peak I I I^  (pH 2 .0 -8 .0 ) :  = [-0 .88-0 .065 pH]V

Coulometn'c Studies

Coulometry of 6 -MTHP. Most con tro l led  po ten tia l  e lec tro ly se s  

of 6 -MTHP were ca r r ied  out in a th in - la y e r  spectroelectrochemical ce l l  

with a r e t i c u la te d  v itreous  carbon working e lec trode .  The th in - la y e r  

c e l l  was sealed to  prevent any oxidation o f  the  t e s t  so lu tion  by atmos­

pheric oxygen. For a complete desc r ip t ion  o f  the ce l l  see the Experi­

mental Chapter. n-Values fo r  the oxidation processes were ca lcu la ted  

by graphical in teg ra tio n  o f  cu rren t  y^. time curves.

E lectrooxidation  of 6 -MTHP a t  peak I revealed th a t  1.9±0.1ea —

per molecule were t ra n s fe r re d  in the pH range 3-10 (Table 4 ) .  The

p o te n t ia ls  applied in such s tud ies  were determined from l in e a r  sweep

voltammograms in the RVC th in - la y e r  ce l l  a t  a sweep r a te  of 5 mV s ”^ .

A typ ica l  voltammogram in the  th in - la y e r  c e l l  i s  presented in Figure 

25A. Note the  broadness of the voltammetric peaks in the  th in - la y e r  

c e l l  and the absence o f  peak 11^ in the i n i t i a l  sweep. The po ten tia l 

o f  peak Ig is  sh if te d  C£. 200 mV pos it ive  o f  the peak po ten tia l  a t  

the same pH a t  the PGE m icroelectrode. P ar t  of th i s  d if fe rence

*Komenda reported  Ei / 2  (pH 0-12) = [-0 .15-0.075 pH]V. Asahi r e ­
ported E]/2 (pH <9) = ‘[-0 .25-0.070 pHjV. These values are given fo r  
comparison only.

“Komenda's value fo r  peak I I Ic  was E] / 2  (pH 4-8) = [-0.90-0.063 pH]V 
and Ei / 2  (pH >9) = [-0 .82-0.032 pH]V. Asahi reported E] / 2  = [-0 .93-
0.064 pH]V, no pH range given.
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Table 4

Coulometn'c in-values Observed Upon E lec tro ly s is  of 6 -MTHP a t  Peak

I and Peak I I I  Potentials®
a a

pH*" 0.1 mM 6 -MTHP 1.0 mM 6 -MTHP

Peak I ^
a

Peak I I I  ^
a

Peak I ^ Peak I I I  ^

3.1 1.4 1.9 1.7 1.9

4.0 1 . 8 2 . 1 1 . 8 1.9

4.6 1.5 1 . 8 1.9 1.5

5.6 2 . 2 2 . 1 2 . 0 1.4

6 . 0 2 . 0 2 , 1 1 . 8 1.7

7.0 1.9 1 . 8 1.9 1 . 8

8 . 1 1.9 1 . 8 1 . 8 1 . 8

9.3 1.3 1.9 1.9 1.7

9.9 1.3 1.3 - -

®Data obtained using a th in - la y e r  ce l l contain ing a RVC elec trode .

^Phosphate bu ffe rs  with an ionic s treng th  o f  0.5 M.

^Poten tia l applied  corresponds to  the  r is in g  portion of peak I to  
minimize in te r fe ren ce  from peak II  .

a

^^Electrolysis a t  peak I I I  was done a f t e r  exhaustive e le c t ro ly s i s  a t  
peak I .

a
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Figure 25. Linear sweep vo ltammogram o f  1.0 mM 6 -MTHP in pH 3.0 phos­
phate bu ffer  in the RVC th in - la y e r  c e l l .  Sweep r a te  was 
5 mV s-1 . (A) Fresh so lu tion  and (B) so lu tio n  depleted
by running one voltammogram.
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is  the r e s u l t  of using a s i lv e r - s i lv e r  chloride  reference electrode 

(SSCE) (when f i l l e d  with 1 M KCl) instead of a SCE since p o ten tia ls  

reported  SSCE w ill be 14 mV pos it ive  of those reported vs. SCE.®^

However, the bulk o f  th i s  d if fe rence  can be a t t r ib u te d  to  the IR drop

in the c e l l .

Below pH 6  the po ten tia l  used fo r  the e le c t ro ly s i s  of peak 

i s  c r i t i c a l l y  important because i t  must not be f a r  enough positive  

to  oxidize 6 -MTHP in the peak II  process. This was accomplished by
a

s e t t in g  the po ten tia l  on the r is in g  portion of peak 1 ^ a t  c^. Epyg»

i . e . ,  the po ten tia l where the cu rren t is  one-half of the peak cu rren t .  

The ra t io n a le  fo r  th i s  was determined by running a voltammogram in 

the th in - la y e r  ce l l  a f t e r  p a r t i a l  oxidation of 6 -MTHP (Figure 25B). 

Since the curren t decreases during the e le c t ro ly s i s  the IR drop 

must a lso  decrease. This i s  apparent in Figure 25B where i t  can be 

observed th a t  the po ten tia l  fo r  peak I has sh if te d  much more negative

and th a t  peak 1 1 ^ is  now observed a t  câ . the same peak po ten tia l  as

peak Ig in a fresh  6 -MTHP so lu tio n .  I f  the po ten tia l  is  s e t  a t  Epyg 

r e la t iv e ly  l i t t l e  of the peak 1 1 ^ oxidation process will occur.

After complete oxidation of 6 -MTHP a t  peak 1^ p o te n tia ls  the 

po ten tia l  was s e t  a t  peak I I I^ .  Oxidation a t  th i s  po ten tia l  resu lted  

in the t r a n s fe r  of an additional 1.8±0.2e per molecule (see Table 4). 

E lec tro ly s is  of 6 -MTHP a t  peak 11^ p o te n tia ls  a f t e r  e lectroox idation  

a t  peak I^ a lso  resu lted  in the t r a n s fe r  of 1.8±0.3e per molecule and 

l in e a r  sweep voltammetry a f t e r  the e le c t ro ly s i s  showed th a t  peak I 1 1 ^ 

was a lso  eliminated.

A so lu tion  containing 5 mM 6 -MTHP a t  pH 7.0 was also  oxidized
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in the th in - la y e r  ce ll  to determine i f  there were any changes in the 

n -values as a r e s u l t  o f  increasing the 6 -MTHP concentration. Oxidation 

a t  peak involved the t r a n s fe r  of 2 ±0 . 2 e_ and oxidation a t  peak I I I^  

p o te n t ia ls  involved the t r a n s fe r  o f  an add itional O.StO.le per molecule. 

This value is  very low in l i g h t  o f  the r e s u l t s  a t  0.1 mM and 1.0 nM. 

However, there is  a reasonable explanation fo r  th i s  observation. 6 -MDHP, 

which is  formed when the quinonoid from oxidation a t  peak rearranges, 

is  qu ite  in so lub le .  The l im i t  o f  s o lu b i l i ty  determined from u .v . absorb­

ance data (pH 7.0 , E^Q^=25.7 x 10^ a t  229 nm) on a sa tu ra ted  so lu tion  

of 6 -MDHP was found to be ca_. 1.8 mM. On close observation i t  could be 

seen th a t  a yellow p re c ip i ta te  o f  6 -MDHP was s e t t l in g  out o f  so lu tion ,  

e f f e c t iv e ly  removing i t  from the v ic in i ty  of the RVC working e lec trode . 

Therefore the amount o f  6 -MDHP which was oxidized was only th a t  which 

remained in so lu tio n .  I f  the amount o f  6 -MDHP remaining in so lu tion  

had been 1.8 mM then the n^value would have been 2 .2 .

Coulometry of 6 -MDHP. Coulometry was also  performed on a 

0.5 mM so lu tion  of 6 -MDHP a t  pH 2 and 3 in a three  compartment e lec ­

t r o ly s i s  ce l l  using a la rge  PGE working e lec trode . The working e lec ­

trode compartment o f  the e l e c t ro ly s i s  ce l l  was la rge  enough to hold 

a t  l e a s t  25 ml o f  so lu t io n .  E lectro lyses  were ca r r ied  out a t  poten­

t i a l s  corresponding to peaks 1 1 ^, I I I ^ ,  and p o s it iv e  of peak I I I^ .  

E lec tro lyses  were ca rr ied  out in the la rge  scale  ce l l  instead of the 

th in - la y e r  c e l l  so th a t  a l iq u o ts  could be removed fo r  analysis  by 

HPLC. Results are  given in Table 5. In every instance i t  can be 

seen th a t  1.8±G.2e per molecule are t ran s fe r red  in the oxidation
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Table 5

Coulometric ir-Values Observed Upon E lec tro ly s is  o f  0.5 

mM 6 -MDHP a t  Peak II  and Peak I I I ,  Potentials®
“  a  a

pH Applied Potential/V  ivvalue
vs. SCE

2.0 0.45 (peak I I J  1.6
a

0.60 (peak I I I , ) ^  1 . 8
a

0.85 (+ o f  peak I l l g )  1.8

3.0 0.40 (peak I I J  1.8

0.60 (peak I I I , ) ^  2 . 0a

®Data obtained using a la rge  PGE working e lec trode  in a th ree  compartment 
c e l l .

^Phosphate buffers  with an ion ic  s treng th  of 0.5 

^Poten tia l corresponds to  an average of peaks I I I ,  and I I I ' .

process. The f a c t  th a t  e l e c t ro ly s i s  o f  6 -MDHP a t  peak 11^ once again 

causes elim ination of peak I I I  lends fu r th e r  support to  the view 

th a t  the species responsib le  fo r  these  peaks are  in  some s o r t  of 

equilibrium .

Analysis of S ta r t in g  Material and E lec tro ly s is  Products

HPLC a n a ly s is . One of the techniques used to  determine the 

products o f  the e lec troox ida tion  of 6 -MDHP and 6 -MTHP was high per­

formance l iq u id  chromatography (HPLC). The reason th a t  HPLC analysis
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was so useful was the f a c t  th a t  Bailey and Ayling had worked out a suc- 

cesful procedure fo r  separating  and analyzing a number of te trahydro- 

p t e r in s ,  d ihydrop terins ,  and p te r in s  including 6 -MTHP, 6 -MDHP, and 6 -MP 

(see the  Experimental Chapter fo r  de ta i ls ) .^®  The HPLC analysis  of the 

e l e c t r o ly s i s  products from peak I oxidations and peaks I I  or I I I
a  a  a

oxida tions of 6 -MTHP displayed only peaks which could be assigned to 

6 -MDHP or 6 -MP, re sp ec t iv e ly .

In the ea r ly  HPLC experiments a number of 6 -MTHP so lu tions  a t  

d i f f e r e n t  pH values were analyzed and i t  was determined th a t  as much as 

30-35% of the 6 -MTHP was already  oxidized p r io r  to  voltammetry or coulo­

metry. The reason these  so lu tions  were analyzed was to  determine a 

co rrec t io n  fa c to r  fo r  the  observed ji-values obtained in the th in - la y e r  

e l e c t r o ly s i s  ce l l  to  account fo r  atmospheric oxidation p r io r  to  in t r o ­

duction in to  the c e l l .  When these  co rrec tions  were applied fo r  the 

f r a c t io n  o f  6 -MTHP which was a lready oxid ized , some of the ni-values c a l ­

cu la ted  were close to  3. However, a l a t e r  repo rt  by Bailey and 
12Ayling helped to  c le a r  up th i s  problem. Apparently, te trahydro ­

p te r in s  can be oxidized on the p a r t i s i l  SCX column employed even i f  

the e luan t  buffer i s  deaerated by bubbling with w ater-sa tu ra ted  

n itrogen . This is  t ru e  i f  the column has ever been used with an 

e lu an t  containing oxygen. There i s  always some residual oxygen on 

the column which causes the oxida tion  o f  the te trah y d ro p te rin  species. 

The so lu tion  to  th i s  problem i s  to  in j e c t  a f a i r l y  concentrated 

so lu tio n  of a reducing agent such as sodium d i th io n i te  to reduce any 

oxygen trapped on the column. Some typ ica l r e s u l t s  of the d ifference  

in the  apparent amount of oxidized components in a 6 -MTHP so lu tion



109

Table 6

Fraction of 6 -MP and 6 -MDHP Found in 6 -MTHP Solutions 

U ti l iz in g  a High Performance Chromatographic Method®

pH*" 6 -MTHP
conc./mM

# of in j . 6 -MTHP
%

6 -MDHP
%

6 -MP
%

3.0 1.05 1 97.2 2 . 8 t rac e

4.6 0 . 1 0 1 2 96.2C67)C 3.3[26)C 0.5C7}^

5.6 1 . 0 2 4 97.1 1.9 0,9

5.8 0.109 2 95.7(70)C 3.9(22)C Q.4C8l^

7.0 0 . 1 1 1 2 92.0 7,4 0 . 6

7.0 1 . 0 2 1 90.5 8 . 0 1,4

8 . 1 0.104 1 87.1(69)^ 11.5(271^ 1,5(41^

9.9 0.107 1 83.2 11.3 5.8

According to  Bailey and Ayling except the bu ffe r  used as solvent 
was pH 6.1 phosphate with an ion ic  s treng th  o f  0.1 M. Column cleanup 
used sodium d i th io n i t e . 1 2

^pH of the  6 -MTHP so lu t io n ,  phosphate bu ffer  y=0.5.

^Values in parentheses are  rep re sen ta t iv e  values when sodium d ith io n a te  
was not used, shown fo r  comparison.
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before and a f t e r  d i th io n i te  in jec tio n  are  seen in Figure 25A and B. 

Table 6  shows some rep resen ta tive  re s u l t s  o f  analyses of a number 

of 6 -MTHP so lu tions  a f t e r  d i th io n i te  cleanup of the  column. HPLC 

analyses s im ila r  to  these were used to determine the correction  

fac to rs  th a t  were applied to observed revalues to a r r iv e  a t  the re­

values reported in Table 4.

Peak areas on HPLC chromatograms were ca lcu la ted  using the 

method reported in Willard, M err it t  and Dean.^^ Since some of the 

peaks were qu ite  asymmetrical, the method used was to  measure the 

width a t  0.15 x height and 0.85 x he igh t,  taking the  average of 

these  and multiplying by the height of the peak (Figure 27).

Taking in to  account the f a c t  th a t  6 -MTHP, 6 -MDHP, and 6 -MP a l l  have 

d i f f e r e n t  molar a b s o rp t iv i t ie s  in the pH 6.1 phosphate e lu ting  

buffer when monitored a t  254 nm, another co rrec tion  was applied to  

a r r iv e  a t  the percentages of each component in the t e s t  so lu tion .

U.v. a n a ly s is . Spectra o f  the e l e c t ro ly s i s  products o f  6 -MTHP 

were obtained a f t e r  complete e le c t ro ly s i s  a t  peak p o te n tia ls  in 

the RVC th in - la y e r  c e l l .  At pH 7, fo r  example, the  spectrum a f t e r  

complete e le c t ro ly s i s  shows th ree  peaks a t  wavelengths of 228 nm,

279 nm, and 324 nm. This spectrum corresponds exac tly  with th a t  

reported in the l i t e r a t u r e  fo r  6 -MDHP^  ̂ and d i f f e r s  g rea t ly  from th a t  

of the s ta r t in g  m a te r ia l ,  6 -MTHP = 302 nm and 218 nm a t  pH >7). 

Throughout the pH range s tud ied , the spectrum of the  e le c t ro ly s i s  

product of peak oxidation of 6 -MTHP corresponded to  the reported 

spectra  fo r  the expected species of 6 -MDHP a t  t h a t  pH.
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Figure  26. HPLC chromatogram o f  0 .1  mM 6 -MTHP in  pH 5 .6  phosphate  b u f f e r
vi=0.5 Mo E lu an t  was pH 6 .1  phosphate  b u f f e r ,  y=0.1 M. Flow
r a t e  was 0 .8 3  ml m i n . ' l  (A) b e fo re  i n j e c t i o n  o f  sodium d i t h i ­
o n i t e  (B) a f t e r  i n j e c t i o n  o f  10 p i o f  1 .0  M sodium d i t h i o n i t e .
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Figure 27. Method used fo r  determining peak area.
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When 6 -MDHP was e lec tro lyzed  a t  p o te n t ia ls  corresponding to 

peaks I lg ,  I l l g ,  and p o s i t iv e  o f  peak I I I ^ ,  the u .v . spectrum of the 

product was found to  be th a t  of 6 -MP. For example, the spectrum of 

6 -MDHP a t  pH 2.0 exh ib its  peaks a t  207 nm, 249 nm, 270 nm, and 359 

nm c lo se ly  matching the reported spectrum fo r  the  ca t io n ic  form of 

6 -MP^^ (Figure 28A,B). The product of the  oxidation exh ib ited  u.v. 

peaks a t  210 nm, 243 nm, and 321 nm, with an in f le c t io n  a t  275 nm 

(Figure 28A,B,C), c lo se ly  matching the l i t e r a t u r e  values fo r
GO

6 -MP of 247 nm and 325 nm a t  pH 1.

Thin-layer Spectroelectrochem istry  of 6 -MTHP

Since the cyc l ic  voltammetry o f  6 -MTHP in d ica te s  th a t  the 

i n i t i a l  peak I oxidation product (which is  responsib le  fo r  peak I )
a  C

i s  unstable and appears to  decompose to  6 -MDHP i t  was f e l t  th a t  more 

information on th i s  process could be obtained using th in - la y e r  spectro ­

el ectrochemi s t r y .  6 -MTHP is  q u ite  a i r - s e n s i t i v e ,  p a r t ic u la r ly  a t  

higher pH, th e re fo re  i t  was necessary to  design a th in - la y e r  ce l l  

which could exclude atmospheric oxygen. Complete d e ta i l s  of the 

design and construc tion  are given in the Experimental Chapter.

Spectral changes. The spectrum of the  c a t io n ic  form 

of 6 -MTHP a t  pH 3.1 in the th in - la y e r  ce l l  is  shown in curve 1 of 

Figure 29 and ex h ib its  peaks a t  212 nm and 264 nm. There i s  a lso  

a small broad band centered around 326 nm which is  a r e s u l t  of 

p a r t i a l  a i r  oxidation o f  6 -MTHP p r io r  to  in troduction  in to  the th in -  

layer  c e l l .  The p o ten tia l  fo r  oxidation of peak was once again deter-
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Figure 28. U.v. sp ec tra  of 0,5 mM 6 -MDHP in pH 2.0 phosphate buffer  
in 1 mm quartz  c e l l s .  (A) during e l e c t ro ly s i s  a t  peak I lg  
p o te n t ia ls  (0.35V), (.8 ) before and a f t e r  e le c t ro ly s i s  a t  
peak I l l g  p o te n t ia ls  (0.60V), and (C) a f t e r  e l e c t ro ly s i s  
a t  a p o te n t ia l  pos it iv e  of peak I l l g  (0.85V).
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Figure 29. Spectrum of 0.5 mM 6 -MTHP e lec tro ly z in g  a t  0.37V a t  a RVC 
e lec trode  in  a th in - la y e r  ce l l  in phosphate b u f fe r  pH 3.1. 
Curve 1 is  the spectrum o f  6 -MTHP before e l e c t r o ly s i s .
Curve 2 is  the spectrum a f t e r  20s e l e c t r o l y s i s .  The poten- 
was turned o f f  immediately p r io r  to  curve 2. Curve 3 i s  the 
spectrum a f t e r  complete decay of the in term edia te .  Repeti­
t iv e  scans between curves 2 and 3 are 19s in duration .
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mined by running a l in e a r  sweep voltammogram in the th in - la y e r  c e l l .  

Immediately a f t e r  e lec tro o x id a t io n ,  a t  a po ten tia l  corresponding 

to  ca. Epyg of peak 1 ^, fo r  2 0 s the working e lec trode  was open- 

c i rc u i te d  and the spectrum of curve 2 in Figure 29 was recorded.

A decrease is  seen in both u .v . peaks of the spectrum fo r  6 -MTHP and 

a su b s tan tia l  increase  i s  noted in the wavelength region g rea te r  than 

300 nm with a peak maximum near 328 nm. The spectrum continues to 

change fo r  a considerable period o f  time a f t e r  term ination of the 

e le c t ro ly s i s  (ca. 15 min.) with the most no ticeab le  d iffe rence  being 

the growth o f  a peak a t  250 nm. Other changes noted were a small 

increase  in the absorbance o f  the peak a t  2 1 2  nm and a s h i f t  in the 

long wavelength peak to  ca. 340 nm. Curve 3 of Figure 29 is  the 

spectrum a f t e r  complete decay of the in term ediate  spec ies.  I t  has 

absorbance maxima a t  212 nm, 250 nm, and 340 nm, with an in f le c t io n  

a t  268 nm. This compares favorably with the l i t e r a t u r e  values r e ­

ported fo r  the ca t io n ic  species of 6 -MDHP with = 250 nm, 271 

nm ( in f l e c t io n ) ,  and" 361 nm.^^ The d iffe rence  in the long wavelength 

peak (340 nm observed, 361 nm reported) of 6 -MDHP is  probably a r e s u l t  

of the f a c t  th a t  the  pH of the  so lu tion  i s  3.1 which i s  very close 

to  the pKg (3.2) fo r  6 -MDHP. Neutral 6 -MDHP has a long wavelength 

peak a t  324 nm. Thus near the pK̂  the re  is  nearly  equal q u a n t i t ie s  

of protonated and non-protonated species y ie ld in g  a composite spectrum 

with a maximum somewhere between 361 nm and 325 nm. The peak observed 

in curve 2 of Figure 20 a t  328 nm must be la rge ly  c h a ra c te r i s t i c  of 

the interm ediate spec ies .

Above about pH 4 the  spec tra l  changes observed upon e le c t ro -
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oxidation of 6 -MTHP were somewhat d i f f e r e n t  because the f in a l  product, 

6 -MDHP, now e x is t s  as a neutra l spec ies .  For example, a t  pH 4.6 the

spec tra l  changes can be seen in Figure 30. Curve 1 in Figure 30 is

the spectrum of  the ca tion  o f  6 -MTHP and i s  id e n tica l  to  curve 1 of 

Figure 29. Curve 2 of Figure 30 i s  a f t e r  v i r t u a l l y  complete e l e c t ro ly s i s  

of 6 -MTHP a t  peak I and ex h ib its  bands a t  = 218 nm, 268 nm,
a  fnaX

and 325 nm. A fter the working RVC e lec trode  was open-c ircu ited  a t  

curve 2  the spectrum continued to  change as the  in term ediate  rearranged. 

The absorbance increased in the  range from 220 nm to 260 nm as well 

as in the  wavelength region above 330 nm. Especially  c h a r a c te r i s t i c  

was the  peak growing in a t  274 nm. The f in a l  product exh ib ited  u.v . 

peaks a t  226 nm, 274 nm, and 324 nm (curve 3, Figure 20) which com­

pared well with the l i t e r a t u r e  values fo r  6 -MDHP of 229 nm, 279 nm, 

and 324 nm.^^ There i s  no fea tu re  of the  spectrum shown in curve 2 

which can be d i r e c t ly  a t t r ib u te d  to  the  in term ediate  spec ies .

Above pH 7 the  species oxidized a t  peak i s  neutra l 6 -MTHP

which has u .v . bands a t  218 nm and 302 nm (curve 1, Figure 31). Since

the observed spec tra l  changes a re  the same throughout the range from 

pH 7 to  10 a typ ica l example a t  pH 9.1 i s  shown. A shoulder a t  

c a . 280 nm is  observed in some spec tra  of 6 -MTHP which i s  a c tu a l ly  

due to p a r t i a l  a i r  oxidation to  6 -MDHP. Upon i n i t i a t i n g  the e le c t ro ly s i s  

a t  peak I p o te n t ia l s ,  both u .v . peaks o f  6 -MTHP decrease and thea
absorbance above 320 nm increased. A fter  80s e lec tro o x id a tio n  the 

spectrum shown in curve 2 in Figure 31 was recorded. This spectrum 

i s  probably a f a i r l y  good rep resen ta tion  of the spectrum fo r  the 

quinonoid-dihydropterin and has one major peak centered a t  300 nm.
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Figure 30. Spectra o f  0.51 mM 6 -MTHP e lec tro ly z in g  a t  0.27V a t  a RVC 
e lec trode  in a th in - l a y e r  ce l l  in pH 4.7 phosphate bu ffe r .  
Curve 1 i s  the spectrum of 6 -MTHP. Curve 2 i s  the spectrum 
a f t e r  ca. 120s a t  peak p o te n t ia l s .  P r io r  to  scanning 
curve 2 the RVC working e lec trode  was open -c ircu ited .  Curve 
3 is  the spectrum a f t e r  complete decay o f the in term ediate  
species and corresponds to  6 -MDHP. R epetit ive  sp ec tra l  scans 
between curves 2 and 3 are 38s in duration .
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Figure 31. Spectra of 0.52 mM 5-MTHP e lec tro ly z in g  a t  0.08V a t  a RVC 
e lectrode in a th in - la y e r  ce l l  in pH 9.1 phosphate bu ffer .  
Curve l i s  the spectrum of 6 -MTHP. Curve 2 is  the spectrum 
a f t e r  ça .  80s e l e c t r o l y s i s ,  but before the intermediate 
species has had time to  decay. R epetitive sweeps o f  19s 
are shown.
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Two small peaks a t  226 nm and 280 nm are a lso  observed in curve 2, 

however they are  a r e s u l t  o f  the rearrangement of a f ra c t io n  of the 

quinonoid-dihydropterin to  6 -MDHP. I f  the species charac terized  by 

curve 2 in Figure 31 is  allowed to  decompose, the f in a l  spectrum 

ex h ib its  peaks a t  226-228 nm, 279 nm, and 324 nm ind ica ting  th a t  

the f in a l  product of peak 1^ oxidation o f  6 -MTHP is  6 -MDHP.

Kinetics of the rearrangement r e a c t io n . S pec troe lec tro ­

chemical r e s u l t s  as well as the data from cyc l ic  voltammetry c le a r ly  

in d ica te  th a t  the i n i t i a l  product of peak I e le c t ro ly s i s  of 6 -MTHP
a

i s  unstable and rearranges in a chemical follow-up reac tion  to  6 -MDHP. 

The r a t e  o f  th i s  follow-up reac tion  was studied using th in - la y e r  

spectroelectrochemical techniques by monitoring the decrease in the 

absorbance of the in term ediate or the  increase  in the u .v . absorbance 

of 6 -MDHP, the  reac tion  product.

Rate constants were obtained a t  th ree  concentrations o f  6 - 

MTHP, 0.1 mM, 0.5 mM, and 1.0 mM. The u .v . peaks which were monitored 

to  obtain the r a te  constants were the sho rt  wavelength peak of 6 -MDHP 

a t  220-226 nm, the peak o f  6 -MDHP a t  252 nm (pH <pK  ̂ of 6 -MDHP), the 

peak of 6 -MDHP a t  270-278 nm (pH >pKg o f 6 -MDHP), or the u .v . peak 

of the  in term ediate a t  300-304 nm.

The la rg e s t  absorbance change a f t e r  the RVC working e lectrode 

was open-circu ited  occurred a t  the sho rt  wavelength peak. A typ ical 

absorbance vs. time curve i s  shown in Figure 32A fo r  the growth of 

the low wavelength peak o f  6 -MDHP a f t e r  p a r t ia l  e l e c t ro ly s i s  a t  

peak I of a 1.0 mM 6 -MTHP so lu tio n .  P lo tt in g  In |A -A j v£. time fo r
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Table 7

Observed F i r s t  Order Rate Constants fo r  Chemical Reaction 

o f  the Intermediate Generated Upon Peak I

Oxidation of 1.0 mM 6 -MTHP as a 

Function o f  pĤ

pH*"

220-226 nm

2  - 1
k^xlO / s '  measured a t  

252nm 278 nm 304 nm

2 . 0 1 .U 0 .1 8 0.83+0.06

3.1 1.2+0.06 2 . 1 ±0 . 1

4.0 1.7+0.08 1.8+0.17

4.6 1.5±0.09 1.7±0.29

5.6 3.5±0.24 3.5+0.57

6 . 0 2.9+0.22 3.4±0.07 3.2±0.17

7.0 1.2±0.05 1.2±0.03

8 . 1 0.31+0.01 0.41+0.03

9.3 0.38±0.01 0.27±0.02

9.9 0.23+0.02 c

®Data obtained by a th in - la y e r  spectroelectrochem ical method using an
o p t ic a l ly  tran sp a ren t  RVC e lec trode .

^Phosphate buffers  with an ionic  s treng th  0.5 M.

^Two r a te  constan ts  were observed. Fast s tep : 0.45±0.13. Slow step: 
0.074±0.001.
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Table 8

Observed F i r s t  Order Rate Constants fo r  Chemical Reaction 

of the  Interm ediate Generated Upon Peak I

Oxidation of 0,5 mM 6 -MTHP as a 

Function o f  pH®

pĤ

214-226 nm

k^xlO^/s'^

252 nm 272-287 nm 300-304 nm

3.1 1.3±0.12 1.6+0.04

4.0 2.5±0.31 1.7±0.26

4.6 . 2.1+0.04 2 . 0 +0 . 0 1

5.6 2 . 6 ±0 . 1 2 2.7+0,09

6 . 0 3.1±0.12 3.3±0.19 2.3±0.12

7.0 1.0+0.16 0.88±0.07

8 . 1 0.29±0.04 0.43±0.04

9.3 , 0.26±0.02 0.27±0.08

9.9 0.27±0.03 0.26±0.07^

®Data obtained by a th in - la y e r  spectroelectrochemical method using
an o p t i c a l ly  t ran sp a re n t RVC e lec trode .

^Phosphate bu ffe rs  with an ionic s tren g th  of 0.5 M.

^At times two r a t e  constants  were observed. Fast s tep ; 0.36+0.09. 
Slow s tep :  0.068+0.02.
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Table 9

Observed F i r s t  Order Rate Constants fo r  Chemical Reaction 

of the Intermediate Generated Upon Peak I 

Oxidation of 0.1 mM 6 -MTHP as a 

Function of pĤ

pH*"

220-228 nm

2  - 1k^xlO / s '  measured a t  

245-252 nm 270-278 nm 300-304 nm

3.1 2.5±0.16

4.0 2.6±0.53 1.4±0.09

4 .6 2.0+0.33 1.0+0.08'^

5.6 2.3±0.23 2.7±0.05

6 . 0 2.9±0.05 2.3+0.18 1.6±0.03

7.0 1.0±0.05 0.5±0.01

8 . 1 0.24+0.03 0.26+0.03

9.1 0.27±0.03 0 . 2 1 +0 . 0 1

9.9 0.46±0.03 , 0 . 2 1 +0 . 0 2

®Data obtained by a th in -laye r spectroelectrochemical method using
an o p t ic a l ly  transpa ren t  RVC e lec trode .

^Phosphate buffers  with an ionic s treng th  of 0.5 M.

'"Often two r a te  constants were observed. Fast s tep : 3.7±0.8. Slow step: 
0.56+0.14.
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th i s  curve yie lded  l in e a r  p lo ts  ind ica ting  th a t  the reac tion  is  

f i r s t  order (Figure 32B). Rate constants throughout the pH range 

2-10 are  given fo r  1.0 mM 6 -MTHP in Table 7. The only unusual 

re s u l t s  were observed a t  pH 9.9 while monitoring a t  304 nm (Figure 

33A). Ln|A-A_ l̂ vŝ . time curves a t  th i s  pH were not l in e a r  ind icating  

the p o s s ib i l i ty  o f  two f i r s t  order chemical processes occurring 

sim ultaneously .or sequen tia lly  (Figure 33B).

At a 6 -MTHP concentration o f  0.5 mM the behavior of the 

in term ediate  generated upon e lec troox ida tion  a t  peak I was almost 

id e n t ica l  to  the  behavior a t  a 6 -MTHP concentra tion  of 1.0 m^. The 

experimental r e s u l t s  are  shown in Table 8 . Again the re s u l t s  a t  

pH 9.9 are  unusual in th a t  two r a te  constan ts  are  observed. However, 

a t  a concentration level of 0.1 mM 6 -MTHP no unusual re s u l t s  were 

observed a t  pH 9 .9 . Ins tead , two ra te  constan ts  were observed a t  

pH 4 .6 .  Results fo r  0.1 mM 6 -MTHP are given in Table 9. A typ ical 

absorbance time curve fo r  0.1 mM 6 -MTHP can be seen in F igure-34 

and i l l u s t r a t e s  the d i f f i c u l ty  o f  measuring the  small absorbance 

changes a t  th i s  low concentration  because of the noise in the signal 

from the RSS.

The magnitude of the r a te  constants  as a function of pH is  

i l l u s t r a t e d  in Figure 35. From th i s  f ig u re  i t  can be seen th a t  

the re  is  a maximum in the r a te  of the follow-up reac tion  a t  ca. pH 

5 .6 -6 .0 .  These r e s u l t s  suggested th a t  perhaps the rearrangement of 

the in term ediate  was catalyzed by one or more of the  buffer com­

ponents. This was suspected because the maximum ra te  occurred a t  

a pH where HgPO^" i s  the main phosphate species p resen t in so lu tion .
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The r a te  o f  the rearrangement of the in term ediate  f a l l s  o f f  very 

rap id ly  a t  lower or higher pH where the concentration of HgPO^" 

decreases.

Dependence o f  reac tion  r a te  on buffer  co ncen tra tion . A spectro- 

electrochemical study was consequently done to  determine i f  the concen­

t r a t io n  o f  phosphate a f f e c t s  the  r a te  of the chemical reac tion  of the 

in term ediate  generated by peak I e lec troox ida tion  o f  6 -MTHP. This 

in v e s t ig a t io n  was done a t  pH 2.0 because of the increased s t a b i l i t y  

of 6 -MTHP a t  low pH removing any complications as a r e s u l t  of a i r  

ox ida tion . Results a re  shown in Table 10 and Figure 36.

P o te n t io s ta t ic  s tudy . As a fu r th e r  confirmation of the r a te  

cons tan t a p o te n t io s ta t ic  study on 1.0 mM 6 -MTHP in pH 5,6 phosphate 

b u ffe r  with an ionic s treng th  o f  0.5 M was completed according to 

the  method o f  Alberts and Shain.^^ A pH o f  5.6 was chosen because 

the  r a te  constan t fo r  the  chemical rearrangement is  a t  i t s  maximum 

a t  th i s  pH. For th e  p o te n t io s ta t ic  method to  be app licab le  i t  is  

necessary fo r  the e lec trode  reac tion  to  occur under d if fu s io n  control 

a t  the  e lec trode  surface . At pH 5.6 th e re  should be l i t t l e  complica­

t io n  from the equilibrium between hydrated 6 -MDHP and non-hydrated 

6 -MDHP (see l a t e r  d iscuss ion ) .

The po ten tia l  was s e t  a t  a po int where both the peak 1  ̂

process, e lec troox ida tion  of 6 -MTHP, and the peak I 11^ process.

e lec troox ida tion  o f  non-hydrated 6 -MDHP formed from the rearrangement 

of the primary peak product, could occur, Under such conditions 

i t  was an t ic ip a ted  th a t  an ece reac tion  depicted in Equation 2 would
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Table 10

Observed P seu d o -f irs t  Order Rate Constants fo r  Chemical 

Reaction o f  the  Interm ediate Generated Upon Peak 

I Oxidation o f  6 -MTHP̂  as a Function o f
a

Buffer Ionic Strength a t  pH 7.0

Buffer u kxlO^/s”^
Ionic  Strength 254 nm 306 nm 336 nm

0.05 0 .3U 0 .03  0.28+0.03 0.24^

0.10 0.43±0.04 0.35±0.06 0.41+0.05

0.50 1.1+0,18 0.83+0.06 0.69±0.13

®The concentra tion  o f  6 -MTHP was 1.0 mM.

^lon ic  s treng th  o f  the phosphate bu ffer .

c,Only one run was made.

occur.

+ k +
6 -MTHP Interm ediate — > 6 -MDHP >6 -MP (2)

e £  6

At sh o r t  times the cu rren t  observed should be th a t  p red ic ted  fo r  a 2e 

process and a t  longer times i t  should approach th a t  fo r  a 4ê  process. 

The equation r e la t in g  cu rren t  to  time fo r  an ece mechanism is  given 

by Equation 3.^®

FAD'/^C[n,+n,(l-e+f*)]
7 7 2 7 7 5

i^  = instantaneous cu rren t  a t  time t  in yA
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n-j = number of e lec trons  involved in the  f i r s t  charge t r a n s fe r  

step

ng = number o f  e lec trons  involved in the second charge t r a n s fe r  

step

t  = elapsed time from the  app lica tion  o f  the  po ten tia l  in s
2

A = area of the  e lec trode  in cm
? -1

D = d if fu s io n  c o e f f i c ie n t ,  cm s"

C = concentration of the e le c tro a c t iv e  species in mmoles/Ji 

F = 96,500 coulombs

Equation 3 can be rearranged as follows:

E AD^ [ n ^ t Ug f  1 ]

 T / 2 ------------ -  " 2  )
FAD '  C s ince n,=n1 "2

ngFAo'/'^C 
_i l / 2 t l / 2

ln[-------- iÿô—  + 2 ] = - k f t
n .F A D '/^  ^

- ln [  + 2 ]
n,FAD''%

— S    w)

In order to  measure the  homogeneous r a te  cons tan t ,  k^, the 

d iffu s ion  c o e f f ic ie n t  fo r  6 -MTHP and the area of the RGE were f i r s t
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determined. The area of the PGE used in  th i s  study was determined 

by monitoring the cu rren t  vs. time curve fo r  e lec troox ida tion  of

4 .0 mM potassium ferrocyanide with a supporting e le c t ro ly te  of 2.0 M 

KCl. The d iffu s ion  c o e f f ic ie n t  fo r  ferrocyanide under these conditions 

i s  5.29x10" cm s" . Oxidation o f  ferrocyanide i s  d if fu s io n  con tro lled  

and hence the area of the e lec trode  could be ca lcu la ted  using the 

C o tt re l l  equation (Equation 5 ) :^ ^ ’

i t  = nFAD^^^C , n
j l / 2 , 1 / 2

rearranges to 

nFDr'^C

where a l l  terms have been previously  defined . The e lec trode  area
-2  2determined in th i s  manner was 2.90x10" cm s.

Using th i s  value fo r  the e lec trode  a rea ,  the d if fu s io n  co­

e f f i c i e n t  fo r  6 -MTHP was determined assuming th a t  the  peak 1^ e le c t ro ­

oxidation was d if fu s io n  co n tro l led .  This was proved to be t ru e  because 

the product of i x was constan t fo r  times as long as ca. 8 s . 

Rearranging the C o tt re l l  equation again gives Equation 7,

—6 2 -1
which was used to  give a d if fu s io n  c o e f f i c ie n t  of 6.32x10" cm s '  fo r  

6 -MTHP.

The homogeneous so lu tion  r a te  constan t fo r  rearrangement of 

the primary qu inonoid-dihydropterin to 6 -MDHP was obtained by using
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Equation 9 and values fo r  D o f  5,32xl0"®cm^s'^ and A of 2.90xl0"^cm^.

The value of i used in  the equation was the experimental value

measured from cu rren t  vs .̂ time curves a t  time t .  An average of these
-? - 1

r a te  constants  over a range of times gave a value of 3 .1 ± 0 ,lx l0 ' s ’
p - 1

compared to  3.5±0.4xl0’  s ’ obtained spectroe lectrochem ical1y .

Chemical oxidation o f  6 -MTHP. The r a te  constan t fo r  the 

rearrangement o f  the in term ediate  obtained by chemical oxidation of 

6 -MTHP was a lso  determined and compared to  the spectroelectrochemical 

r e s u l t s .  One o f  the b iggest problems with chemical oxidation is  

f ind ing  a s u i ta b le  oxidant, one th a t  i s  m ild, quick, and which does 

not possess a s ig n i f i c a n t  u .v . absorbance in the wavelength region of 

in t e r e s t .  The oxidant chosen was iodine in an iodide so lu tion  buffered 

with phosphate to  pH 7 .0 .  In an iodide so lu tion  the actual oxidizing 

agent is  I^ ’ . The redox p o te n tia l  o f  Ig’  is  g rea t  enough to  oxidize 

both 6 -MTHP and 6 -MDHP. Consequently, a s to ich iom etric  amount of Ig 

was used so t h a t  only 6 -MTHP would be oxidized to  the pu ta tive  quinonoid- 

d ihydrop terin . Spectral data was obtained using the  same rap id  scanning 

spectrometer used in spectroelectrochem ical s tu d ie s .  One of the main 

problems with using iodine is  th a t  i t  is  reduced to  iodide which is  

c o lo r le s s ,  but s t i l l  ex h ib i ts  a strong u .v .  peak centered a t  228 nm.

This peak obscures the sh o r t  wavelength band of both 6 -MTHP and 6 -MDHP.

In f a c t  with iodide so lu tion  in the reference beam of the RSS the re  is  

l i t t l e  useful spec tra l  data in the region below câ . 240 nm.

Since iodine is  a mild oxidizing agent^^ i t  was a lso  f e l t  th a t  

a good spectrum of the quinonoid in term ediate  could be obtained. Curve 

1 of Figure 37A is  the spectrum of 6 -MTHP with iodide so lu tion  in both
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Figure 37. CA) Spectra o f  0.054 6 -MTHP oxidizing in a so lu tion  of 
0.039 nM I 2 /O . 2  irM iodide buffered  to  pH 7 with phosphate in  a 1 cm quartz  
cuvette .  Curve 1 is  the spectrum immediately before oxidation. Curve 2 
i s  the spectrum immediately a f t e r  the addition o f  I 2 . Curve 3 i s  the spec­
trum a f t e r  complete decay o f  the in term ediate  and corresponds to  the spec­
trum of 6 -MDHP. R epetit ive  scans are 19s. (B) Same conditions as A except 
now a peak i s  observed a t  242 nm.
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the  sample and reference cu v e t te s .  Curve 2 is  the spectrum a f t e r  the 

in troduc tion  o f  iodine in to  the sample c e l l .  This spectrum should be 

a good approximation of the spectrum fo r  the quinonoid-dihydropterin 

(compare curve 2 o f  Figure 31). Curve 3 is  the spectrum a f t e r  complete 

decay o f  the in term ediate  species and ex h ib its  u .v .  maxima a t  279 nm 

and 324 nm which corresponds to  6 -MDHP. All spec tra l  changes observed 

upon chemical oxidation of 6 -MTHP are  completely analogous to  those 

observed upon electrochemical ox ida tion .

One cm quartz  cuvettes  were used in the spectrochemical study 

o f  6 -MTHP. As a r e s u l t  of the increased  pa th leng th , compared to the 

th in - la y e r  c e l l ,  the 6 -MTHP concentra tion  used was ca. 0.05 mM to keep 

the  absorbance within the l im its  of the RSS. The ra te  constan t fo r  the 

chemical rearrangement o f  the in term ediate  generated from iodine oxidation 

o f  6 -MTHP was 0 . 0 0 2 6 ± 0 .0 0 0 3 s " T h i s  compares with a value of 0.005± 

0 .0 0 1 s '^  fo r  0.1 mM 6 -MTHP determined spec troe lec trochem ica lly .

Kaufman observed an u .v . peak around 240 nm in the enzymic

oxida tion  of te trahyd rop te rin s  which he claimed as evidence fo r  a hydro-

28 29peroxy in term ediate . ’ O ccasionally , we have observed a s im ila r  u.v. 

peak a t  242-243 nm in the chemical oxidation of 6 -MTHP (Figure 37B).

This peak was a lso  observed when a 6 -MTHP/iodide so lu tion  a t  pH 7 was 

allowed to  a i r  ox id ize . However, t h i s  peak was observed only a f t e r  

complete oxida tion  of 6 -MTHP. I f  the u .v . peak a t  242 nm was ch a ra c te r­

i s t i c  of a hydroperoxy in term ediate  i t  should have been observed 

immediately a f t e r  i n i t i a t i n g  the oxidation with iod ine , not in the 

spectrum of the f in a l  product (curve 2, Figure 37B). 6 -HDHP, the f in a l  

p roduct, has a short wavelength u .v . peak a t  228 nm which has a high



137

molar a b so rp t iv i ty .  I t  i s  possib le  th a t  the increase in absorbance 

observed a t  242 nm, which appears to be a peak, was r e a l ly  the 

beginning of the 6 -MDHP u.v . peak a t  = 228 nm. The remaining 

p a r t  o f  th i s  peak = 228 nm) was probably obscured by the short 

wavelength iodide absorption.

Spectroelectrochemical Studies of 6 -MDHP

Thin-layer spectroelectrochemical s tud ies  were a lso  ca rr ied  

out on the in term ediate generated when 6 -MDHP is  e lec troox id ized  a t  

peak I lg  p o te n t ia l s .  These s tud ies  were l im ited  to  so lu tions  with pH 

values le ss  than 5.6 because peak 11^ is  not observed in voltammetry 

a t  higher pH values. Cyclic voltammetry reveals  th a t  an in term ediate 

is  a lso  generated by e lec troox ida tion  of 6 -MDHP a t  peak 11^. This 

in term ediate  i s  responsible  fo r  reduction peak IV^ (see Figure ISA).

Peaks I I L  or I I I !  do not have rev e rs ib le  peaks associa ted  with them.
a  a

Curve 1 of Figure 38A is  the spectrum of 0.5 M 6 -MDHP a t  pH 2.0 

(A_=. = 360, 274 (shou lder) ,  and 250 nm) in the RVC th in - la y e r  c e l l .lUaX

I n i t i a t i n g  the e le c t ro ly s i s  a t  peak 11̂  ̂ p o te n t ia ls  causes a decrease 

in absorbance throughout the wavelength range scanned except between 

290-340 nm where an increase in  absorbance was noted. The RVC working 

e lec trode  was open-circu ited  immediately p r io r  to  recording curve 2  

of Figure 38A. The spectrum continues to  change in  the manner described, 

but the  change was extremely small. Curve 3 is  the spectrum a f t e r  the 

absorbance has stopped changing, i . e . , the  rearrangement of the i n t e r ­

mediate has been completed. The only d iffe rence  from the i n i t i a l  

spectrum is  the peak a t  336 nm. I f  the po ten tia l  is  allowed to remain
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Figure 38. Spectra of 0,5 rrW 6 -MDHP electrolyzing a t peak I I 3  poten­
t ia ls  at a RVC electrode in several different phosphate 
buffers in a thin-layer cell. Curve 1 is the spectrum of 
6 -MDHP, Curve 2 is the spectrum immediately after open- 
circuiting the working electrocte. Curve 3 is the spectrum 
after complete decay of the intermediate species. Repeti­
tive scans are 19s in duration. CA) pH 2.0 and (B) pH 5.6.
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on, th i s  u .v. peak continues to s h i f t  to s h o r te r  wavelengths co rres ­

ponding to  the spectrum of 6 -MP a t  pH 1 = 324 nm).^^ Curve 3

in Figure 38A a c tu a l ly  corresponds to  a spectrum expected fo r  a 

mixture of 6 -MDHP and 6 -MP. S imilar r e s u l t s  were obtained a t  th i s  

pH when the so lu tio n  was e lec troox id ized  a t  peak I I I^  p o te n t ia l s .

At pH 5.6 the basic  pK  ̂ of 6 -MDHP has been exceeded thus the 

spectrum of 6 -MDHP now exh ib its  u .v . maxima a t  229 nm, 279 nm, and 

325 nm (curve 1, Figure 38B). Upon app l ica t ion  o f  the p o te n tia l  a t  

peak I lg  the absorbance of the two sho rt  wavelength peaks decreases 

somewhat. Curve 2 is  the spectrum immediately a f t e r  the working 

e lec tro d e  i s  open-c ircu ited  a f t e r  e lec tro ly z in g  fo r  60s. The peak 

a t  229 nm continues to  decrease while the peak a t  ca. 279 nm begins to 

increase  and s h i f t  to  s l ig h t ly  sho rte r  wavelengths. The long wave­

length peak decreases and s h i f t s  to  even longer wavelengths. The 

same changes in the spec tra  occur a f t e r  e lec troox ida tion  of 6 -MDHP a t  

peak I l l g  p o te n t ia l s .

K inetic s tu d ie s . Absorbance vs. time curves observed immediately 

following e lec tro o x id a tio n  o f  6 -MDHP in a th in - la y e r  ce l l  in d ica te  th a t  

the behavior i s  not as simple as i t  appears in the above spec tra .  This 

i s  e sp ec ia l ly  apparent when the A ys_. t  curves a c tu a l ly  change d irec tio n s  

long a f t e r  the working e lec trode  is  open-c ircu ited  (Figure 39A). P lots 

of In lA-A^l v£. time are  not s t r a ig h t  l in e s  th e re fo re  the rearrangement 

of the in term ediate  cannot be a simple s in g le  f i r s t  order process

(Figure 398). Analysis of A ys_. t  curves using a non-linear  l e a s t  
72squares program shows th a t  two f i r s t  order processes occur with 

d i f f e r e n t  r a te  constan ts .  However i t  was not possib le  to determine
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whether the two in term ediates  are  both formed simultaneously in the 

e lec tro o x id a tio n  (Equation 8 ) or the f i r s t  intermediate rearranges to 

a second in term ediate  which rearranges to the product, 6 -MP (Equation 9),

hydrated 6 -MDHP 

-2H+-2e

Interm ediate 1 ^2

6 -MP (8 )

Interm ediate 2

+ k k
hydrated 6 -MDHP"^" In te r .  1 - i  In te r .  2—♦ 6 -MP (9)

Unfortunately to ta l  absorbance changes were very small (often less  

than 0.08 absorbance u n i ts )  and determination of the f a s t e r ,  f i r s t  

o rder r a te  cons tan t ,  kg, was qu ite  un re liab le  because of the considerable 

noise p resen t in the A v s . t  curves. Values fo r  the ra te  constan t,  

kg, of the slower reac tion  are reported in Table 11.
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Table 11

Observed F i r s t  Order Rate Constants fo r  Chemical Reaction o f  the

Interm ediate Formed Upon Peak II  and Peaka

Electrooxidation  of 6 -MDHP̂

: " a

pĤ X/nm^ k^obs/s"^

E lectrooxidation  a t  peak 11^ p o te n t ia ls

3.0 252 0.0028±0.0006

4.5 231 0.0027+0.001

5.6 304 0.021+0.003

Electrooxidation  a t  peak I I I  p o te n t ia lsa

3.0 252 0.0013+0.003

4.1 276 0.0091+0.0005

4.5 276 0.0035±0.0003

5.6 304 O.OlOiO.OOl

Data obtained by th in - la y e r  spec troe lec trochem istry  using an o p t ic a l ly -  
transparen t RVC e lec trode .

^Phosphate bu ffers  having an ion ic  s treng th  of 0 .5  M.

'Wavelength employed to  measure A t  curves.

^Value of the second, or sm alle r ,  r a te  constan t.  Reliable values of k„ 
could not be obtained.
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CHAPTER II I  

DISCUSSION 

Reaction Scheme

6 -MTHP ex h ib its  up to four voltanm etric oxidation peaks a t  

a PGE o f  which the f i r s t  th ree  were s tudied  in d e t a i l .  Peak L  is  a 

2e-2H'^ q u as i- rev e rs ib le  redox reac tion  of 6 -MTHP giving an unstable 

product which may be detected as cyc l ic  voltanm etric peak I^ or by i t s  

spectrum in th in - la y e r  spectroelectrochem ical experiments. This 

in term ediate  rearranges in a f i r s t  order chemical follow-up reac tion  

y ie ld in g  6 -MDHP as the f in a l  product. The interm ediate generated 

upon e lec troox ida tion  of 6 -MTHP ( I ,  Figure 40) a t  peak 1^ is  proposed 

to  be an unstable quinonoid-dihydropterin . There a re  in f a c t  f ive  

possib le  s t ru c tu re s  fo r  such a quinonoid interm ediate ( I I ^ - I I ^ ,  Figure 

40) and the re  i s  l i t t l e  or no evidence to  exc lusive ly  favor any one of 

these  s t ru c tu re s .  Peak I^ is  the 2e-2W^ reduction o f  th i s  in term ediate 

back to  6 -MTHP.

The quinonoid-dihydropterin ( I I ^ - I I ^ ,  Figure 40) rearranges to  

6 -MDHP ( I I I ,  Figure 40) in a f i r s t  order process charac terized  by 

r a te  constan t k^ (Tables 7, 8 , and 9). Experiments with 6 -MDHP reveal 

th a t  i t  i s  responsib le  fo r  oxidation peaks II  , I I I _ ,  and adsorption 

peak I l l g .
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a t  the PGE.



145

Oxidation peak 11^ of 6 -MDHP appears below pH 5.6 and e le c t ro ly s i s  

a t  these  p o te n t ia ls  a lso  causes peak I I I  to  disappear. Sweep ra te  

s tud ies  a lso  reveal th a t  peak 1 1 ^ decreases with increasing sweep ra te  

while peak I I I^  (and a t  sweep r a te s  above ca .̂ 100 mV s '^  peak I I I^ )  

inc rease .  When 6 -MDHP is  e lec troox id ized  a t  e i th e r  peak I I  or I I I
a  a

p o te n t ia ls  the u ltim ate  product i s  6 -MP (VII, Figure 40). These r e s u l t s  

suggest th a t  the re  are  two e lectrochem ically  oxid izable  species which 

are  in equilibrium .

A clue as to  the id e n t i ty  o f  the two species responsib le  for 

peaks I I ,  and I I I  comes from the in v e s t ig a t io n  o f  7,8-DHP which was 

discussed in  the  In troduction .^^  This compound exh ib ited  vo ltam etric  

ox ida tion  peaks and e le c t ro ly s i s  products which could only be a r e s u l t  

of covalent hydration of the N(5)-C{6) bond. I t  i s  proposed th a t  

6 -MDHP ( I I I ,  Figure 40) undergoes a s im ila r  hydration forming hydrated 

6 -MDHP (IV, Figure 40). Voltammetry in d ica te s  th a t  th i s  hydration is  

acid  catalyzed  and th a t  a t  any pH below 5.6 the covalently  hydrated 

species e x i s t s  in  equilibrium  with non-hydrated 6 -MDHP ( I I I ,  Figure 40). 

Hydrated 6 -MDHP has a s t ru c tu re  very s im ila r  to  6 -MTHP, thus i t  should 

be oxidized a t  p o te n t ia ls  very close to  those fo r  6 -MTHP. Since the 

s t r u c tu re  and the oxidation p o te n tia l  fo r  hydrated 6 -MDHP are s im ila r  

to  6 -MTHP, i t  might be expected th a t  the mechanism would be s im ila r .  

Consequently peak 11^ is  proposed to  be a 2£-2H+ e lec troox ida tion  of 

covalen tly  hydrated 6 -MDHP to an unstable quinonoid in term ediate 

( [Quinonoid-6 -MDHP*H2 0 ] , V, Figure 40). This quinonoid can once again 

e x i s t  as one of f iv e  possib le  s t ru c tu re s  ( V ^ " ^ ) *  A vs . t  curves reveal

th a t  the in term ediate formed by e lec tro o x id a tio n  of covalently  hydrated
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6 -MDHP rearranges v i^  two f i r s t  o rder processes to  6 -MP. I t  is  not 

possib le  to determine from the experimental evidence whether two 

quinonoids are  formed simultaneously, a s ing le  quinonoid is  formed 

which subsequently rearranges to a more s tab le  form, or some other 

in term ediate  is  involved. I t  seems more p lau s ib le  th a t  a s ing le  

quinonoid is  formed (V, Figure 40) which rearranges to a more s tab le  

form (VI, Figure 40) charac terized  by ra te  constan t kg. This second 

quinonoid rearranges and dehydrates to  6 -MP in a slower process 

charac terized  by r a te  constan t kg. Cyclic voltammetry of 6 -MDHP a t  

low pH provides add itional support fo r  th i s  mechanism. A fter scanning 

peak I lg  and reversing the sweep d irec tio n  peak IV^ appears to be
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composed o f  two peaks, a normal peak followed by a broad peak a t  more 

negative p o te n t ia ls  (Figure 15A,B). I t  is  possib le  th a t  the f i r s t  

peak is  due to  reduction of V (Figure 40) and the broad peak due to 

reduction o f  VI (Figure 40).

Peak I I I  fo r  6 -MDHP is  observed throughout the pH range and 

must be due to  the i r r e v e r s ib le  2 e;-2 H‘̂  e lec troox ida tion  of the non- 

hydrated form of 6 -MDHP ( I I I ,  Figure 40) to  6 -MP.

The reduction peaks observed in the cy c l ic  voltammetry of 6 -MTHP

25 49 51have been studied  previously by Kwee and Lund ’ and Komenda. Peak

I I I ç  (Figure 14) is  due to  the reduction o f  6 -MDHP ( I I I ,  Figure 40) in

a 2e-2H’*' process to  6 -MTHP ( I ,  Figure 40). 6 -MP (VII, Figure 40) is

a lso  reduced in  a 2e-2H+ process a t  peak 11^ (Figure 14] to  an unstable

6 -methyl-5 ,  8 -d ihydrop terin  (V III,  Figure 40) which rap id ly  rearranges

to 6 -MDHP ( I I I ,  Figure 40). Oxidation peak V̂  (Figure 24A) i s  the

q u a s i- re v e rs ib le  oxidation of VIII back to  6 -MP (VII, Figure 40).

A fter  sweeping through reduction peaks 11^ and I I I^  o f  6 -MTHP 

or 6 -MDHP two minor oxidation peaks are  observed on the subsequent 

p o s i t iv e  sweep (peaks VI, and VII ) .  These peaks are  c le a r ly  v is ib le  

in Figure 15. Peak VII^ may be observed i f  the po ten tia l  is  switched 

immediately a f t e r  passing through reduction peak 11^ (Figure 24A).

In o rder to  observe oxidation peak VI^ i t  is  necessary th a t  the 

negative sweep a lso  passes through peak I 11^. The s ize  of both peaks 

VL and VII decrease r e la t iv e  to  reduction peaks I I .  and I I I  i f  the
a  a  L L

sweep r a te  is  decreased. This leads to  the conclusion th a t  the species 

responsib le  fo r  these oxidation peaks are unstab le . Figure 24B also  

i l l u s t r a t e s  th i s  by holding the p o ten tia l  j u s t  negative of peak 1 1 ^ fo r
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10S then sweeping in a p o s i t iv e  d i re c t io n .  Peak VII^ is  barely 

v is ib le  under these  conditions ind ica ting  th a t  the species responsible 

fo r  i t  has disappeared.

I f  a 6 -MDHP so lu tion  is  allowed to p a r t i a l l y  a i r  ox id ize , 

cyc lic  voltammetry reveals  th a t  peaks VL and VII are considerably 

la rg e r .  This leads us to  suggest th a t  perhaps peak VII^ is  due to a 

reac tion  product formed between 6 -MP and the unstable peak 11^ 

reduction product 6 -methyl-5 ,  8 -d ihydrop terin  (V III,  Figure 40). I t  

i s  also  possib le  th a t  peak VI. may be due to  the e lec troox ida tion  of 

a reac tion  product o f  6 -MP and 6 -MTHP (the peak I 11^ reduction product).

The in term ediate  generated from peak 1^ e lec troox ida tion  of 

6 -MTHP and peak 11^ e lec troox ida tion  of 6 -MDHP have been studied using 

p rim arily  th in - la y e r  spec troe lec trochem istry .  Rate constan ts  fo r  

these reac tions  have been determined and the in term ediate  from 6 -MTHP 

has been found to  be most reac tiv e  between pH 5 .5 -6 .0 .  However there  

does not seem to  be a general trend fo r  the s t a b i l i t y  o f  the i n t e r ­

mediate from peak I L  oxidation of 6 -MDHP.
a
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CHAPTER IV 

EXPERIMENTAL

Chemicals. 6 -MTHP as the dihydrochloride s a l t  was obtained 

from Calbiochem and Sigma. 6 -MDHP as the monohydrochloride was 

obtained from Calbiochem. 6 -MTHP was genera lly  contaminated with 

small amounts o f  6 -MP and 6 -MDHP. 6 -MDHP was likewise contaminated 

with a small amount o f  6 -MP. This contamination could be e a s i l j  

detected  voltamm etrically  and could be q u an ti ta ted  using high p e rfo r­

mance l iq u id  chromatography (HPLC).

When la rge  amounts of 6 -MDHP and 6 -MP were detected  in 6 -MTHP 

so lu tions  p r io r  to  e l e c t r o l y s i s ,  such so lu tions  were p ree lec tro lyzed  

a t  a la rge  py ro ly t ic  g raph ite  e lec trode  a t  a po ten tia l  s u f f ic ie n t ly  

negative to  reduce both 6 -MP and 6 -MDHP to 6 -MTHP. On occasion, t e s t  

so lu tions  were not p ree lec tro lyzed . Under these circumstances a 

co rrec t ion  was applied to  observed n-values corresponding to the 

f ra c t io n  o f  oxidized species present as determined by HPLC.

Phosphate buffers  were used throughout which had an ionic

s treng th  of 1.0 M before 1:1 d i lu t io n  with the appropria te  p te rin
73stock so lu tion  y ie ld ing  a f in a l  ion ic  s treng th  o f  0.5 M. Nitrogen 

used fo r  deaeration of a l l  so lu tions  was eq u i l ib ra te d  with water in a 

bubbling chamber. Mercury used was t r i p l y  d i s t i l l e d  (Bethlehem 

Apparatus, Hellertown, PA).
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Apparatus. A th in - la y e r  ce l l  using an o p t ic a l ly  transparen t

r e t i c u la te d  v itreous  carbon e lec trode  was constructed s im ila r  to the

design o f  Norvell and Mamantov.^^ Modification of the ce l l  to  exclude

75atmospheric oxygen was done s im ila r  to  the design of N orris ,  e t  a l .

as well as Hawkridge and Kuwana.^^ This p a r t i c u la r  ce l l  has already

been used fo r  several e a r l i e r  spectroelectrochem ical in v e s t ig a t io n s .

Figure 41 shows the c e l l  design as i t  was eventually  u t i l iz e d

fo r  spectroelectrochem ical s tu d ie s .  For work in the u l t r a v io l e t  region

i t  was necessary to  use quartz  microscope s l id e s  (A) 2"xl"xl/16" (Esco

Optics Products, Oak Ridge, NJ). A th in  s l i c e  o f  r e t i c u la te d  v itreous

carbon (RVC) of 100 ppi p o ros ity  (Fluorocarbon Co., Anaheim, CA) 12 mm x

30 mm X 0.7 mm (B) as well as a piece of platinum fo i l  18 mm x 23 mm (C)

were sandwiched between the  s l id e s  and the edges of the s l id e s  were

sealed with epoxy cement (Epoxi-Patch, Hysol D iv ision , The Dexter Corp.,

Olean, NY). The platinum fo i l  acted as a counter e lec trode  and the close

proximity to  the RVC working e lec trode  was necessary to  reduce IR drop.

Openings were l e f t  a t  the top ,  s id e ,  and bottom o f the c e l l  fo r  attachment

of o the r  c e l l  components. Connections to  the c e l l  fo r  valves were made

using 4 mm I.D. s o f t  g la ss  tubing (D) with a female lu e r  taper  on one

end (7602-35, Ace Glass Co., Vineland, NJ). Dimensions fo r  the top and

s ide  connections were kept as sho rt  and compact as possib le .  The valves

(E) fo r  f i l l i n g  the ce l l  and fo r  opening i t  to  the reference e lectrode

were m iniature i n e r t  valves (86725, HVl-1, Hamilton Co., Reno, NV). The

Ag/AgCl reference e lec tro d e  compartment (F) was fashioned from a female

lu e r  ta p e r  and a shortened (ca. 7 mm) 10/30 î  inner ground g lass  jo in t .

76A s i l v e r  wire coated with s i lv e r  ch lo ride  was epoxied in to  a shortened
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Figure 41. Design of RVC th in - la y e r  ce l l  fo r  spectroelectrochem ical 

s tud ies  in  the absence of atmospheric oxygen. (A) quartz  
microscope s l id e s  (2" x 1" x 1/16"). (,B) RVC e lec trode  
(.100 pp i,  12 mm x 30 mm x 0 .7  mm). (C) Platinum fo i l  (18 mm 
X 23 mm), (0) 4 mm i . d .  glass tubing. (.E) Valves. (P) 
Ag/AgCl reference e lec trode  compartment. (G) Cap. (H) 
Reference tube. ( I )  Glass tubing. (J) Surgical rubber 
tubing.
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10/30 ï  ou te r  ground g lass  j o i n t  (G) and suspended in the reference 

tube (H). Reference tube (H) (117147 Leeds and Northrup, North Wales,

PA) had a small g lass  f r i t  a t  the t i p  and was f i l l e d  with a 1.0 M KCl 

so lu tio n .  The bottom of the ce l l  was closed o f f  with a piece of g lass  

tubing (I)  cu t in h a l f  and epoxied to  the bottom. Attached to  the 

g lass  tubing was a sho rt  length of su rg ical rubber tubing (J) and 

sea ling  was accomplished e i th e r  by the use of another valve or a pinch 

clamp.

F i l l in g  of the ce l l  was accomplished by attach ing  an a sp ira to r  

to  the top valve and drawing a N2 -bubbled so lu tion  in to  the ce l l  

through the surg ical rubber tubing. The side  arm and reference e lec trode  

compartment (F) were f i l l e d  by closing o f f  the tubing and forcing  the 

so lu tion  out of the sidearm in to  the reference e lec trode  compartment by 

a t tach ing  low pressure n itrogen to the top valve. When the th in - la y e r  

ce l l  was placed in a spectrophotometer i t  was important to make sure 

th a t  the valve to  the reference e lec trode  was opened to  provide 

e l e c t r i c a l  contact.

I n i t i a l  removal of a i r  bubbles from the RVC working e lec trode  

before f i l l i n g  with the t e s t  so lu tion  was accomplished by a l te rn a te ly  

a sp ira t in g  d i s t i l l e d  water and a i r  through the c e l l .  The b la s t  o f  water 

which follows when the i n l e t  to  the ce l l  is  re in se r ted  in the water 

c lea rs  the a i r  bubbles from the RVC.

Optical measurements were performed on a Harrick Rapid Scanning 

Spectrometer and signal processing module (Harrick S c ie n t i f i c  Co., 

Ossining, NY). R epetit ive  scans were recorded on a Hewlett-Packard 

7001A X-Y recorder or a Houston Instruments 2000 X-Y recorder.
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Construction of the py ro ly t ic  g raph ite  m icroelectrodes has 

been described in the Experimental Chapter of Part  I .  Linear and 

cyc l ic  sweep voltammetry were ca rr ied  out with an instrument based 

on conventional operational am p lif ie r  d e s i g n . C y c l i c  voltammograms 

a t  very high sweep ra te s  (>500 mVs'^)v/ere recorded on a Tektronix 

Model 5031 dual beam storage osc il lo scope  equipped with a Tektronix 

Model 70 camera. The ce l l  used fo r  the voltammetric experiments 

contained a mercury pool counter e lec trode  and e l e c t r i c a l  connection 

to  a sa tu ra ted  calomel reference e lec trode  (SCE) was made through a 

Luggin c a p i l la ry .  All p o te n t ia ls  are  re fe r re d  to  the SCE a t  25°C 

except in  the th in - la y e r  experiments. The p o te n t ia ls  in the th in - la y e r  

experiments are  re fe r re d  to the SSCE ( s i l v e r - s i l v e r  ch lo ride  reference 

e le c t ro d e ) .  Controlled po ten tia l  e l e c t r o ly s i s  and coulometry were 

performed e i th e r  with a th ree  compartment ce l l  containing an SCE 

re ference  e lec trode  and a platinum gauze counter e lec tro d e ,  or with the 

th in - la y e r  RVC ce l l  discussed above. Potentia l was con tro lled  with a 

Princeton Applied Research (PAR) Model 173 or a Wenking Model IT 73 

p o te n t io s ta t  in the la rge  e le c t ro ly s i s  c e l l .  In the  th in - la y e r  ce l l  

p o te n t ia l  control was achieved using a PAR 174A Polarographic Analyzer 

o r  the cy c l ic  voltammetry u n it  re fe r red  to  above. Current in teg ra tio n  

was accomplished with a Koslow S c ie n t i f i c  Model 541 Coulometer or a 

PAR 379 D igital Coulometer. Current in teg ra t io n  fo r  e l e c t ro ly s i s  in the 

th in - la y e r  RVC ce l l  was done by ca lcu la tin g  the area under a c u r ren t­

time curve.

Analysis o f  6 -MTHP fo r  6 -MDHP and 6 -MP u t i l i z e d  a high p e rfo r­

mance chromatographic m e t h o d . T h e  HPLC u n it  consis ted  of a Milton
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Roy Instrument mini pump (St. Petersburg , FL), a Waters Associates 

(M ilford, MA) Model U6 K in je c to r ,  and a Waters Associates Model 440 

u .v . absorbance dec tec to r.  The column was a P ar ti  s i 1 strong cation  

exchanger with a p a r t i c le  diameter of lOp. Eluants used were 

continuously deaerated by Ng-bubbling. Any trapped oxygen on the 

column (from using non-deaerated bu ffe rs )  could be reduced by in je c t in g  

10 ul o f  1.0 M sodium d i th io n i te  (NagSgO^) p e r io d ica l ly .  The e luan t 

bu ffe r  was pH 6.1 phosphate of ion ic  s treng th  0.1 M. The bu ffe r  was 

prepared by d isso lv ing  9.33 g o f  NaHgPO^-HgO and 1.53 g of NagHPO  ̂ in 

a small amount o f  d i s t i l l e d  water and then f i l l i n g  to  the mark with 

d i s t i l l e d  water in a 1 5, volumetric f la sk .



CHAPTER V 

SUMMARY

The electrochemical oxidation o f  6 -MTHP and 6 -MDHP was studied 

using a v a r ie ty  of electrochemical techniques. I t  was found th a t  

6 -MTHP is  e lec troox id ized  in a 2e;-2H''' qu as i- rev e rs ib le  process to an 

unstable  quinonoid-dihydropterin which was studied prim arily  using 

th in-Tayer spectroe lectrochem istry . A new th in - la y e r  ce l l  fo r  the 

study of a i r - s e n s i t i v e  compounds was developed during the course of 

these  in v es t ig a t io n s  and was used to  study the k in e t ic s  of the 

rearrangement o f  the interm ediate. Rearrangement of the interm ediate 

generated 6 -MDHP, which was found to e x i s t  in two forms, a non-hydrated 

species and a covalently  hydrated species. Covalently hydrated 6 -MDHP 

i s  oxidixed in  a 2e;-2H+ qu as i- rev e rs ib le  process to another quinonoid 

type species which subsequently rearranges to  a more s tab le  form before 

rearranging and dehydrating to 6 -MP. Non-hydrated 6 -MDHP is  also  

e lec tro ly zed  in  a 2e-2H+ process d i r e c t ly  to  6 -MP. Several o ther 

ra th e r  minor processes were detected , but were not studied in g rea te r  

d e t a i l .
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PART I I I

ELECTROCHEMISTRY OF 5-METHYL-5, 6 , 7 , 8 -TETRHYDROPTERIN

CHAPTER I 

INTRODUCTION

Reduced or unconjugated p te r in s  have been known fo r  years

to be COfactors fo r  a number of .b io log ica lly  important enzymic
1-3hydroxylation reac tions  ” as well as o ther  enzymic reac tions  in

vivo^~^ (see more d e ta i le d  d iscussion  in  In troduction of P art  I I ) .

Recently several d e ta i le d  rep o r ts  of the electrochemical oxidation of

various methylated te trah y d ro p te rin s  have been p u b l i s h e d . T h e s e

s tud ie s  have helped give a g re a te r  understanding of the redox properties

of reduced p te r in  compounds.

So-called pseudo cofac to rs  with the h ighest a c t iv i t y  compared

to the natura l co fac to r ,  te t ra h y d ro b io p te r in , are those which have a

su b s t i tu e n t  a t  the C(6 ) -p o s i t io n .^ ^  Tetrahydropterins with su b s t i tu en ts

12a t  N(8 ) do not show any cofac to r  a c t iv i t y .  However, they do not 

in h ib i t  the hydroxylation reac tion  in the presence of an ac tive  cofactor 

e i th e r .

Nagatsu, e t  a l . have reported however th a t  a l l  te trahydro ­

p te r in s  with a su b s t i tu e n t  in the N (5)-position are potent in h ib i to rs
IT

when 6,7-DMTHP is  used as the ac t iv e  co fac to r .  The in h ib i to r  a c t iv i ty
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decreases in the following order: 5=methyl=6 , 7-diphenyltetrahydro- 

p te r in  > 5 -benzy lte trahydrop terin  > 5-benzyl- 6 , 7-dimethyltetrahydro- 

p terin  >5-m ethylte trahydropterin  % 5 , 6 , 7 - tr im e thy l te trahyd rop te r in .

S tudies o f  various N(5)-methylated te trahyd rop te rin s  have 

been done because these compounds are  model compounds fo r  5-methyl- 

te t ra h y d ro fo l ic  acid ( I )  (5-MTHF).^^’^^ 5-MTHF is

COOH

CH

ÇH2
CHo
I

-NH— CH

COOH

often  the source of a methyl group in b io logical méthylation reac t io n s .  

5-MTHF is  d i r e c t ly  involved in the syn thesis  of methionine and in d i re c t ly

15-18

in  the  syn thesis  of choline. 16,17 In chemotherapy 5-MTHF is  the ac t iv e

m etabolite  o f  leucovorin which i s  used fo r  the prevention of m.ethotrexate

19-22(a lso  known as amethopterin) to x ic i ty .

The most ex tensive ly  s tud ied  of the syn the tic  5-MTHF analogues

i s  5-methyl- 6 , 7 -d iphenylte trahydrop terin  ( 5-M-6,7-DPTHP) . The

chemical oxidation and a i r  ox idation  of 5-M-6,7-DPTHP ( I I ,  Equation 1)

have been s tudied  and a mechanism was proposed which involved the i n t e r -
28-26

mediacy of a 4a-hydroxy compound ( I I I ,  Equation 1). '  The f in a l  

product of the oxidation was proposed to be 5-methyl- 6 , 7-diphenyl- 5 , 6 -
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dihydropterin  (5-M-6,7-DPDHP) (IV, Equation 1).

H pH>7

\\
(0(0

H

II :
CO 09(0

IV
(0  CO

ESP. s tud ie s  have a lso  shown the ex istence o f  rad ic a ls  in the a i r  

ox ida tion .
28 29These findings were l a t e r  d isputed by Jongejan, e t  a l . ’ 

who have shown th a t  the  actual product fo r  a i r  oxidation of 5-M-6,7- 

DPTHP was 2-amino-8 -m ethyl-4 ,9 -d ioxo -c is - 6 ,7-diphenyl- 6 ,7 ,8 ,9 -  

tetrahydro-4H-pyrazino ( l , 2 - a ) - s - t r i a z i n e  (V, Equation 2) shown in 

Equation 2:

HN

II
coco

The s t ru c tu re  of the p y raz in o -s - t r ia z in e  (V, Equation 2) was determined

30by X-ray crysta llography  of the acylated  product. This reac tion  was

shown to proceed through a hydroxyperoxy in term ediate . The 4a-hydroxy
31

adduct of 5-MTHF reported by Gapski, e t  a l . in the HgOg oxidation of
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5-MTHF was a lso  proposed to  be a p y raz in o -s - t r ia z in e  by Jongejan, e t  

al.28

A methyl group a t  N{5) has been shown to  s t a b i l i z e  t e t r a -
32hydropterins to  a i r  oxida tion . 5-MTHF has a lso  been shown to be

33 34c a . 1 0  times more s ta b le  to  a i r  oxidation than te trah y d ro fo lic  acid . ’ 

However, 5-methyl- 5 , 6 -d ihyd ro fo lic  acid ( 5-M-5, 6 -DHF) decomposes 

ra p id ly  in  ac id ic  so lu tion  y ie ld ing  p-aminobenzoyl glutamate and an 

undetermined te trahyd rop te ri

Loss of the N(5)-methyl group has been demonstrated fo r  1,3,

5 , 6 - te tram ethy lte trahyd rop te r in  during e lu tion  from Dowex 50W with 3 

aqueous a m m o n i a . N ( 5)-déméthylation of 5-M-6,7-DPTHP and 5-M-6,7- 

DPDHP during the  a i r  oxidation has a lso  been demonstrated by V iscontin i,  

e t  a l .^^

5-M ethyltetrahydropterin  has a lso  been shown to form the

p y ra z in o -s - t r ia z in e  compound when a i r  oxidized above pH 7 in the
28presence o f  oxygen. I f  5-MTHP is  oxidized to  the 5-methyl- 5 , 6 - 

d ihydropterin  a t  low pH i t  may be unstab le ,  analogous to the in s t a b i l i ty  

o f  5-M-5 , 6 -DHF. Thus the study o f  the electrochemical oxidation of 

5-MTHP may aid in the understanding of i t s  in h ib i to r  p roperties .  

E lucidation  of the reac tion  pathway fo r  e lectroox ida tion  of 5-MTHP may 

a lso  help to  understand the methyl t ra n s fe r r in g  a b i l i t y  of 5-m ethylte tra­

hydrofo lic  acid in v ivo . A preliminary repo rt  of the electrochemical

37p ro p er t ie s  of 5-MTHP has already appeared. However none of the 

e lec troox ida tion  products were id e n t i f ie d .  This rep o r t  continues the 

in v e s t ig a t io n  o f  the e lec troox ida tion  of 5-MTHP, p a r t i c u la r ly  from the 

viewpoint of iden tify in g  the e le c t ro ly s i s  products.
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CHAPTER II 

RESULTS AND DISCUSSION 

Linear and Cyclic Sweep Voltammetry

pH study of 5-MTHP. At low pH 5-MTHP ex h ib i ts  one major 

oxida tion  peak id e n t i f i e d  as peak I a t  a sweep r a te  of 5 mV s '^  a t  a 

py ro ly t ic  g raph ite  e lec trode  (PGE) (Figure 1). The pH dependence of 

the  peak p o te n t ia l  (Ep) of peak 1^ is  given by Equation 3 and i s  

i l l u s t r a t e d  in Figure 2.

Peak I^ ; Ep(pH 1.4-11) = [0.43-0.047 pH]V (3)

Below pH 3 the re  are  th ree  o ther very small peaks v is ib le  

in the l in e a r  sweep voltammetry, peaks 11^, I I I ^ ,  and IV^ (Figure 1). 

Peaks I I  and I I I  appear as shoulders on peak I and th e i r  peak 

p o te n tia l  i s  f a i r l y  d i f f i c u l t  to  determine. Peak IV, is  considerably
a

more p o s i t iv e  and is  well defined although i t  has a very small peak 

c u rren t .  The v a r ia t io n  of the peak p o te n t ia l  with pH is  given by 

Equations 4-5 and is  i l l u s t r a t e d  g raph ica lly  in Figure 2.

Peak II  : E (pH 1.4-7) = [0.51-0.049 pH] V (4)a p

Peak III : E (pH 1.4-9) = [0.63-0.053 pH] V (5)a p

Peak IV : E (pH 1.4-8) = [0.83-0.054 pH] V (6 )a p

In the pH range 7-9 peaks II , I I I  , and IV, become too poorly
a a a

1 6 6
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Figure  1. L in ea r  sweep voltammograms o f  1 .0  mM 5-MTHP in  phosphate  b u f f e r s  
o f  i o n i c  s t r e n g t h  0 .5  M. Sweep r a t e :  5 mV s " l .  (A) pH 1 ,4  and
(B) pH 4 .6 .
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of 1.0 mM 5-MTHP observed a t  a PGE a t  a sweep ra te  of 5 
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defined to  determine the peak p o ten tia l  accura te ly .  At pH 9, a new 

small oxidation peak designated peak IV' appears and is  v is ib le  to
a

pH 11. Over th i s  range the pH dependence i s  given by Equation 7 and 

i s  i l l u s t r a t e d  in  Figure 2:

Peak IV^: Ep(pH 9-11) = [0.71-0.048 pH] V (7)

Peak V, appears a t  pH 4.2 and is  never very la rg e .  Peaks VI 

and VII, a lso  begin to  appear in th i s  pH region. They appear as a very 

broad peak which i s  only p a r t i a l l y  resolved. At pH 6  peak VII^ can no 

longer be seen as an id e n t i f i a b le  shoulder on peak VI^. However peak 

VI becomes la rg e r  as the pH increases and is  observed to  the upper
a

l im i t  of th e  pH range in v e s t ig a te d .  The pH dependence of these voltam­

m etric oxidation peaks i s  summarized by Equations 8-10 and Figure 3.

Peak V : E„(pH 4-10) = [0.92-0.047 pH] V ( 8 )a p

Peak V I :  E„(pH 6-11) = [1.43-0.072 pH] V (9)a p

Peak VII : E„(pH 4-6) = [1.47-0.051 pH] V (10)a p

Under cyc l ic  voltammetric conditions several new oxidation 

peaks appear on the second p o s i t iv e  sweep. P a r t ic u la r ly  a t  low pH 

the peak cu rren t  of peak I^ approaches the value of the peak curren t 

fo r  peak I^ (Figure 4A). At pH 1.4 oxidation peaks I^ ,  I^ ,  and I T  a l l  

ex h ib it  reverse peaks designated I^ ,  I^ ,  and I T  respec t ive ly .  The only 

other oxidation peak observed a t  pH 1.4 is  peak V, a t  a sweep ra te  of 

200 mV s” ^. Reduction peaks 11^ and I 11^ are  a lso  observed a t  th i s  low 

pH. As the pH i s  increased to  4.7 several d iffe rences  are observed, 

most notably oxidation peak 11^ is  absent (Figure 48). Peak 11^ appears
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phate buffers, u=0.5 M. Sweep rate: 200 mV s"^. CA) pH
1.4, (B) pH 4.7, and TO pH 9.2.
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to  be merged toge ther  with peak Several o ther  reduction reaks are 

observed however, peaks IV^ and increase in s iz e .

As the pH is  increased above pH 7 the p a r t i a l l y  resolved peaks

VI, and VII have increased in s ize  to  the po in t where they are  now 

la rg e r  than peak V̂  (Figure 4C). I t  is  a lso  apparent th a t  reduction 

peaks I^ ,  r , and 11^ are much sm aller a t  pH 9.15 than a t  lower pH. The 

r a t i o  of peak I '  to  I is  much lower a t  higher pH ind ica ting  th a t  the 

i n i t i a l  oxidation product of peak I^ which is  reduced a t  peak I^ is  

p resen t a t  a sm aller percentage o f  the to ta l  products.

I f  the pos it ive  po ten tia l  sweep is  reversed before the peak

p o te n t ia l  o f  peak VI, is  reached, reduction peak I I I ,  i s  observed to be

very small in the subsequent negative sweep (Figure 5). Oxidation peaks 

VI and VII are  resolved in to  definable  peaks only in the narrow pH
a  a

range, 4-6 , a t  a sweep r a te  of 5 mV s~^. However, a t  a sweep ra te  of

200 mV s”  ̂ peak VI^ i s  much more c le a r ly  defined above pH 6 .

Further inves t iga t ion  of the peak l y i ^  rev e rs ib le  couple reveals

th a t  the peak separa t ion ,  AE , is  29±5 mV from pH 1.4 to  8  a t  a sweep ra te
P

of 200 mV s " \  This i s  c h a ra c te r i s t i c  fo r  an electrochem ically  rev e rs ib le  

reac tion  where AÊ  = ^  mV. The v a r ia t io n  of the peak po ten tia l  of 

peak r  with pH i s  given by Equations 11 and 12:
d

Ep(pH 1.4-7) = [0.18-0.038 pH] V (11)

Ep(pH 7-11) = [0.40-0.069 pH] V (12)

The re v e rs ib le  behavior and the pH equations are very s im ila r  to  th a t

reported  fo r  the peak I^ / I^  rev e rs ib le  couple of te trah y d ro p te r in .^

The re v e rs ib le  couple peak I V / I V  a lso  exh ib its  s im ila r  behavior to
& c



173

C
(D
k. 
k.
3
ü

I I . ill

1 . 0  0 . 5  0  - 0 . 5  - 1 . 0  - 1 . 5
P o t e n t i a l / V o l t  vs .  SCE

Figure 5. Cyclic voltammogram o f  0 .9 mM 5-MTHP in pH 4.6 phosphate
b u ffe r ,  y=0.5 M. Switching p o te n t ia l  was negative o f  peaks 
Via and Vllg. Sweep r a te :  200 mV s~^  a t  a PGE.
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th a t  reported fo r  the peak I V I '  rev e rs ib le  couple of 7 ,8 -d ihydrop terin .^  

I t  is  only observed a t  pH values below pH 3 however. For example, the 

peak p o ten tia l  fo r  peak 11^ a t  pH 1.43 (Figure 4A) is  0.25V/SCE. The 

peak p o ten tia l  fo r  peak I ' of 7 , 8 -d ihydropterin  is  ca lcu la ted  from the 

equation fo r  the pH dependence as 0.27 V/SCE.^ Apparently both the 

quinonoid species of te trahyd rop te rin  and 7 ,8-dihydropterin  respec tive ly  

are  generated in the peak I oxidation process of 5-MTHP.

S im ilarly  reduction peaks 11^ and (Figure 4B) can be 

compared to  the reduction peaks observed in cyc l ic  voltammetry of an 

au then tic  p te r in  sample (see Figure 478 below). The po ten tia l  of peak 

i s  iden tica l  with the peak po ten tia l  of the second reduction peak 

of p te r in ,  however the peak p o ten tia l  of peak 11^ (0.58V in Figure 48) is  

somewhat d i f f e r e n t  from th a t  of the f i r s t  reduction peak of p te rin  

(0.62V in Figure 478). I t  is  reported  th a t  the f i r s t  reduction peak 

(also id e n t if ie d  as peak 11^ in reference 7) of p te r in  has a very la rge

adsorption component. Adsorption has been shown to cause a s h i f t  in
38peak, p o ten tia l  with change in concentration . This could c e r ta in ly  

explain the s h i f t  in the peak p o ten tia l  observed fo r  peak 11^. From the 

peak curren t observed fo r  peak 11^ of 5-MTHP in Figure 48 and the peak 

cu rren t fo r  peak 11^ of au then tic  p te r in  in Figure 478 i t  can be 

ascerta ined  th a t  the concentration of p te r in  is  much higher in the 

so lu tion  containing au then tic  p te r in .

Concentration study . A peak cu r ren t ,  ip ,  concentration 

study on 5-MTHP was ca rr ied  out in pH 4.7 phosphate buffer of ionic 

s treng th  0.5 M. pH 4.7 was chosen fo r  th i s  investiga tion  because the 

predominant buffer  species is  HgPO^" a t  th is  pH. E ar l ie r  electrochemical
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inves t iga t ions  of o ther  te trahyd rop te rin s  have shown th a t  phosphate

buffers  ca ta lyze  the rearrangement of in term ediates  generated in the

peak Ig oxidation p r o c e s s e s T h e r e f o r e  i t  was f e l t  th a t  the

complexity of th i s  process could be reduced by having HgPO^" as the

predominant species p resen t in the buffer so lu tio n .  Also a t  th is

pH 5-MTHP is  p resen t almost e n t i r e ly  as the monocation (ca. 95%) since
39

the pH is  ca. 1.3 un its  lower than the pK  ̂ o f  5.99. The voltaimietry 

ind ica tes  th a t  the peak VI -VII process does not occur to  any g rea t  

ex ten t a t  pH 4.7.

The peak cu r re n t ,  ip ,  behavior as a function of 5-MTHP con­

cen tra t io n  i s  i l l u s t r a t e d  in Figure 6  fo r  peak I^. I t  is  ca. l in e a r  

up to  2.4 mM 5-MTHP ind ica ting  th a t  adsorption of 5-MTHP does not make 

an important con tribu tion  to  the peak cu rren t  of peak 1 ^.

In the cy c l ic  voltammetry of 5-MTHP a t  a sweep r a te  of 20 

mV s”  ̂ several add itional reduction peaks are  observed which were not 

observed a t  a sweep ra te  o f  200 mV s '^ .  One of th e se ,  peak IV^, increases 

in s iz e  as the concentration decreases (Figure 7A,B). The other peak,

I i r  , is  observed simply because the sweep ra te  is  slower than the 

sweep r a t e  of the cy c l ic  voltammograms discussed in the pH study (vide 

supra). This behavior w ill be discussed fu r th e r  in the sweep ra te  

study. At a sweep r a te  of 200 mV s~^ the peak cu rren t fo r  peak 1^ 

increases r e la t iv e  to  the peak cu rren t fo r  peak I^ as the concentration 

decreases (Figure 8 A,B,C).

Sweep r a te  study a t  pH 4 .7 . A sweep ra te  study of 1.0 mM 

5-MTHP was ca rr ied  out in pH 4.7 phosphate bu ffer  over the sweep ra te  

range o f  10 m V s '^ to  50 V s"^. The peak cu rren t increases in an ca.
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Figure 6 . V ariation  of peak cu rren t ,  i p ,  concentration fo r  peak 
Ig o f  5-MTHP in pH 4.7 phosphate bu ffe r .  Sweep r a te :
5 mV s-1 .
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Figure 7. Cyclic voltammograms o f 5-MTHP at the PGE in  pH 4.7 phos­
phate bu ffe r. Sweep ra te : 20 mV s - 1 .  5-MTHP concentra­
tion (A) 0.075 mM, (B) 0.77 mM.
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Figure 8 . (A) Cyclic voltammogram of 0.075 mM 5-MTHP a t  the PGE in pH 
4.7 phosphate bu ffe r .  Sweep ra te :  200 mV s " l .
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Figure. 8 . Cyclic voltammograms of 5-MTHP a t  the PGE in  pH 4.7 phos­
phate. Sweep r a te :  200 mV s ‘ l .  5-MTHP concentration
(B) 0.77 mM, and (C) 2 .4  mM.
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l in e a r  fashion up to  50 V s  ̂ as a function of the square root o f  the

sweep r a te  (Figure 9A). This supports the evidence presented in the

concentration study th a t  adsorption does not play a s ig n i f ic a n t  ro le

in the  peak I process. The peak cu rren t function , i_ /v ^ ,  increases a p

s l ig h t ly  with the square roo t of the sweep ra te  as i l l u s t r a t e d  in 

Figure 9B in d ica t iv e  of a small amount of adsorption. Actually the 

complete peak cu rren t function  is  ip/ACv"^, however A (the area of the 

e lec trode)  and C (the  5-MTHP concentration) do not change s ig n i f ic a n t ly  

during the course of the study.

As mentioned above peak I 11^ increases in s ize  as the sweep 

r a te  i s  decreased (Figures 4B, 10A,B). I t  can be seen in Figure 10A,B 

th a t  peak IV^ a lso  increases in s iz e  as the sweep ra te  i s  decreased. 

However peak IV^ does not become as la rge  a t  slow sweep ra te s  as i t  

does a t  low concentrations (see Figure 7A). Increasing the sweep ra te  

revea ls  th a t  reduction peak IV^, which is  f i r s t  observed a t  500 mV s~^ 

(Figure l lA ) ,  increases in s ize  (Figure IIB ).  At a sweep ra te  of 

20 V s"^ a new oxidation peak i s  observed a t  ca. -0.5V/SCE which will 

be designated peak I I I^  (Figure IIC). This peak i s  the same peak which 

i s  id e n t i f i e d  as peak IV^ in the cy c l ic  voltammetry of p te r in .^  I t  is 

not observed a t  slower sweep ra te s  because of the i n s t a b i l i t y  of the 5, 

8 -d ihydrop terin  generated in the peak 1 1  ̂ process.

The f a c t  th a t  oxidation peaks II  -V a l l  disappear as thea d
sweep r a te  is  increased ind ica te s  they are due to the e lec troox ida tion  

of products formed from the rearrangement of in term ediates generated in 

the peak I process. I t  was a lso  observed th a t  several reduction peaks 

increase  as the sweep ra te  decreases while o ther reduction peaks are
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Figure 9. (A) Peak cu rren t fo r  peak Ig o f  1 .0  mM 5-MTHP vs_. the square
root o f  the sweep ra te  a t  pH 4 .7 .  (B), Peak cu rren t function
fo r  peak K  o f 1 .0 mM 5-MTHP vs. the square root o f  the sweep 
a t  pH 4.7.
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Figure 10. Cyclic voltammograms o f 1.0 mM 5-MTHP at the PGE in  pH
4.7 phosphate bu ffe r. Sweep rate; (A) 50 mV s~l and
(B) 10 mV s - 1 .
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Figure 11. Cyclic voltammograms of 1.0 mM 5-MTHP at the PGE in pH 4.7
phosphate bu ffe r. Sweep rate: (A) 500 mV s“ l ,  (B) 2 V s-1,
and (C) 20 V s-1.



184

observed only a t  high sweep r a te s .  This f a c t  together with the obser­

vation th a t  both reduction peaks and decrease with increasing 

sweep r a te  suggests th a t  more than one in term ediate is  generated in the 

peak oxidation process. I t  was not possib le  to  determine whether 

both in term ediates  are  generated simultaneously or whether one in t e r ­

mediate i s  generated which rearranges to  a second in term ediate . This 

second in term ediate  would then rearrange to  the f in a l  product.

Bulk E lectro lyses  of 5-MTHP

Large sca le  e le c tro ly se s  of 5-MTHP were performed in pH 4.7 

phosphate bu ffe r  with an ion ic  s treng th  of 0.5 M or in 0.5 M NaCl pH 

4.7±0.1. I t  is  apparent from the voltammetry th a t  the re  are several 

oxidation peaks very close to  peak I^ ,  the re fo re  e lec tro ly se s  were 

ca rr ied  out a t  the half-peak p o te n t ia l ,  0.20V vs_. SCE in pH 4.7 

phosphate. A fter e lec troox ida tion  a t  0.20V/SCE a number of oxidation 

and reduction peaks are observed (Figure 12A,B). Figure 13 shows th a t  

peaks I I I  and IV both ex h ib i t  q u as i- rev e rs ib le  reduction peaks.

5-MTHP was a lso  e lec tro lyzed  a t  peak 1^ p o te n t ia ls  in a 

so lu tion  containing 0.5 M NaCl maintained a t  pH 4.7±0.1 by monitoring 

the pH during the e le c t ro ly s i s  and adding m ic ro l i te r  q u a n t i t ie s  of ca_.

1 ]i NaOH. Figure 14A shows a cyc lic  voltammogram of 5-MTHP before the 

e l e c t r o ly s i s .  A fter the e le c t ro ly s i s  a number of new oxidation and 

reduction peaks are  observed (Figure 14B). Because of the change in 

pH a t  the e lec trode  surface as a r e s u l t  of the re lease  or consumption 

of protons during the redox processes a s h i f t  in peak p o te n t ia ls  is  

observed r e la t iv e  to the peaks in phosphate bu ffer .  The peaks are  a lso
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Figure 12. Cyclic voltammogram of 0.75 irM 5-MTHP a t  the PGE in pH 4.7 
phosphate b u f fe r ,  p=0.5 M a f t e r  e lec tro o x id a t io n  a t  0.20V. 
Sweep r a te :  200 mV s"^. (A) I n i t i a l  sweep negative and (B) 
i n i t i a l  sweep p o s i t iv e .



186

C
o

3
O 5 ^ A

1.0 0 . 5  0  “ 0 .5  “ 1.0
P o te n t ia l /V o l t  vs. SCE

Figure 13, Cyclic voltatnmogram of 0.75 irW 5-MTHP a t  the PGE in pH 4.7
phosphate b u f fe r ,  u=0.5 M a f t e r  e l e c t r o x idation a t  0.20V/SCE. 
Sweep ra te :  200 mV s " l .  I l l u s t r a t e s  the r e v e r s ib i l i t y  of 
peaks I l l g  and IVg.
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Figure 14. Cyclic voltammograms of 2.3 mM 5-MTHP a t  the PGE in pH 
4 .7 ,  0.5 M NaCl. Sweep r a te :  200 mV s -1 ,  (A) Before
e le c t ro ly s i s  and (.B) a f t e r  e l e c t ro ly s i s  a t  0.26V/SCE 
(Ep/2).
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broadened fo r  the same reason. However i t  appears th a t  the oxidation 

y ie ld s  s im ila r  products.

Several d iffe rences  were noted between e le c tro ly se s  performed 

in pH 4.7 phosphate buffer and those performed in 0 .5 M NaCl so lu tio n s .  

E lectro lyses  in 0.5 M NaCl were found to proceed much f a s t e r  and were 

usually  completed in several hours. This was determined from cyc lic  

voltammetry. In co n tra s t ,  e lec tro ly se s  c a r r ie d  out in phosphate buf­

fe r  usually  required app lica tion  o f  p o ten tia l  fo r  12-18 hours to  pro­

ceed to  completion. Another d iffe rence  noted was the much more in tense  

yellow color generated during e le c t ro ly s i s  in the phosphate b u ffe r .  This 

has been a t t r ib u te d  to the formation o f  a g rea te r  percentage o f  xantho­

p te r in  (see section on product id e n t i f i c a t io n  below).

n-Values fo r  Large-Scale E lec tro ly s is

E lectro lyses  were ca rr ied  ou t in pH 4.7 phosphate a t  p o te n t ia ls  

necessary to  oxidize fresh  so lu tions  of 5-MTHP a t  peaks 1. -V, as well 

as a t  several more p o s it iv e  p o te n t ia l s .  Results a re  shown in Table 1.

I t  can be seen in Table 1 th a t  e l e c t ro ly s i s  a t  peak I appears to give 

s l ig h t ly  more than 2 e lec trons  per molecule. I t  is  also  observed th a t  

e lec tro ly se s  a t  successive peaks y ie ld  revalues which are  only 

f r a c t io n a l ly  la rg e r .  This ind ica tes  th a t  they are  probably oxidation 

of only a p a r t  o f  the products formed in the peak 1^ process. In f a c t  

i t  is  possib le  th a t  some o f the products from peak I e l e c t ro ly s i s  of 

5-MTHP are not e le c tro a c t iv e .

Electro lyses in  th in - la y e r  c e l l . Further e le c tro ly se s  were 

ca rr ied  out in phosphate buffers in a RVC th in - la y e r  c e l l .  The po ten tia l
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. TABLE 1

IT-Values fo r  E lec tro ly s is  of Fresh Solutions of 0.75 mM 

5-MTHP in pH 4.7 Phosphate^

Potential/V  vs. SCE 
Peak

£ - Value

0.20 ■a 2.4±0.2

0.32 “ a 2.8+0.1

0.40 " ' a 3.0±0.1

0.60 " a 3.1^

0.80 "a 3. lb

0.95 3 . 4 b

1.30 4.sb

^Electrolyses were ca rr ied  out in  a th ree  compartment ce l l  a t  a 
la rge  PGE.

*^Only a s ing le  experiment was performed a t  these p o te n t ia l s .

fo r  e le c t ro ly s i s  was determined by running a l in e a r  sweep voltammogram 

in the RVC th in - la y e r  ce l l  (Figure 15). E lectro lyses were ca rr ied  out 

a t  the peak po ten tia l  of the f i r s t  peak. The number of e lec trons  

tra n s fe r re d  under these conditions i s  reported in Table 2. A fter e le c t ro ­

oxidation of the so lu tion  a t  peak 1^, the p o ten tia l  was s e t  a t  the peak 

p o ten tia l  of the l a s t  oxidation peak in the l in e a r  sweep voltammogram 

(c a . 0.73V/SSCE in Figure 15). The number of e lec trons  t ra n s fe r re d  

under these conditions in a lso  reported  in Table 2.
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Figure 15. Linear sweep voltammogram of 0.99 nM 5-MTHP in  pH 4.2 phos­

phate a t  a RVC e lec trode  in a th in - la y e r  c e l l .  Sweep ra te :

5 mV s -1
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TABLE 2

Coulometnc Va lues Observed Upon Electrooxidation of

1.0 mM 5-MTHP in Phosphate Buffers^

pH
Potentia l
V/SSCED ji-Val ue

P o ten tia l
V/SSCE^ rv-Value

Total
n-Value

1 . 8 0.56 2.7 0.85 2.4 5.1

3.1 0.55 3.4 0.80 1.5 4.9

4.2 0.50 3.3 0.73 0.7 4.0

4.7 0.64 3.5 0.98 1.5 5.0

5.8 0.46 2.3 0.90 1.7 4.0

6.9 0.48 4.1 0.90 1.7 5.8

7.8 0.40 3.8 0.80 3.7 7.5

9.6 0.32 3.0 0.80 2 . 1 5.1

10.3 0.26 2.4 0.75 2.4 4.8

10.7 0.23 1.9 0.73 2 . 6 4.5

E lec tro lyses  were ca rr ied  out in phosphate buffers  o f  ionic 
s tren g th  0.5 M a t  a RVC working e lec trode  in a th in - la y e r  c e l l .

^"Applied p o te n tia l  corresponds to  the peak p o ten tia l  of peak I 
determined by running a voltammogram in the  th in - la y e r  c e l l .  This 
po te n t ia l  a lso  oxidizes the peak corresponding to  peak II  a t  a PGE 
m icroelectrode.

^Applied po ten tia l  was the peak p o te n t ia l  of the l a s t  voltarn- 
m etric  oxidation peak observed in the th in - la y e r  c e l l .  E lec tro ly s is  
a t  t h i s  po ten tia l  was ca rr ied  out a f t e r  exhaustive e le c t ro ly s i s  a t  
peak I p o te n t ia ls .
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E lec tro ly s is  a t  peak L  p o te n t ia ls  was also  found to
a

e lec tro ly ze  the species which is  responsible  fo r  peak II  . The number
a

of e lec trons  t ran s fe r red  under these conditions was 3.0+0.7ie per 

molecule. This compares with the value of 2.8e fo r  peak II
— a

e le c t ro ly s i s  in pH 4.7 phosphate bu ffer  in the la rg e -sc a le  e le c t ro ly s i s  

c e l l .  The number o f  e lec trons  t ran s fe r red  fo r  complete e le c t ro ly s i s  

in the th in - la y e r  ce l l  is  4.8±0.6£ per molecule compared to  3.1 in 

the bulk e le c t ro ly s i s  a t  peak V^. This suggests the p o s s ib i l i ty  th a t  

some of the products generated (in  the oxidation processes which occur 

a t  more negative p o te n t ia ls )  during bulk e le c t ro ly s i s  are  decomposing to 

e le c tro in a c t iv e  compounds before they can be e lec tro lyzed  fu r th e r .

Since the e lec tro ly se s  in the th in - la y e r  ce l l  are  usually  completed in 

le ss  than 25 minutes there  is  not nearly  as much time fo r  the decom­

pos ition  to  take place.

Thin Layer Spectroelectrochem istry

Because the cyc lic  voltammetry ind ica tes  th a t  several in t e r ­

mediates a re  generated in the peak 1^ e le c t ro ly s i s  of 5-MTHP i t  was 

decided to  study these intermediates using th in - la y e r  sp ec tro e lec t ro ­

chemi s t ry .  A number of e lec tro ly se s  were a lso  ca rr ied  to completion to 

study the u.v. spectrum of the products.

The f i r s t  pH studied was 4.7 because many of the o ther 

in v es t ig a t io n s  had been ca rr ied  out a t  th i s  pH. In pH 4.7 phosphate 

bu ffe r ,  y=0.5, the peak po ten tia l  of peak 1^ was 0 . 5 7 V/SSCE in the 

RVC th in - la y e r  c e l l .  E lectrolyses were then ca rr ied  out a t  p o te n t ia ls  

somewhat negative of the peak I^ p o ten tia l  to minimize in te r fe ren ce  by
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o the r  oxidation processes. E lectro lyses  of 1.0 mM 5-MTHP were ca rr ied  

out a t  0.39V (ca. Ep/2) fo r  100s and 0.49V (2^-80 mV) fo r  50s to 

generate an appreciable  concentration  of the in term edia tes .  The re s u l t s  

a re  presented in Figure 16. No s ig n i f i c a n t  d if fe rences  are noted fo r  

the two d i f f e r e n t  p o te n t ia l s .  Curve 1 in Figures ISA and B is  the 

spectrum o f  5-MTHP a t  pH 4.7 and ex h ib its  maxima a t  215 nm and 256 nm. 

Upon i n i t i a t i o n  of the oxidation the peak a t  215 nm began to decrease 

and the  peak a t  266 nm increased. A fte r  a short  time the RVC working 

e lec trode  was open-c ircu ited  and the spec tra  in curve 2  were recorded. 

U.v. peaks a re  a t  Xj^g^=219 nm and 269 nm in curve 2 of Figure 16A,B.

As the in term ediate  species decays, the absorbance of the short  wave­

length peak increased and the absorbance o f  the peak a t  269 nm decreased. 

A general inc rease  in  absorbance was noted in the region above ca. 320 

nm. Curve 3 (Figure 16A,B) i s  the spectrum a f t e r  complete decay o f  the 

in term ediate  and peaks are now observed a t  ^̂ jy,ax=216 nm, 264 nm, 316 nm, 

and 387 nm. The la rg e s t  absorbance change occurred a t  ca. 264 nm.

When the e lec tro ly se s  a t  these  two p o te n t ia ls  were ca rr ied  to 

completion several d iffe rences  were observed. A fter e le c t ro ly s i s  a t  

0.39V/SSCE the spectrum shown in curve 2 of Figure 17A is  observed with 

=216 nm, (276) nm, (305) nm, and 390 nm. The peak a t  216 nm is  very
I T i a X

broad and the in f le c t io n  a t  305 nm is  q u ite  pronounced. When the 

e l e c t r o ly s i s  po ten tia l  was 0.49V/SSCE the spectrum of the e le c t ro ly s i s  

product (curve 2, Figure 17B) had X^^^=205 nm, (231) nm, (278) nm,

(305) nm, and 388 nm. The peak a t  388 nm was observed to  be considerably 

la rg e r  when e lec troox ida tion  was ca rr ied  out a t  the more pos itive  

p o te n tia l  and the in f le c t io n  a t  305 nm is  considerably smaller. 7 ,8-
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Figure 15. Spectra observed during Peak Ig electrolysis of 1.0 mM
5-MTHP and decay of the intermediate species generated at 
a RVC electrode in a thin-layer cell. Repetitive scans 
are 19s. Buffer was pH 4.7 phosphate, u=0.5 M. Curve 1 
is the spectrum of 5-MTHP. Curve 2 is the spectrum iimedi- 
ately upon open-circuiting the RVC working electrode after 
(A) 100s electrolysis a t 0.39V/SSCE (En/2) and (B) 50s 
electrolysis at 0.49V/SSCE (Ep - 80 mV;. Curve 3 is  the 
spectrum afte r  decay of the intermediate.
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Figure 17, Spectra observed during complete e l e c t r o ly s i s  of 1.0 mM
5-MTHP in  pH 4.7 phosphate b u f fe r ,  u=0.5 M a t  a RVC e le c ­
trode in a th in - la y e r  c e l l .  Curve 1 i s  the spectrum of 
5-MTHP before e l e c t r o l y s i s .  Curve 2 i s  the spectrum a f t e r  
complete e l e c t r o ly s i s  a t  (A) 0.39V/SSCE (Ep/2) and (B) 
0.49V/SSCE (Ep - 80 mV). Consecutive scans are 19s.
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dihydroxanthopterins have an absorption maximum a t  ca. 305 nm and
40

xanthopterin  has an u .v .  peak a t  388 nm. Therefore e l e c t ro ly s i s  a t  

the more p o s i t iv e  p o te n tia l  apparently  produces more xanthopterin .

In Figure 16 (pH 4.7) the  peak which i s  observed in  curve 3 

a t  ç a .  316 nm is  c h a r a c te r i s t i c  fo r  7 , 8 -d ihydrop terin  (7,8-DHP). The 

reported  spectrum fo r  7,8-DHP has u.v . maxima a t  X=280 nm and 320 nm 

a t  pH 6 . 8 .^^ The peak a t  c£. 316 nm was not observed when the po ten tia l  

was applied  u n t i l  e l e c t r o ly s i s  was complete (curve 3, Figure 17A,B). 

7,8-DHP i s  the rearrangement product of qu inonoid-dihydropterin  and was 

oxidized as quickly  as i t  was produced. However, i f  the working 

e lec trode  was o pen -c ircu ited  a f t e r  a s ig n i f ic a n t  quan tity  o f  the 

quinonoid was genera ted , u .v . peaks c h a r a c te r i s t i c  of 7,8-DHP were 

observed in  the spectrum i l l u s t r a t e d  by curve 3 in Figure 16.

Above the pK  ̂ (5.99) of 5-MTHP the i n i t i a l  spectrum of 1.0 mM

5-MTHP ex h ib i ts  u .v . peaks a t  X^g^=218 nm and 288 nm (Figure 18, curve 1). 

At pH 7.83 the peak p o te n t ia l  of peak i s  0 .3 8 V/SSCE in the  RVC th in -  

layer  c e l l .  Since th e re  i s  no apparent d if fe ren ce  between the behavior 

when a p a r t i a l  e l e c t r o ly s i s  i s  c a r r ie d  out a t  Ep/2 or a t  80 mV negative 

of the peak p o te n t ia l ,  f u r th e r  e le c tro ly se s  to  generate  the intermediate 

were done a t  Ep-  80 mV so a higher concentration  of the interm ediate 

could be obtained. A fter e l e c t r o ly s i s  a t  0.30V/SSCE fo r  50s, the RVC 

working e lec trode  was open -c ircu ited  and the spectrum in curve 2  of 

Figure 18 was recorded. The peak a t  218 nm is  no longer observed, 

in s tead  a new peak a t  246 nm i s  observed. The peak a t  288 nm only 

ex h ib i ts  a decrease in absorbance during the p a r t i a l  e l e c t r o ly s i s .  Since 

the peak a t  246 nm i s  not observed in e i th e r  the spectrum of 5-MTHP
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(curve 1, Figure 18) or in the spectrum of the f in a l  product (curve 3, 

Figure 18) i t  must be c h a ra c te r i s t ic  of the in term ediate . Curve 3 of 

Figure 18 is  the spectrum of the f in a l  product with u.v. peaks a t  

226 nm and 284 nm and an in f le c t io n  a t  ca. 332 nm. This compares 

almost exactly  with the reported spectrum of 7,8-DHP a t  pH 7 

nm, 280 nm, and 330 nm).^

The spec tra l changes which occur between curves 2 and 3 

(Figure 18) are  qu ite  unusual. For example, the absorbance of the peak 

a t  287 nm f i r s t  decreases and then increases again. S imilar behavior 

is  exhib ited  in the wavelength region above 320 nm. When the e le c t ro ly s i s  

was c a r r ie d  to  completion the spectrum in curve 2 o f  Figure 19 is  observed 

with Xjj,gj^=209 nm, (234) nm, (260) nm, (301) nm, and 398 nm. The peak a t  

398 nm is  m . the wavelength of the long wavelength peak of xanthopterin . 

None o f  the peaks of 7,8-DHP were observed when the  e le c t ro ly s i s  was 

c a r r ie d  to  completion.

Kinetic study . Depending on the wavelength which was monitored,

e i th e r  one or two f i r s t  order r a te  constants are  observed. An absorbance

v s . time curve a t  pH 6.9 fo r  rearrangement of the in term ediates  from

peak Ig e lec troox ida tion  of 5-MTHP is  shown in Figure 20A. This A ys_.

t  curve i l l u s t r a t e s  the type of behavior which y ie lded  two r a te  constan ts .

The method fo r  ca lcu la ting  the two ra te  constants i s  reported  in the

6 -MDHP section  of Part II. The f a c t  th a t  there  are  two r a te  constants is

immediately obvious when a p lo t  of In A v£. t  is  prepared (Figure 20B).

One f i r s t  order ra te  constant gives a s t r a ig h t  l in e  when In A \^ .  t  is

p lo t ted .  Table 3 l i s t s  the r a te  constants obtained fo r  rearrangement of

peak I e lectroox ida tion  generated in term ediates . Two r a te  constants a
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Figure 18. Spectra observed during Peak e le c t ro ly s i s  o f  1.0 mM
5-MTHP and subsequent decay o f  the in term ediate  generated 
in pH 7.8 phosphate b u f fe r  a t  a RVC e lec trode  in a th in -  
layer  c e l l .  Curve 1 is  the spectrum o f 5-MTHP. Curve 2 
is  the spectrum immediately upon open-c ircu it ing  the RVC 
e lec trode  a f t e r  50s e le c t ro ly s i s  a t  0.30V/SSCE (Ep - 80 mV), 
Curve 3 i s  the spectrum a f t e r  cotiplete decay o f  the i n t e r ­
mediate. Repetit ive  scans are 19s.
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Figure 19. Spectra observed during complete e l e c t r o ly s i s  o f  1.0 mM 
5-MTHP in pH 7.8 phosphate b u f fe r ,  u=0,5 M a t  a RVC e le c ­
trode in a th in - la y e r  c e l l .  Curve 1 i s  the spectrum of  
5-MTHP. Curve 2 i s  the spectrum a f t e r  complete e l e c t r o ly ­
s is  a t  0.30V/SSCE (Ep - 80 mV). R epetit ive  scans are 19s.
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Figure  20. (A) Absorbance vs . tim e curve observed  a f t e r  e l e c t r o o x i d a t io n  o f
1.0 5-MTHP in  pH 6 .9  phosphate  b u f f e r ,  y=0.5 M a t  peak I g 
p o t e n t i a l s  (0.24V/SSCE. 5 - / 2 ) .  Arrow i n d i c a t e s  time a t  which 
the  working e l e c t r o d e  was o p e n - c i r c u i t e d .  (B) Ln |A-A^| v s . 
t  p l o t  f o r  th e  decay curve in  A
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are  not always observed because sometimes the slow ra te  constant could 

not be determined due to d iffu s ion  of the s ta r t in g  material in to  the 

RVC working e lec tro d e .

At pH 6.9 and 7.8 the ra te  constants  fo r  the f a s t  step  

compare q u i te  well with those reported  fo r  the chemical rearrangement 

of the qu inonoid-dihydropterin generated from te trah y d ro p te r in .^  As 

the pH i s  decreased fu r th e r  the ra te  constan t does not inc rease ,  but 

in s tead  i s  observed to  become much sm aller.  This slower s tep  could 

be rearrangement of 5-methyl- 5 , 8 -d ihydrop terin  because none of the 

in term ediates  generated in the e lec troox ida tion  of 7,8-DHP and t e t r a -  

hydropterin  absorb a t  246 nm.

Id e n t i f ic a t io n  of Peak L  E lec tro ly s is__________________________â______________

Products of 5-MTHP

Product s  from e lec tro ly se s  in pH 4.7 PO4  u=0.5 M. S i ly la t io n  

of the separated  products from e le c tro ly se s  ca rr ied  out in pH 4.7 

phosphate b u ffe r  was ra th e r  unsuccessfu l. BSA, BSTFA, and MTBSTFA were 

a l l  t r i e d  as s i ly l a t i n g  reagents and pyrid ine and a c e to n i t r i l e  were 

t r i e d  as so lven ts .  The temperature and time of the s i ly l a t io n  reac tion  

were varied  in an attempt to obtain a de r iv a tized  product. All the 

components which e lu te  near the phosphate peaks in  the l iq u id  chromato­

graphy were so contaminated with phosphate th a t  the only GC peak observed 

was th a t  o f  s i ly l a t e d  phosphate.

MTBSTFA was used as the s i ly l a t i n g  reagent a t  a temperature of 

140°C. The to ta l  ion cu rren t chromatogram in the GC-MS always exhibited  

the same peaks regard less  of the compound which was s i ly l a te d .  These
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TABLE 3

F i r s t  Order Rats Constants Obtained fo r  t h e . Chemical Rearrangement of

Intermediates Generated Upon Electrooxidation of 1.0 mM 5-MTHP at Peak I ^— a

pH*" kjXlO^/s'^ k® kgXlO^/s"^

4.7 0.23+0.03

5.8 2 .5+0.7^ l . l i O . l 0.9+0.1

6.9 1.7±0.3 1.7+0.4 0.20+0.09

7.8 1.7±0.2 1.4+0.3 0.80+0.07

^ 'Potentials applied correspond to Ep/2 and € -80 mV. E lec tro ly s is  
was a t  a RVC working e lec trode  in  a th in - la y e r  c e l l .

^Phosphate buffers having an ion ic  s treng th  of 0.5 M.

''Rate constan t obtained by sub trac t ing  the con tribu tion  to the 
to t a l  absorbance contributed  by the slow s tep .

'^Rate constan t fo r  slow s tep .  Both r a te  constants  were determined 
a t  several wavelengths.

®Only one r a te  constant was observed in  some instances because 
slow step  was obscured by d if fu s io n  of s ta r t in g  m ateria l in to  the RVC 
working e lec trode .

^One r a te  constant was observed when e le c t ro ly s i s  was a t  E -80 mV. 
Two when e le c t ro ly s i s  was a t  Ep/2. P

peaks were determined to  be re a c t io n ,  degradation, or rearrangement 

products of the s i ly la t in g  reagent by running a GC-MS (gas chromatography- 

mass spectrometry) analysis  on a blank containing only MTBSTFA and 

pyrid ine . I t  was l a t e r  found th a t  in several instances the product was 

successfu lly  s i ly l a te d ,  but the s iz e  of the product peak was so much 

sm aller than the peaks c h a ra c te r i s t i c  of MTBSTFA th a t  i t  appeared in s ig ­

n i f ic a n t .
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Phosphate s i l y l a t e s  very ea s i ly  with MTBSTFA even a t  room 

temperature exh ib iting  a la rge  peak in  the to ta l  ion cu rren t chromato­

gram a t  a re te n tio n  time (R^) of ca. 29-30 minutes (Figure 21). The 

mass spectrum of t r i p l y  s i ly la te d  phosphate is  shown in tabu la r  form 

in Figure 22. I t  almost always has a base peak a t  a mass of 383 (M-57) 

and a prominent peak a t  mass 425 (M-15). Often the molecular ion (M+) 

is  a lso  observed a t  mass 440 i f  the to ta l  counts fo r  th a t  peak are above 

ça .  1 0 , 0 0 0 .

However i t  i s  not necessary to observe the molecular ion when 

in te rp re t in g  mass spec tra  of MTBSTFA s i ly l a te d  der iva tives  because of 

the in te n s i ty  o f  the M-57 peak. Thus the mass of the molecular ion 

can be obtained by simply adding 57. Mass spec tra  of compounds s i ly la te d  

with MTBSTFA w ill  almost always show the c le a r ly  recognizable pa tte rn  

of M-57 and M-15 peaks even i f  the sample is  d i lu te .  The reason fo r  th i s

is  the s t ru c tu re  of the t-butyldim ethyl s i l y l  (TBDMS) group which is

t ran s fe r red  to  the sample from MTBSTFA by the reac tion  shown in Equation 

13:

S ÇH, CHj ÇHj CM,

F^C'^  ------S i — C — C H ,  + R XH --------->  R— X— S i — C — C H .  I 1 3 '3 , , I 3 1 , 3
C H g  C H g  C H g  C H g  C H g

M T B S T F A  X = 0 ,  N,  S ,  e t c .

In the mass spectrometer the e a s ie s t  fragment to  lose is  the t e r t i a r y  

butyl carbonium ion because of i t s  s t a b i l i t y ,  hence the intense M-57
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Figure  21. Typical ion  c u r r e n t  chromatogram o f  a MTBSTFA s i l y l a t e d  p ro d u c t  only p a r t i a l l y  
s e p a r a te d  from phosphate  b u f f e r  showing th e  phosphate  peak a t  29 m inu tes .



MASS MASS % MASS MASS %
9 7 . 0 . 3 1 7 9 . 0 1 . 6 2 4 3 . 0 . 2 3 2 8 . 1 2 . 0
9 9 . 0 . 8 1 8 0 . 9 4 . 0 251 .1 . 6 3 2 3 . 9 . 6

1 0 3 . 1 . 5 1 8 2 . 0 . 6 2 5 3 . 0 1 . 2 3 3 0 . 1 . 2
1 0 4 . 9 . 4 1 8 3 . 0 1 . 2 2 5 5 . 0 8 . 1 3 41  . 0 1 . 8
1 0 7 . 1 . 2 1 8 9 . 0 . 7 2 5 6 . 0 2 . 5 3 4 2 . 0 . 5
1 1 5 . 0 1 . 5 1 9 1 . 0 4 . 0 2 5 6 . 9 1 . 8 3 4 3 . 0 . 3
1 1 6 . 1 . 2 1 9 2 . 9 1 1 . 2 2 5 7 . 9 . 5 3 5 1 . 1 . 4
1 1 7 . 0 . 4 1 9 3 . 9 2 . 2 2 6 6 . 9 . 3 3 5 3 . 1 . 4
1 1 9 . 0 . 6 1 9 5 . 0 2 . 6 2 6 9 . 0 1 4 . 1 3 6 7 . 2 1 . 0
121 . 0 . 8 1 9 5 . 9 .4 2 7 0 . 0 1 5 . 9 3 6 8 . 2 . 4
1 2 3 . 0 . 4 1 9 6 . 9 2 . 4 2 7 0 . 9 4 . 9 3 6 9 . 0 . 4
1 3 0 . 9 . 6 1 9 3 . 0 . 3 2 7 2 . 0 4 . 9 3 8 3 . 2 1 0 0 . 0
1 3 2 . 9 8 . 5 1 9 8 . 9 . 3 2 7 3 . 0 1 . 2 3 8 4 . 1 3 2 . 8
1 3 4 . 0 1 . 3 2 0 5 . 0 . 6 2 7 3 . 9 . 6 3 8 5 . 0 1 9 . 3
1 3 5 . 8 2 . 9 2 0 7 . 0 7 . 9 2 8 0 . 8 . 2 3 8 6 . 0 3 . 9
1 3 6 . 0 . 4 2 0 8 . 0 1 .6 2 8 3 . 0 . 3 3 8 7 . 0 . 8
1 3 6 . 9 1 . 6 2 0 9 . 0 1 . 2 2 8 4 . 0 . 4 4 0 9 . 0 . 3
1 3 7 . 9 . 2 2 1 1 . 0 1 5 . 7 2 8 5 . 1 . 2 4 2 5 . 1 5 . 2
1 3 9 . 0 . 2 2 1 2 . 0 2 . 5 2 3 6 . 0 . 2  . 4 2 6 . 1 2 . 0
1 4 7 . 0 2 . 2 2 1 3 . 0 1 . 9 2 94  . 9 . 9 4 2 7 . 1 . 8
1 4 8 . 0 . 5 2 1 4 . 0 . 2 2 9 7 . 0 . 5 4 2 8 . 1 . 2
1 4 8 . 9 . 6 2 2 1 . 1 . 4 2 9 7 . 9 . 3 4 3 9 . 2 . 2
1 5 0 . 9 . 4 2 2 3 . 1 . 2 2 9 9 . 0 . 3
1 5 2 . 9 . 5 2 2 4 . 9 . 3 3 0 9 . 0 . 8
1 5 4 . 8 . 2 2 2 7 . 1 . 3 311 . 1 1 . 0
1 6 3 . 0 . 3 2 3 5 . 0 . 3 3 1 2 . 0 . 5
1 6 5 . 0 . 8 2 3 7 . 0 1 . 2 3 1 2 . 9 . 3
1 6 6 . 2 . 2 2 3 8 . 0 . 2 3 2 2 . 9 . 2
1 6 7 . 0 . 9  . 2 3 9 . 0 . 3 3 2 5 . 0 . 6
1 7 7 . 0 . 9 2 4 1 . 0 1 . 4 3 2 6 . 0 . 9
1 7 7 . 9 . 3 2 41  . 9 . 3 3 2 7 . 1 1 . 4

MASS % MASS % MASS ’< MASS

ë
cn

Figure  22. Mass spectrum  o f  phosphate  t r i p l y  s i l y l a t e d  w ith  MTBSTFA. R^=30 m inu tes .
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peak. Loss of a s in g le  methyl group is  responsible  fo r  the M-15 peak. 

Replacement of an ac t iv e  hydrogen by a TBDMS group increases the 

molecular weight by increments of 114 g/mole fo r  each group tra n s fe r re d .

One problem associa ted  with the analysis  of samples containing 

s ig n i f ic a n t  amounts of phosphate i s  contamination of the GC column 

packing m a te r ia l . In samples containing phosphate some of the phosphate 

was observed to  d isso lve  in the reagen t/so lven t mixture and remain in 

the underivatized s t a t e .  This was subsequently in jec ted  in to  the GC 

column. After the so lven t was boiled o f f  in the GC column a deposit of 

phosphate remained a t  the head of the column. Subsequent in jec tio n s  of 

samples which did not contain phosphate were observed to  y ie ld  chromato­

grams exh ib iting  a la rge  phosphate peak because excess MTBSTFA in the 

sample s i ly l a te d  the underivatized phosphate remaining on the column 

from previous in je c t io n s .

S i ly la t io n  of products from low phosphate b u f fe r . Because of 

the very lim ited  success with the s i ly l a t io n  of the products from peak 

Ig e lec troox ida tion  o f  5-MTHP in pH 4.7 PO^^" o f  ion ic  s treng th  0.5 M, 

i t  was decided to  lower the phosphate concentration of the buffer .  A 

"buffer" was subsequently prepared which had a sodium dihydrogen phosphate 

concentration o f  10 mM. This bu ffer  a lso  contained 0.5 M NaCl as a 

supporting e le c t ro ly te .  The pH was ad justed  to 4.7 by adding m ic ro l i te r  

q u a n t i t ie s  of ç a .  0.1 HCl or 1 ^  NaOH.

The p o te n tia l  fo r  the e l e c t ro ly s i s  was determined by running a 

voltammogram d i r e c t ly  in the e l e c t ro ly s i s  ce l l  and s e t t in g  the po ten tia l  

a t  Ep/2 (usually  0.20V/SCE). The close proximity of peak 11^ to peak 

I prevents e lec troox ida tion  a t  p o te n t ia ls  more p o s it iv e  i f  the peak
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I L  process is  to be minimized. During the  e le c t ro ly s i s  the pH was
a

continuously monitored and was maintained a t  4.7±0.1 by adding 

m ic ro l i te r  q u a n t i t ie s  o f  ca. 1 ^  NaOH. Samples of the e le c t ro ly s i s  

so lu tio n  were taken a t  the beginning and a t  in te rv a ls  throughout the 

e l e c t r o ly s i s .  These were lyophilized  and s i ly l a te d  with MTBSTFA in 

pyrid ine  a t  100°C fo r  15 minutes. Of course these samples contained 

la rge  amounts of ch lo ride  and a small amount of phosphate.

Aliquots removed ear ly  in the e le c t ro ly s i s  showed the presence 

of p rim arily  phosphate a t  R^=28.9 minutes, s ing ly  s i ly l a te d  5-MTHP 

(MW=295) a t  33.2 minutes and doubly s i ly l a t e d  5-MTHP (HW=409) a t  36.8 

minutes (Figure 23). The peaks a t  R^=33.2 and 36.8 minutes were 

id e n t i f i e d  by comparison to the to ta l  ion cu rren t chromatogram (Figure 

24) and mass spectrum of a so l id  sample (no Cl") of 5-MTHP (MW=181) 

s t a r t in g  materia l s i ly l a te d  in a s im ila r  manner with MTBSTFA. This 

chromatogram shows peaks corresponding to  s i ly l a t i o n  a t  one position  

(HS=295, R^=33.1 m in .) ,  two pos itions  (MW=409, R^=37.2 m in .) ,  and th ree  

p o s it io n s  (HW=523, R^=40.3 m in .) .  The mass spectra  of these peaks are  

presented in Figures 25-27. Later during the e le c t ro ly s i s  the only 

peak observed in the to ta l  ion cu rren t  chromatogram has a R^=29.3 minutes 

and corresponds to  t r i p l y  s i ly l a te d  phosphate (MW=440). No o ther peaks 

were observed to  increase as the e l e c t r o ly s i s  proceeded. Apparently 

phosphate is  much more e a s i ly  s i ly l a te d  than the e l e c t ro ly s i s  products 

o f  5-MTHP.

S i ly la t io n  o f  products from a so lu tion  containing only NaCl 

as the supporting e l e c t r o l y t e . I t  was decided to e l im inate  phosphate 

a l to g e th e r  from the e le c t ro ly s i s  so lu tio n  and use only 0.5 M NaCl as
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Figure  23. T o ta l  ion  c u r r e n t  chromatogram o f  a l iq u o t s  o f  5-MTHP e l e c t r o l y z e d  a t  Peak I
in  a low phosphate  b u f f e r  and s i l y l a t e d  w ith  MTBSTFA. (A) Chromatogram o f  s o lu ­
t i o n  b e fo re  e l e c t r o l y s i s .  (B) Chromatogram o f  s o lu t i o n  w ith  £a  10% o f  5-MTHP 
oxi di zed.
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F igu re  24. T o ta l  ion  c u r r e n t  chromatogram o f  5-MTHP s t a r t i n g  m a te r ia l  s i l y l a t e d  w ith  
MTBSTFA in  p y r id in e  a t  room te m p e ra tu re  f o r  75 m inu tes .



MASS % MASS % MASS MASS % MASS % MASS %
9 0 . 5 . 2 1 2 7 . 1 . 4 1 6 0 . 0 . 0 1 9 6 . 9 . 6 2 4 0 . 1 2 . 4 2 9 3 . 1 . 3
9 2 . 1 . 2 1 2 8 . 1 . 2 161 . 0 .1 1 9 8 . 1 .1 24 1 . 0 . 3 2 9 9 . 2 . 3
9 3 . 1 . 5 1 2 8 . 9 . 2 1 6 2 . 0 . 4 1 9 9 . 2 . 0 2 4 2 . 1 . 0 3 0 0 . 2 . 1
9 4 . 1 . 9 1 3 8 . 1 . 0 1 6 3 . 0 . 5 2 0 2 . 0 .1 2 4 6 . 1 . 0 201 . 3 . 0
9 5 . 1 . 8 131 . 0 . 1 1 6 4 . 0 1 . 0 2 0 3 . 0 . 0 2 4 7 . 2 . 0 2 0 7 . 2 . 0
9 6 . 1 . 8 1 3 3 . 0 .1 1 6 5 . 0 1 . 0 2 0 4  . 0 . 5 2 4 8 . 1 .1 2 0 9 . 0 . 0
9 7 . 1 1 . 0 134 . 1 . 3 1 6 6 . 0 2 . 1 2 0 5 . 0 . 2 2 4 9 . 1 . 4 2 1 0 . 1 . 0
9 6 . 1 1 .1 1 3 5 . 0 . 6 1 6 7 . 0 1 . 0 2 0 6 . 0 . 5 2 5 0 . 1 . 4 2 3 4 . 1 .1
9 9 . 1 4 . 6 1 3 6 . 0 . 4 1 6 8 . 0 1 .1 2 0 7 . 0 . 7 251 .1 . 2 2 3 5 . 2 . 0

1 8 8 . 1 2 . 7 1 3 7 . 0 ! . 0 1 6 9 . 0 . 5 2 0 8 . 0 3 . 1 2 5 2 . 1 .1 2 3 6 . 1 . 0
101 .1 . 9 1 3 8 . 0 1 . 6 1 7 0 . 1 .1 2 0 9 . 0 1 . 4 2 5 3 . 1 . 2 2 3 7 . 1 . 0
1 0 2 . 1 . 6 1 3 9 . 0 1 . 0 1 7 1 . 0 . 0 2 1 0 . 0 1 . 2 2 5 4 . 1 . 0 2 5 2 . 2 . 3
1 0 4 . 2 . 4 1 4 0 . 0 . 5 1 7 3 - 1 . 0 21 1 . 0 . 2 2 6 2 . 0 . 2 3 5 3 . 2 .1
1 0 6 . 2 . 3 141 . 0 . 5 1 7 6 . 0 . 0 2 1 2 . 0 .1 2 6 3 . 0 . 2 2 5 4 . 2 . 0
1 8 7 . 1 . 5 1 4 2 . 0 .2 1 7 7 . 0 .1 2 1 3 : 0 . 0 2 6 4 . 1 . 4 3 5 5 . 1 . 0
1 0 8 . 2 . 5 1 4 3 . 1 .1 1 7 8 . 0 . 4 2 1 8 . 1 . 0 2 6 5 . 0 1 . 6 4 0 9 . 3 .1
1 0 9 . 0 . 6 1 4 4 . 1 . 0 1 7 9 . 1 . 5 2 2 0 . 0 1 . 5 2 6 6 . 1 . 4 4 1 0 . 3 . 0
1 1 0 . 2 1 . 6 1 4 5 . 0 . 0 1 8 8 . 1 2 . 0 2 2 1  . 0 3 . 7 2 6 7 . 1 .1
1 1 1 . 2 2 . 2 1 4 6 . 1 .1 131 . 0 1 . 6 2 2 2 . 1 1 1 . 0 2 7 7 . 0 . 0
1 1 3 . 1 . 4 1 4 7 . 0 . 3 1 8 2 . 0 1 . 7 2 2 3 . 1 1 0 0 . 0 2 7 8 . 1 . 6
1 1 4 . 1 . 2 1 4 8 . 0 1 . 3 1 3 3 . 0 . 6 2 2 4 . 1 1 3 . 9 2 7 9 . 1 . 5
1 1 5 . 2 . 2 1 4 3 . 9 . 8 1 3 4 . 1 . 2 2 2 5 . 0 5 . 1 2 8 0 . 1 4 . 8
1 1 6 . 2 .1 1 5 0 . 0 . 5 1 3 5 . 0 . 0 2 2 6 . 1 . 7 281 .1 1 . 2
1 1 7 . 2 . 2 151 .1 . 5 1 3 9 . 0 . 0 2 2 7 . 1 . 0 2 3 2 . 1 . 3
1 1 8 . 7 1 1 . 1 1 5 2 . 0 1 . 2 1 9 0 . 0 . 2 2 3 2 . 0 . 0 2 8 3 . 1 . 0
1 2 1 . 1 . 5 1 5 3 . 1 . 7 191 .1 . 3 2 3 3  .1 . 0 2 9 2 . 1 . 0
1 2 2 . 1 . 8 1 5 4 . 1 . 9 1 9 2 . 0 . 6 2 3 4  . 0 .1 2 9 3 . 1 .1
1 2 3 . 1 . 5 1 5 5 . 0 . 5 1 9 3 . 0 3 . 9 2 3 5 . 1 . 2 2 9 4 . 1 2 . 6
1 2 4 . 1 1 .1 1 5 6 . 1 .1 1 9 4 . 0 1 . 1 2 3 6 . 1 . 7 2 9 5 . 2 4 7 . 9
1 2 5 . 1 1 . 5 1 5 7 . 0 .1 1 9 5 . 0 2 . 4 2 3 8  .1 5 3 . 9 2 9 6 . 2 9 . 8
1 2 6 . 1 . 6 1 5 7 . 9 . 0 1 9 6 . 0 2 . 1 2 3 9 . 1 9 . 4 2 9 7 . 1 2 . 7
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Figure  25. Mass spec trum  o f  5-MTHP s i l y l a t e d  in  one p o s i t i o n  w ith  MTBSTFA. R^=33.1 m inutes.



MASS % MASS % MASS MASS % MASS % Ha s s % MASS % MASS %
91 . 1 . 2 1 2 2 . 1 . 6 1 5 8 . 0 3 . 1 1 8 9 . 1 . 1 2 2 0 . 1 2 . 0 2 61  . 0 . 1 3 0 6 . 1 . 6 3 5 3  . 2 2 9 . 7
9 2 . 2 . 2 1 2 3 . 1 . 6 1 5 9 . 0 . 9 1 9 0 . 0 . 3 221 . 0 1 . 2 2 6 2 . 0 . 4 3 0 7 . 2 . 3 3 5 4  . 2 1 0 . 3
9 3 . 0 . 7 1 2 4 . 1 1 . 2 1 6 0 . 1 . 4 191 . 0 . 4 2 2 2 . 0 5 . 5 2 6 3 . 0 . 3 3 0 8 . 2 . 3 3 5 5  . 2 2  . 0
9 4 . 1 . 5 1 2 5 . 1 2 . 7 161 . 8 . 1 1 9 2 . 0 . 4 2 2 3 . 1 4 . 5 2 6 4 . 0 . 8 3 0 9 . 1 . 2 3 5 6  .1 . 4
9 5 . 1 1 .1 1 2 6 . 1 1 . 4 1 6 2 . 0 . 5 193 . 0 1 .1 2 2 4 . 1 1 . 4 2 6 5 . 0 . 5 3 1 0 . 1 . 4 3 5 7 . 0 .1
9 6 . 1 . 8 1 2 7 . 1 1 .1 1 6 3 . 1 . 5 194 . 0 i . 0 2 2 5 . 0 . 7 2 6 6 . 0 2 . 0 311 .1 .1 3 5 9 . 2 . 1
9 7 . 1 . 9 1 2 8 . 1 . 6 1 64  .1 . 4 1 9 5 . 1 . 9 2 2 6 . 1 . 3 2 6 7 . 0 . 7 3 1 2 . 1 .1 3 6 4  . 3 . 1
9 8 - 1 2 . 1 1 2 9 . 0 . 7 1 6 5 . 1 . 7 1 9 6 . 1 2 . 6 2 2 7 . 2 . 2 2 6 8 . 1 . 3  ■ 3 1 3 . 1 .1 3 6 6 . 2 .1
9 9 . 1 1 0 . 3 1 3 0 . 0 1 . 4 1 6 6 . 0 1 . 3 1 9 7 . 0 1 . 3 231 . 0 .1 2 6 9 . 0 . 1 3 2 0 . 1 . 4 3 6 7  . 2 . 1

1 0 0 . 1 6 . 0 131 .1 2 . 3 1 6 7 . 1 1 . 5 1 9 7 . 9 1 . 0 2 3 2 . 0 .1 2 71  . 3 . 1 321 .1 . 4 3 6 3  . 2 . 1
1 0 1 . 1 1 . 4 1 3 2 . 8 2 . 7 1 6 8 . 1 9 . 2 1 9 9 . 1 . 4 2 3 3 . 0 .1 2 7 6 . 0 . 2 3 2 2 . 1 1 . 7 3 6 9  . 2 .1
1 0 2 . 1 . 6 1 3 3 . 8 . 7 1 6 9 . 0 2 . 1 2 0 0 . 1 .1 2 3 4 . 0 . 2 2 7 7 . 0 . 4 3 2 3 . 1 . 6 3 7 6  . 2 .1
1 0 3 . 1 . 3 1 3 5 . 0 . 5 1 7 0 . 0 . 6 2 01  . 0 .1 2 3 5 . 0 . 3 2 7 8 . 0 1 . 3 3 2 4 . 1 . 6 3 7 3 . 3 . 2
104 . 2 . 2 1 3 6 . 0 . 3 171 .1 3 . 6 2 0 1  . 9 . 2 2 3 6 . 1 2 . 2 2 7 9 . 1 1 . 8 3 2 5 . 0 . 2 3 7 9 . 3 . 2
105  . 2 . 3 137 .1 . 9 1 7 2 . 1 1 . 1 2 0 3 . 0 .1 2 3 7 . 1 3 . 7 2 8 0 . 0 17 . 7 3 2 6 . 1 .1 3 8 0 . 2 . 1
106 . 2 . 2 1 3 3 . 1 2 . 6 1 7 3 . 0 1 . 7 2 0 4  . 0 . 4 2 3 8 . 1 2 . 2 281 . 0 6 . 7 3 2 7 . 1 .1 38 1 . 3 . 1
107 .1 . 3 1 3 9 . 1 4 . 3 1 7 4 . 1 . 3 2 0 5  . 0 . 3 2 3 9 . 1 1 . 0 2 8 2 .0 2 . 4 3 3 4 . 1 1 . 5 391 . 2 . 1
1 0 8 . 2 . 3 1 4 0 . 1 1 6 . 2 1 7 5 . 1 . 2 2 0 6 . 0 1 . 0 2 4 0 . 1 . 4 2 8 3 . 0 . 5 3 3 5 . 1 . 9 3 9 2  .1 . 2
1 0 9 . 1 . 7 1 4 2 . 1 1 .1 1 7 6 . 1 . 7 2 0 7  . 0 1 . 9 2 4 1 . 1  . . 2 2 8 4  . 0 . 1 3 3 6 . 1 2 . 3 3 9 3 . 2 . 2
1 1 0 . 1 1 . 9 1 4 3 . 0 . 9 1 7 7 . 0 . 4 2 0 8 . 0 1 . 2 2 4 2 . 1 .1 2 9 0 . 0 . 1 3 3 7 . 1 7 . 8 3 9 4  . 2 7 . 1
1 1 1 . 2 1 . 7 144 . 0 . 4 1 7 8 . 1 . 4 2 0 9  . 0 . 3 2 4 6 . 1 .1 291  .1 . 1 3 3 8 . 1 2 . 7 3 9 5 . 2 2 . 2
112 . 2 1 . 2 1 4 5 . 1 . 2 1 7 9 . 1 1 . 0 2 1 0 . 0 . 6 2 4 7 . 1 .1 2 9 2 . 1 . 3 3 3 9 . 2 1 . 3 3 9 6 . 1 . 8
1 1 3 . 1 3 . 2 1 4 7 . 6 1 0 . 5 1 8 0 . 1 1 . 7 21 1 . 0 .4 2 4 8 . 0 . 2 2 9 3 . 1 . 2 3 4 0 . 1 . 3 3 9 7 . 2 . 2
1 1 4 . 1 1 .1 1 5 0 . 0 . 5 181 . 0 1 . 4 2 1 2 . 0 . 1 2 4 9 . 1 . 3 2 9 4  .1 2 . 2 341 . 2 . 2 4 0 8 . 2 2 . 6
115 . 2 1 . 3 151 .1 . 6 1 8 2 . 0 1 . 4 2 1 3 . 0 1 . 4 2 5 0 . 1 1 . 4 2 9 5 . 1 2 . 1 3 4 2 . 1 .1 4 0 9 . 2 6 2 . 1
1 16  . 2 . 7 1 5 2 . 1 1 .1 133.0 1 . 4 2 1 4 . 1 . 4 251 .1 . 9 2 9 6 . 1 2 . 5 3 4 7 . 1 .1 4 1 0 . 2 2 0 . 1
1 1 7 . 1 . 9 153 .1 1 . 0 1 8 4 . 0 . 6 2 1 5 . 0 . 2 2 5 2 . 1 . 6 2 9 7 . 1 . 8 3 4 8 - 1 . 2 411  . 3 7 . 0
1 1 8 . 1 . 4 154 .1 . 9 1 8 5 . 1 . 3 2 1 6 . 1 . 1 2 5 3 . 0 . 9 2 9 3 . 1 . 3 3 4 9 . 1 .1 4 1 2 . 2 1 .4
1 1 9 . 1 . 9 155  . 0 . 9 1 3 6 . 0 .1 2 1 7  . 0 . 1 2 5 4 . 1 . 3 2 9 9 . 2 . 1 3 5 0 . 0 . 4 4 1 3 . 2 . 3
1 20  . 0 . 4 156 . 0 . 7 1 3 7 . 1 .1 2 1 8 . 0 . 1 2 5 5 . 1 .1 3 0 4 . 1 . 1 3 5 1 . 2 2 . 2
121 .1 . 4 157 . 0 2 . 7 1 8 7 . 9 .1 2 1 9  .1 . 2 2 6 0 . 0 .1 3 0 5 . 0 . 1 3 5 2 . 2 1 0 0 . 0

F igu re  26. Mass spec trum  o f  5-MTHP s i l y l a t e d  in  two p o s i t i o n s  w ith  MTBSTFA. R^=37.2 m inutes.



MASS 
91 . 2
9 3 . 0
9 4 . 1
9 5 . 1
9 6 . 1
9 7 . 0
9 8 . 1
9 9 . 1  

100.1 
101.1 
102.1
1 0 3 . 0
1 0 4 . 1
1 0 5 . 1
1 0 7 . 2
1 0 9 . 2
110.2 
111.2 
112.2
1 1 3 . 1
1 1 5 . 2
1 1 6 . 2  
1 1 7 . 2
1 1 9 . 1
1 2 0 . 1  
121  . 0  
1 2 3 . 2
1 2 4 . 1
1 2 5 . 1
1 2 6 . 1  
1 2 7 . 1

MASS ••i MASS MASS •< MASS
9 . 1 128 .1 4 . 0 161 . 0 9 . 1 1 9 9 . 0 1 . 7 2 51  . 2 3 . 0

2 6 . 9 1 2 9 . 1 1 0 . 6 1 6 2 . 2 3 . 5 2 0 2 . 1 2 . 0 2 5 3 . 0 3 . 7
3 . 5 1 3 0 . 0 3 . 5 1 6 3 . 0 8 . 1 2 0 3 . 1 4 . 2 2 5 5 . 2 2 . 0

1 1 . 6 131 .1 7 . 7 1 6 5 . 0 4 . 7 2 0 4 . 9 8 . 4 2 6 2  . 0 1 . 8
1 6 . 5 1 3 2 . 1 4 . 2 1 6 5 . 8 1 . 8 2 0 7 . 0 1 0 0 . 0 2 6 3 . 1 1 . 7

8 . 9 1 3 2 . 9 1 8 . 2 1 6 7 . 0 2 . 4 2 0 8 . 0 2 3 . 7 2 6 4 . 9 3 . 9
1 . 8 1 3 3 . 9 6 . 7 1 6 8 . 1 3 . 0 2 0 3 . 9 1 6 . 1 2 6 5 . 8 1 . 7

1 0 . 4 1 3 5 . 0 1 3 . 9 1 6 9 . 1 3 . 7 2 1 0 . 0 4 . 4 2 6 6  . 9 4 . 4
1 4 . 6 1 3 6 . 1 2 . 5 1 7 0 . 9 3 . 9 2 1 3 . 0 2 . 2 2 6 9 . 0 2 . 0

3 . 2 137  . 0 3 . 0 1 7 3 . 1 3 . 9 2 1 5 . 0 2 . 0 2 7 7 . 0 2 . 7
1 . 7 1 3 8 . 2 1 . 8 1 7 5 . 1 2 3 . 4 2 1 7 . 0 3 . 4 2 7 8  . 0 1 . 7
5 . 7 1 3 9 . 0 2 . 9 1 7 6 . 1 5 . 0 2 1 8 . 2 1 . 7 2 7 9  . 0 2 . 0
2 . 7 1 4 0 . 2 2 . 5 1 7 7 . 0 2 8 . 1 2 1 9 . 1 6 . 9 2 8 0 . 1 2 . 2
9 . 6 141 . 0 3 . 9 1 7 8 . 1 6 . 9 2 2 0 . 1 1 9 . 5 2 8 0  . 9 1 9 . 7
2 . 9 141 . 9 2 . 4 1 7 9 . 1 1 2 . 4 221  . 0 2 6 . 4 2 3 2  . 0 5 . 5
3 . 2 143 . 0 2 . 9 1 3 0 . 1 3 . 0 2 2 2 . 1 7 . 1 2 8 3 . 0 4 . 4
2 . 9 1 4 4 . 0 1 . 7 181 . 0 2 . 7 2 2 3 . 1 16 . 8 2 8 4  . 0 1 . 5
4 . 7 145 . 0 6 . 1 1 8 2 . 1 1 . 8 2 2 4 . 0 4 . 4 2 9 2 . 2 4 6 . 4
2 . 4 1 4 7 . 1 34 .1 1 8 3 . 0 3 . 7 2 2 5 . 0 4 . 2 2 9 3 . 1 1 3 . 8
3 . 0 148 .1 6 . 4 134  . 0 3 . 0 2 2 6 . 0 1 . 7 2 9 4  . 2 4 . 9
8 . 9 1 4 8 . 9 1 6 . 5 1 8 5 . 2 2 . 9 2 3 1  . 2 2 . 2 2 9 5 . 1 1 1 . 1
4 . 9 150 . 0 5 . 0 1 8 7 . 0 1 . 7 2 3 3 . 0 3 . 4 2 9 6 . 1 3 . 2

1 4 . 5 1 5 1 . 2 4 . 2 1 8 9 . 1 7 . 7 2 3 4 . 2 2 . 9 2 9 7 . 0 2 . 4
1 7 . 6 1 5 2 . 1 3 . 5 1 9 0 . 0 4 . 0 2 3 5 . 1 2 8 . 4 2 9 9 . 1 2 . 2

2 . 4 1 5 2 . 9 2 . 2 1 9 1 . 1 2 3 . 4 2 3 6 . 2 7 . 7 311 . 3 2 . 7
4 . 4 1 5 3 . 9 3 . 2 1 9 2 . 1 5 . 4 2 3 7  .1 4 . 9 3 1 3 . 1 8 5 . 0
3 . 5 1 5 5 . 1 4 . 2 1 9 3 . 0 11 . 3 2 3 8 . 1 3 . 2 3 1 4 . 1 21 . 8
1 . 7 1 5 6 . 1 2 . 0 194 . 0 2 . 9 2 3 9 . 2 2 . 2 3 1 5 . 1 6 . 1
2 . 7 1 5 7 . 0 3 . 9 1 9 5 . 0 2 . 5 2 4 7 . 1 1 . 8 3 2 5  . 0 2 . 2
1 . 7 1 5 8 . 0 3 . 4 1 9 6 . 1 2 . 9 2 4 9 . 0 3 . 9 3 2 7 . 0 2 . 9
3 . 9 1 5 9 . 1 4 . 0 1 9 7 . 1 1 2 . 1 2 5 0 . 1 2  . 4 3 3 4 . 1 3 . 0

MASS %
8 3 5 . 2 2 . 0
8 3 7 . 1 3 . 0
8 3 9  . 1 1 . 5
841  . 0 6 . 1
8 4 2 . 1 1 . 7
8 4 2 . 9 1 . 8
3 5 0 . 2 2 . 9
3 5 2 . 2 2 . 9
8 5 3 . 2 2 . 5
3 5 5 . 1 6 . 7
8 5 6 . 1 2 . 6
8 5 7 . 1 2 . 2
3 6 7 . 1 2 . 5
8 6 9 . 2 1 3 . 0
8 7 0 . 3 5 . 4
8 71  . 3 1 . 8
4 0 9 . 3 2 . 2
4 2 9 . 0 2 . 4
4 6 6 . 3 6 . 1
4 6 7 . 4 2 . 7
4 8 2 . 4 6 . 1
4 8 3 . 3 2 . 2
5 2 3 . 4 8 . 2
5 2 4 . 3 4 . 5
5 2 5 . 3 2 . 5
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F igure  27. Mass spec trum  o f  5-MTHP s i l y l a t e d  in  th r e e  p o s i t i o n s  w ith  MTBSTFA. R^=40.3 m inutes.
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the e l e c t ro ly te .  Again the pH was maintained a t  4.7±0,1 by adding 

small q u a n t i t ie s  of 1 f^NaOH. I n i t i a l l y  5 mg of 5-MTHP was e lec tro lyzed  

in 25 ml o f  0.5 M NaCl. The 5-MTHP concentration is  about 0.75 mM 

under these  conditions . Comparison o f  the to ta l  ion cu rren t  chromato­

grams of samples taken a t  in te rv a ls  throughout the e l e c t ro ly s i s  and 

s i ly l a t e d  with MTBSTFA is  shown in Figure 28. The peaks a t  R^=33.2 

minutes and 37.2 minutes corresponding to  5-MTHP s i ly l a t e d  in one and 

two pos itions  re sp ec t iv e ly  are  observed to  decrease as the e l e c t ro ly s i s  

proceeds. I t  appears th a t  a peak a t  a re te n t io n  time of 16.5 minutes 

inc reases  as the e l e c t ro ly s i s  proceeds. However r e p e t i t io n  of th i s  

experiment and l a t e r  experiments f a i l e d  to  reproduce these r e s u l t s ,  

i . e . , the  s ize  of the peak a t  R^=16.5 minutes was not re la te d  to  the 

progress of the e l e c t r o ly s i s .  Since i t  a lso  appeared in a l l  o ther 

chromatograms of s i ly l a te d  products when MTBSTFA was used i t  must be 

a by-product o f  the s i ly l a t i o n  reagent.

Since no product peaks were observed, the concentration of 

s ta r t in g  m ateria l was doubled to 10 mg. (ca. 1.5 mM). I t  has been 

observed by o the r  workers th a t  when attempting to  s i l y l a t e  uniso la ted  

products the concentration of the s ta r t in g  m ateria l must be a t  l e a s t  

1 mM. The complete procedure fo r  taking a l iq u o ts  of the e le c t ro ly s i s  

so lu tio n  and s i l y l a t i n g  them w ill be d e ta i le d  in the Experimental 

Chapter. As can be seen in Figure 29 a peak is  observed to increase in 

s iz e  during the course of the e le c t ro ly s i s  a t  a re te n t io n  time of 36.9 

minutes. The mass spectrum of th i s  peak can be seen in Figure 30 and 

ex h ib its  a base peak of mass 334 (M-57). I t  a lso  ex h ib i ts  peaks a t  

mass 376 and 391 which are  the M-15 and M"̂  peak re sp ec t iv e ly .  This was
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Figure 28. Comparison o f  to ta l ion cu rren t chromatograms o f  samples taken duringPeak
e le c tro ly s is  o f  5 mg o f  5-MTHP in  .....................
Percent 5-MTHP e le c tro ly z e d : (A)

pH 4 .7  NaCl and s i l y l a t e d  w ith  MTBSTFA. 
0%, (B) 12%, (C) 23%, and (D) 31%.
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Figure 29. Comparison o f to ta l ion cu rren t chromatograms o f  samples taken during Peak
e le c tro ly s is  o f 10 mg o f  5-MTHP in  pH 4.7 NaCl and s i ly la te d  w ith  MTBSTFA.
Percent 5-MTHP e le c tro ly z e d : (A) 0%, (B) 32%, and (C) 58%.



MASS % MASS % MASS % MASS % MASS •-S MASS % MASS
91 . 0 . 9 1 2 2 . 1 . 2 1 5 7  . 0 2 . 5 1 6 9 . 1 . 2 2 3 5 . 0 3 . 0 2 8 4 , 1 .1 3 3 9 . 1 . 2
9 2 . 0 . 4 1 2 3 . 1 1 . 0 15 8 . 0 1 . 9 1 9 0 . 0 . 4 2 3 6 . 1 . 8 2 9 2 . 1 . 4 341 .1 . 3
9 3 . 0 2 . 5 1 2 4 . 1 . 7 1 5 9 . 1 . 6 191 . 0 . 6 2 3 7 . 0 . 6 2 9 3 . 0 . 2 351 . 3 . 2
9 4 . 0 . 5 1 2 5 . 1 . 6 1 6 0 . 8 . 2 1 9 2 . 0 . 6 2 3 8 . 1 1 . 8 2 9 4 . 1 . 2 3 5 2 . 1 2 . 1
9 5 . 0 1 . 4 1 2 6 . 1 .4 1 6 0 . 9 . 4 1 9 2 . 9 . 6 2 3 9 . 1 . 3 2 9 5 . 1 . 7 3 5 3 . 2 1 . 0
9 6 . 0 . 9 126 . 9 . 8 1 6 2 . 0 . 2 1 9 4 . 0 . 4 2 4 0 . 1 .1 2 9 6 . 1 . 2 3 5 4 . 2 . 4
9 7 . 0 . 8 128 . 0 . 8 1 6 3 . 0 . 3 195 . 0 . 3 2 4 4  . 9 .1 2 9 7 . 1 . 2 3 5 5 . 1 . 3
9 8 . 0 1 . 1 129 . 0 . 5 16 4 . 8 . 2 1 9 6 . 0 . 2 2 4 6 . 0 . 2 3 0 4 . 1 . 3 3 5 6 . 1 .1
9 9 . 1 5 . 1 130 . 9 2 . 7 1 6 5 . 0 . 4 1 9 7 . 0 . 3 2 4 6 . 9 . 5 3 0 5 . 0 . 1 3 7 6 . 2 3 . 1

1 0 0 . 1 3 . 8 131 . 9 1 . 6 166  . 0 . 2 1 9 3 . 0 . 8 2 4 8 . 1 . 4 3 1 0 . 1 . 1 3 7 7 . 2 . 9
191 .1 . 8 1 3 3 . 0 2 . 1 1 6 7 . 1 . 3 1 9 9 . 0 . 2 2 4 9 . 0 . 4 3 1 2 . 0 . 2 3 7 8 . 2 . 4
1 0 2 . 0 . 5 134 . 0 2 . 5 1 6 8 . 1 . 4 2 0 2  . 0 2 . 5 2 5 0 . 1 . 3 3 1 3 . 1 . 2 3 7 9 . 3 . 3
1 0 3 . 1 . 5 1 3 4 . 9 . 7 1 6 9 . 0 . 4 2 0 3 . 0 . 6 251 .1 1 . 4 3 1 5 . 2 . 8 3 3 3 . 2 . 3
1 0 4 . 3 . 5 135 . 9 . 4 1 7 0 . 0 . 2 2 0 4 . 1 . 8 2 5 2 . 1 . 4 3 1 6 . 2 . 2 3 9 0 . 2 . 2
1 0 5 . 0 . 5 137 . 0 . 3 171 . 0 1 . 6 2 0 5  .1 . 6 2 5 3 . 1 . 3 3 1 7 . 1 . 2 391 . 2 2 . 2
1 0 6 . 0 .1 1 3 8 . 6 6 . 2 1 7 2 . 0 . 4 2 0 6 . 1 I . 6 2 6 0 . 1 . 4 3 1 8 . 0 . 3 3 9 2 . 1 I . 0
1 0 7 . 0 . 2 141 . 0 . 7 1 7 3 . 0 . 9 2 0 7 . 0 4 . 8 261 . 0 . 3 3 1 9 . 1 . 4 3 9 3 . 1 . 3
1 0 7 . 9 . 2 1 4 2 . 0 1 . 2 1 7 4 . 1 .  3 2 0 3 . 0 1 . 6 2 6 2 . 0 . 6 3 2 0 . 1 . 3 3 94  . 3 . 2
1 0 9 . 0 . 4 1 4 3 . 0 . 9 1 7 5 . 0 . 2 2 0 9 . 0 1 . 9 2 6 3 . 0 . 4 321 .1 . 2 3 9 5 . 2 . 1
1 1 0 . 1 . 6 1 4 4 . 1 . 3 1 7 6 . 1 . 5 2 1 0 . 1 . 5 2 6 4 . 0 . 3 3 2 2 . 1 1 . 6 4 0 9 . 2 1 . 2
111 . 2 . 6 144 . 9 . 2 1 7 7 . 0 1 . 5 21 1 . 0 . 3 2 6 5 . 0 . 4 3 2 3 . 1 . 7 4 1 0 . 2 . 5
1 1 2 . 1 . 3 146 . 0 . 6 1 7 8 . 0 1 . 0 2 1 3 . 0 . 7 2 6 6 . 0 . 2 3 2 4 . 1 . 2 411 . 2 . 2
1 1 3 . 0 . 5 1 4 7 . 0 3 . 6 1 7 9 . 1 . 5 2 1 4 . 1 . 2 2 6 7 . 0 . 3 3 2 5 . 1 . 2 4 1 3 . 3 . 1
1 14 . 0 . 2 1 4 8 . 0 . 9 1 8 0 . 0 . 5 2 1 3 . 0 . 2 2 7 6 . 1 1 . 0 3 2 7 . 2 1 . 0 4 2 9 . 2 .1
1 1 5 . 0 1 . 0 1 4 8 . 9 1 . 0 131 .1 . 5 2 2 0 . 0 1 3 . 3 2 7 7 . 0 5 . 9 3 2 8 . 2 . 3 4 6 9 . 2 . 2
1 1 6 . 2 . 4 1 5 0 . 0 1 . 3 1 8 2 . 0 . 5 22 1 . 0 3 . 1 2 7 8 . 0 5 . 0 3 2 9 . 0 . 1
1 1 7 . 1 2 . 0 1 5 0 . 9 . 5 1 3 3 . 0 . 4 2 2 2 . 0 1 . 3 2 7 9 . 0 2 . 3 3 3 4  .1 1 0 0 . 0
1 1 8 . 0 . 8 1 5 2 . 0 . 5 184  . 0 1 . 5 2 2 3 . 0 1 .4 2 8 0 . 0 1 . 0 3 3 5 . 1 3 8 . 5
1 1 9 . 0 1 . 1 1 5 3 . 1 . 3 1 3 5 . 0 . 4 2 2 4 . 0 . 4 281 . 0 1 . 3 3 3 6 . 1 1 3 . 1
1 2 0 . 1 . 4 1 5 4 . 0 . 3 1 3 6 . 0 . 2 2 2 5 . 0 . 2 231  . 9 . 4 3 3 7  .1 3 . 8
1 2 1 . 1 . 3 1 5 5 . 1 .5 1 3 8 . 0 . 2 2 3 4  .1 . 6 2 8 3 . 0 . 3 3 3 3 . 1 . 7

MRSS
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F igure  30. Mass spec trum  o f  peak a t  R.=36.9 m inutes from chromatogram o f  F igure  29C.
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determined from the c h a ra c te r i s t ic  p a t te rn  shown by MTBSTFA s i ly la te d  

d e r iv a t iv e s .  The sample from the e le c t ro ly s i s  of 10 mg 5-MTHP a t  58% 

completion (Figure 29C) a lso  ex h ib its  peaks a t  R^=39.6 minutes and

41.0 minutes which have molecular ions of mass 423 and 553 resp ec t iv e ly .

To determine the number of positions  which are  s i ly l a te d  in a 

p a r t i c u la r  de r iva tive  i t  i s  necessary to  s i l y l a t e  i t  with a d i f f e r e n t  

s i l y l a t i o n  reagent. Since MTBSTFA was used, e i th e r  BSA or BSTFA (which 

t r a n s f e r  a trimethyl s i ly l  group) were used to determine the number of 

s i ly l a te d  positions  using the following equation:

'̂'4'ITBSTFA ■ ’̂^B 42(n) (14)

MI is  the molecular weight of the molecular ion when s i ly l a te d  

with MTBSTFA. MIg is  the molecular ion when s i ly l a te d  with BSA or BSTFA. 

n i s  the  number of s i ly l a ta b le  s i t e s .  This equation app lies  however 

only i f  the compound can be s i ly l a te d  by both reagents .

Samples from another 10 mg e le c t ro ly s i s  of 5-MTHP a t  peak 1^ 

p o te n t ia ls  in pH 4.7±0.1 NaCl, 0.5 M were s i ly l a te d  with BSA in pyridine 

a t  100°C fo r  15 minutes. The sample a t  77% completion shows a number of 

peaks not observed in the sample taken before the e le c t ro ly s i s  was 

begun. All the peaks a f t e r  32 minutes are not observed in the f i r s t  

sample taken before the e le c t r o ly s i s  (Figure 31). However only the 

peak a t  R^=35.1 minutes (M'*'=339) appears to  have a coun terpart in a 

s im ila r  sample s i ly l a te d  with MTBSTFA. This is  the peak a t  39.6 minutes 

in Figure 29C which ex h ib its  M’̂ =423. The number of s i ly l a te d  positions  

was determined using Equation 14.

423 -  339 = 84 = 42(n) 
n = 2
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Figure  31. T o ta l ion  c u r r e n t  chromatogram o f  a sample from Peak Ig  e l e c t r o l y s i s  o f  1 0  mg
o f  5-MTHP in  pH 4 .7  NaCl s i l y l a t e d  w ith  MTBSTFA. E l e c t r o l y s i s  was 77% com plete .
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The molecular weight of the n o n -s i ly la ted  compound is  195 g/mole. No 

peak was observed in the to ta l  ion cu rren t  chromatogram which corresponds 

to  the peak with molecular ion of mass 391 observed in the MTBSTFA 

s i ly l a t i o n .

By f a r  the most s ig n i f i c a n t  information was obtained by 

s i l y l a t i o n  of samples taken during the peak 1 ^ e l e c t ro ly s i s  of 15 mg 

5-MTHP in pH 4.7±0.1 NaCl, 0.5 M. Comparison of the to ta l  ion cu rren t  

chromatograms fo r  the four samples s i ly l a t e d  with MTBSTFA a t  100°C fo r  

15 minutes is  shown in Figure 32. There are  a number of peaks which 

increase  in s iz e  as the e l e c t ro ly s i s  proceeds. These peaks are 

summarized in Table 4. From Table 4 i t  can be seen th a t  several 

components of the e le c t ro ly s i s  so lu tio n  are  p resen t in higher concen­

t r a t i o n  during the e l e c t ro ly s i s  than a t  the completion of the e le c t ro ly s e s .  

Once again the peak a t  a re te n t io n  time of 35.7 minutes {M‘‘'=391) is  

one of the la rg e s t  peaks, p a r t i c u la r ly  ea r ly  in the e l e c t r o ly s i s .

Another f u l ly  e lec tro ly zed  sample from the same e le c t ro ly s i s  

was s i l y l a t e d  with MTBSTFA in py rid ine . This time the s i ly l a t i o n  was 

done a t  room temperature fo r  c^. 45 minutes. S i ly la t io n  a t  room tempera­

tu re  with MTBSTFA revealed some d if fe ren ces  from s i ly l a t i o n  a t  100°C 

(Figure 33). These d iffe rences  are  summarized in Table 5. I t  is  

po ss ib le  th a t  those peaks which are  only observed a t  high temperature 

a re  due to  the degradation and/or rearrangement of the MTBSTFA.

At th i s  po in t a number of p o s s i b i l i t i e s  appeared reasonable to  

account fo r  the products of peak 1^ e le c t ro ly se s  of 5-MTHP when s i ly l a t e d  

with MTBSTFA. Unfortunately BSA or BSTFA did not s i l y l a t e  nearly  as 

many products , th e re fo re  the number of s i ly l a te d  pos itions  could not be
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Comparison o f to ta l ion  cu rren t chromatograms o f samples taken during Peak I
e le c tro ly s is  o f 15 mg 5-MTHP in  pH 4.7 NaCl and s i ly la te d  w ith  MTBSTFA. Per
5-MTHP e le c tro ly z e d : (A) 0%, (B) 30%, (C) 67%, and (D) 100%.

P e rc e n t
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TABLE 4

Molecular Ions fo r  GC-MS Peaks^ Which Increase During Peak I^ 

E lec tro ly s is  of 15 mg 5-MTHP in pH 4.7 NaCl, 0.5 M

R^/min, Counts^ M+ Counts^

24.4 3,298 288

30.3 51,980 401

31.8 5,198 518

32.9 55,470 266

36.2 6,525 516

36.7 14,387 391 59,190®

38.8 1,116 407

39.3 21,150 423

39.8 ___ d 432 4,664

40.2 3,838 421

41.4 6,814 437

42.8 870 521 1,069

43.6 1,057 537

^Sample was s i ly l a te d  with MTBSTFA/Pyridine a t  100°C fo r  15 
minutes.

^Counts are  from the sample which was taken from the fu l ly  
e lec tro lyzed  so lu tion .

^Counts a re  from the sample which was 67% e lec tro lyzed .  Only 
those counts are  l i s t e d  in which the peak was la rg e r  than in the f u l ly  
e lec tro lyzed  so lu tion .

^No peak with th i s  was observed in the fu l ly  e lec tro lyzed  sample.

®The peak a t  Rt = 36.7 minutes was ac tu a l ly  even la rg e r  in the 
sample which was only 30% elec tro lyzed .
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TABLE 5

Comparison of Fully Electrolyzed Samples a t  D iffe ren t  S i ly la t io n  

Temperatures from E lec tro ly s is  of 15 mg 5-MTHP in pH 4.7 NaCl®

M+
Sample 1^ 

R^/min. Counts
Sample 2^ 

R^/min." Counts

236 * * 19.0 10,509

288 24.6 3,298 23.5 7,539

401 30.4 51,980 29.3 21,712

518 31.8 5,198 30.9 173

471 * * 32.5 4,418

516 36.2 ■6,525 * *

391 36.7 14,387 35.7 6,049

407 38.8 1,116 * *

423 39.5 21,150 38.5 2,488

421 40.2 3,838 39.1 390

437 41.4 6,814 40.3 5,792

521 42.8 870 41.6 1,299

537 43.6 1,057 * *

551 * * 44.8 642

*
Peaks a re  not observed fo r  th i s  molecular ion.

^Samples were s i ly l a te d  with MTBSTFA/pyridine.

^ S i ly la t io n  was ca rr ied  out a t  100“C, 15 minutes. Total counts 
were 3.31 x ICP.

^ S i ly la t io n  was ca rr ied  out a t  room temperature fo r  câ . 45 minutes. 
Total counts were 9.50 x 1 0 ^.

*̂ The observed re te n t io n  time is  somewhat d i f f e r e n t  than fo r  sample 
1  because o f  a change in the c a r r i e r  gas flow r a te .
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determined unequivocally. Table 6  contains a l l  the possib le  molecular 

weights fo r  nonderivatized molecules which could give the molecular 

ions l i s t e d  in Table 5 when using MTBSTFA as the s i ly l a t i n g  reagent.

An increment o f  114 g/mole i s  sub trac ted  fo r  each TBDMS group. The

TABLE 5

Possible  Molecular Weights Which Could Yield the Observed 

Molecular Ions When S i ly la te d  with MTBSTFA

M"*" Number of Possible  S i ly la t io n  S ite s
1 2  3 4

.236 1 2 2

288 174 60

401 287 173 59

518 404 290 176 62

471 357 243 129

516 402 288 174 60

391 277 163 49

407 293 179 65

423 309 195 81

421 307 193 79

437 323 209 95

521 407 293 179 65

537 423 309 195 81

551 437 323 209 95

553 439 325 2 1 1 97

most l ik e ly  p o s s i b i l i t i e s  fo r  e lec tro o x id a tio n  products are those which 

have molecular weights r e l a t iv e ly  close to  th a t  of the s ta r t in g  m a te r ia l ,  

5-MTHP (181 g/mole).
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A number of peaks were observed in the l in e a r  sweep voltam- 

metry a t  5 mV s~^ which had very s im ila r  peak p o te n t ia ls  to  the 

e lec troox ida tion  peaks of te trahyd rop te rin  (vide supra). A redox 

couple was a lso  observed near OV in the cyc lic  voltammetry of 5-HTHP 

which exh ib ited  behavior the same as the rev e rs ib le  couple formed by 

te trah y d ro p te rin  and i t s  quinonoid-dihydropterin . Therefore the 

p o s s ib i l i ty  of finding p te r in  (MW=163) in the e le c t ro ly s i s  so lu tion  

of 5-MTHP is  ra ised .  Indeed the s i ly l a te d  d e r iv a tiv e  which ex h ib i ts  

a molecular ion of mass 391 (see Table 6 ) could be p te r in  s u b s t i tu te d  

with 2 TBDMS groups.

A second s e t  of samples from peak e le c t ro ly s i s  of 15 mg 

5-MTHP in pH 4.7 NaCl was av a i lab le  fo r  s i ly l a t i o n  with BSA in pyridine 

a t  100°C fo r  15 minutes. Fortunately  a coun terpart was observed fo r  

the peak exh ib iting  mass 391 when s i ly l a te d  with MTBSTFA. Comparison 

of the to ta l  ion cu rren t chromatograms of BSA s i ly la te d  samples 

obtained a t  in te rv a ls  during the e le c t ro ly s i s  revealed several peaks 

th a t  increased as the e le c t ro ly s i s  progressed (Figure 34). The peak 

a t  a re te n t io n  time o f 30.1 minutes has a molecular ion o f  307 and a 

base peak of 292 (M-15) (Figure 35). Therefore Equation 14 was used to 

obta in  the molecular weight of the underivatized compound:

391 -  307 = 84 = 42(n) 

n = 2

Therefore the compound must have a mass of 391-(114)2=307-(72)2=163 g/mole.

To fu r th e r  in v e s t ig a te  the p o s s ib i l i ty  th a t  p te r in  is  the compound 

of MW=153, an au then tic  sample of p te rin  (VI) was s i ly l a t e d  with MTBSTFA
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Figure 34. Comparison o f  t o t a l  ion  c u r r e n t  chromatograms o f  samples taken  d u ring  Peak I.
e l e c t r o l y s i s  o f  15 mg 5-MTHP in  pH 4 .7  NaCi and s i l y l a t e d  w ith  BSA. 
5-MTHP e l e c t r o l y z e d :  (A) 0%, (B) 30%, and (C) 67%.
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MASS MASS % MASS % MASS %
9 1 . 1 1 . 8 1 2 6 . 1 2 . 3 1 7 8 . 0 2 . 6 2 3 7 . 1 2 . 8
9 2 . 1 8 . 5 1 2 8 . 1 1 . 3 1 7 9 . 0 1 . 1 2 3 3 . 1 3 . 0
9 3 . 0 5 . 0 1 2 8 . 9 1 . 7 1 8 0 . 1 1 . 1 2 5 3 . 2 4 . 0
9 4 . 0 2 . 7 131 . 8 1 3 . 2 181 . 0 1 . 3 2 5 4  . 2 1 .1
9 5 . 1 4 . 2 1 3 2 . 0 4 . 7 1 8 2 . 1 1 . 1 2 6 3 . 1 1 . 3
9 6 . 1 1 . 3 1 3 3 . 0 4 . 4 1 3 3 . 0 1 . 2 2 7 7 . 0 1 . 3
9 7 . 1 2 . 3 1 3 4 . 0 1 . 9 191 . 2 1 . 3 28 1  . 0 2 . 9
9 8 . 1 3 . 7 1 3 5 . 1 6 . 7 1 9 3 . 0 2 . 9 2 9 1  . 2 3 . 7
9 9 . 1 1 9 . 7 1 3 6 . 0 1 . 8 1 9 4 . 0 1 . 8 2 9 2 . 1 1 0 0 . 0

1 0 0 . 1 2 0 . 5 1 3 8 . 5 3 3 . 5 1 9 5 . 1 1 . 1 2 9 3 . 1 2 7 . 3
101 . 0 4 . 2 141 . 0 1 . 9 1 9 7 . 0 3 . 6 2 9 4 . 2 1 1 . 2
1 0 2 . 0 2 . 3 1 4 2 . 0 2 . 2 1 9 8 . 1 2 . 2 2 9 5 . 1 2 . 4
1 0 3 . 1 3 . 0 1 4 2 . 9 1 .1 2 0 2 . 1 2 . 9 2 9 6 . 1 1 . 1
1 0 4 . 1 6 . 7 1 4 4 . 8 1 .1 2 0 3 . 2 1 .1 3 0 6 . 1 3 . 0
104 . 9 2 . 4 1 4 7 . 1 4 6 . 3 2 0 4 . 0 3 . 6 3 0 7  . 2 5 8 . 2
1 0 9 . 0 2 . 4 1 4 8 . 0 8 . 5 2 0 5 . 0 1 . 4 3 0 8 . 1 1 7 . 0
1 1 0 . 1 2 . 7 1 4 9 . 1 3 . 6 2 0 7 . 0 5 . 9 3 0 9 . 1 6 . 5
111 . 0 2 . 3 1 5 0 . 0 2 . 9 2 0 8 . 2 1 . 3 3 1 0 . 1 2 . 6
111 . 9 1 . 2 151 . 0 1 . 9 2 0 9 . 2 3 . 9 3 2 5 . 2 3 . 1
1 1 3 . 0 2 . 3 1 5 2 . 0 1 . 9 2 1 0 . 1 1 . 3 3 2 6 . 2 1 . 4
1 1 4 . 2 1 . 3 1 5 5 . 1 1 . 8 2 1 7 . 1 1 . 2 3 5 5 . 3 1 . 6
1 1 5 . 2 3 . 0 156 . 0 1 . 1 2 1 8 . 1 2 . 8
1 1 6 . 1 2 . 9 1 5 7 . 0 4 . 7 2 1 9 . 1 1 . 9
1 1 7 . 1 4 . 9 1 5 8 . 0 3 . 1 2 2 0 . 1 5 . 1  .
1 1 6 . 1 2 . 8 1 5 9 . 0 1 .1 221 . 1 6 . 2
1 1 9 . 1 6 . 8 1 6 5 . 1 1 . 7 2 2 2 .  1 2 . 7
1 2 0 . 0 2 . 3 1 6 8 . 1 1 . 2 2 2 3 . 1 2 . 6
121 . 9 1 . 3 171 .1 9 . 8 2 2 4  . 2 2 . 4
1 2 3 . 1 4 . 6 1 7 2 . 1 2 . 2 2 3 4 . 1 3 . 8
1 2 4 . 1 4 . 2 1 7 2 . 9 2 . 1 2 3 5 . 1 5 . 3
1 2 5 . 0 3 . 2 1 77  .1 3 . 2 2 3 6 . 1 1 . 3

MASS MASS MASS MASS

r o
r o—I

Figure 35. Mass spec trum o f  peak a t  30.1 minutes from chromatogram o f  F igure  34C.
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VI
0> CO

in pyrid ine a t  100°C fo r  15 minutes.  A s ing le  la rge peak i s  observed 

in the to t a l  ion cur ren t  chromatogram a t  a re ten t ion  time of 36.0 minutes 

t h a t  exh ib i t s  a molecular  ion of mass 391 (Figure 36). The mass 

spectrum of the peak with = 36.0 minutes i s  presented in Figure 37. 

Comparing the au then tic  p te r in  mass spectrum in Figure 37 with the mass 

spectrum in Figure 30 shows t h a t  the fragmentat ion pa t te rn  i s  i d e n t i c a l .  

The peak r e ten t ion  times are not exac tly  the same because of  small 

changes in the c a r r i e r  gas flow r a t e  in the GC-MS. This information 

toge ther  with the voltammetric data i s  s trong evidence of the presence 

of  p te r in  in the peak. L  e l e c t r o l y s i s  product so lu t ion  of  5-MTHP.
a

Finding p te r in  as one of the products of  the peak 1^ e l e c t r o l y s i s  

o f  5-MTHP was ra the r  surpr is ing  because i t  ind ica tes  t h a t  the methyl 

group on N-(5) i s  l o s t  during the e l ec t roox ida t ion .  Since p te r in  i s  in 

the product  solut ion  i t  i s  reasonable to expect t h a t  i t  i s  generated from
7

7 , 8 -d ihydropter in .  Elect rooxidation  of  cova lent ly  hydrated 7\8-

dihydrop terin  was shown by Raghavan and Dryhurst to y ie ld  approximately 

equal molar qua n t i t i e s  of  p te r in  and 7 , 8 -dihydroxanthopterin.  At pH 4.7 

cova lent ly  hydrated 7 ,8-d ihydropter in has a peak po ten tia l  f o r  e l e c t r o ­

oxida tion of  0.13V/SCE. This was ca lcu la ted  from the pH dependence of  

peak I ' of  7,.8 -d ihydropter in :  E (pH 2-10)=[0.33-0.042 pH].^ Thus i t
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Figure 36. T o ta l  ion  c u r r e n t  chromatogram o f  an a u t h e n t i c  sample o f  p t e r i n  s i l y l a t e d  w i th  
MTBSTFA in  p y r i d i n e  a t  100°C f o r  15 m inu tes .



MASS % MASS % MASS MASS % MASS •-S MASS •-£ MASS %
91 .1 . 3 1 2 2 . 1 . 2 1 5 5 . 0 . 3 1 8 6 . 1 . 0 2 2 2 1 0 . 8 2 6 7 . 0 . 0 3 2 7 . 1 . 0
9 2 . 1 . 5 1 2 3 . 1 1 . 1 1 5 6 . 0 . 5 1 8 7 . 1 . 0 2 2 3 . 1 . 2 2 7 4  .1 . 0 3 3 2 . 0 . 0
9 3 . 1 . 3 1 2 4 . 0 . 6 1 5 7 . 0 3 . 1 1 8 3 . 1 . 2 2 2 4 . 1 .1 2 7 5 . 1 . 0 3 3 4 . 1 1 0 0 . 0
9 4 . 1 . 3 1 2 5 . 1 . 4 1 5 8 . 0 2 . 1 1 8 9 . 1 .1 2 2 5 . 1 . 0 2 7 6 . 1 1 . 2 3 3 5 . 2 3 9 . 8
9 5 . 1 . 5 1 2 6 . 0 . 4 1 5 9 . 1 . 6 1 9 0 . 1 . 3 2 2 6 . 1 . 0 2 7 7 . 0 7 . 7 3 3 6 . 1 1 3 . 0
9 6 . 1 . 2 127 .1 . 2 1 6 0 . 1 . 2 191 . 0 . 2 2 3 0 . 1 . 0 2 7 8 . 1 6 . 3 3 3 7 . 1 3 . 1
9 7 . 1 . 3 1 2 8 . 1 .4 161 . 0 . 3 1 9 2 . 1 . 3 231 .1 . 8 2 7 9 . 1 2 . 5 3 3 8 . 1 . 5
9 8 . 1 1 . 2 1 2 9 . 0 . 2 1 6 2 . 0 .1 1 9 3 . 0 . 2 2 3 2 . 0 .1 2 8 0 . 1 . 7  • 3 3 9 . 2 .1
9 9 . 1 5 . 0 1 3 0 . 1 1 . 1 1 6 2 . 9 . 2 1 9 4 . 0 . 2 2 3 3 . 0 .1 2 81  .1 . 2 3 5 7 . 0 . 0

1 0 0 . 1 1 . 8 131 . 0 2 . 8 1 6 4 . 0 .1 1 9 5 . 0 .1 2 3 5 . 1 4 . 5 2 8 2 . 0 . 0 3 6 0 . 2 .1
101 . 0 . 7 1 3 2 . 0 1 . 7 1 6 5 . 1 . 2 1 9 6 . 0 .1 2 3 6 . 1 1 . 0 2 8 8 . 1 . 0 361 . 2 . 0
1 0 2 . 0 . 4 1 3 3 . 0 1 . 7 1 6 6 . 1 .1 1 9 8 . 0 . 9 2 3 7 . 1 . 6 291 . 0 . 0 3 6 2 . 2 . 0
10 3 .1 . 4 134 . 0 . 5 1 6 7 . 0 .1 1 9 9 . 0 .1 2 3 8 . 0 .1 2 9 2 . 1 . 2 3 7 4 . 1 . 0
1 0 4 . 1 . 6 135 . 0 . 2 1 6 8 . 0 . 2 2 0 0 . 0 . 1 2 4 4 . 2 .1 2 9 3 . 0 .1 3 7 6 . 2 3 . 1
1 0 5 . 0 . 3 1 3 6 . 0 .4 1 6 8 . 9 . 2 2 0 2 . 0 2 . 3 2 4 5 . 1 . 0 2 9 4  .1 . 0 3 7 7 . 2 1 . 0
1 0 6 . 0 . 0 137 . 0 .1 1 7 0 . 1 .1 2 0 3 . 1 . 8 2 4 6 . 0 . 2 3 0 2 . 1 . 1 3 7 8 . 2 . 3
1 0 7 . 1 .1 1 3 8 . 5 3 . 3 171 , 2 . 9 2 0 4 . 1 1 .1 2 4 7 . 0 . 5 3 0 3 . 2 . 0 3 7 9 . 2 . 0
1 0 8 . 1 .1 141 . 0 . 4 1 7 2 . 2 . 2 2 0 5 . 0 . 6 2 4 8 . 0 . 4 3 0 4 . 1 . 2 3 9 0 . 1 . 2
1 0 9 . 1 . 3 1 4 2 . 0 1 . 5 1 7 3  . 0 1 . 2 2 0 6 . 0 . 2 2 4 9 . 1 . 3 3 0 5 . 1 .1 391 .1 2  . 6
1 1 0 . 1 . 3 1 4 3 . 0 . 8 1 7 4 - 0 . 2 2 0 7  .1 . 4 2 5 0 . 1 . 2 3 0 6 . 1 . 0 3 9 2 . 1 . 9
1 1 1 . 1 . 3 144 . 0 . 3 1 7 5 . 1 .1 2 0 3 . 1 . 3 251 .1 1 . 9 3 0 7 . 0 . 0 3 9 3 . 1 . 3
1 1 2 . 1 .1 1 4 5 . 0 .1 1 7 6 - 1 . 4 2 0 8 . 9 . 2 2 5 2 . 1 . 4 3 0 8 . 9 . 0 3 9 4 . 1 .1
1 1 3 . 1 . 2 1 4 6 . 0 . 5 1 7 7 . 0 1 . 8 2 1 0 . 1 . 2 2 5 3 . 1 . 2 3 1 5 . 2 . 0
1 1 4 . 1 .1 1 4 7 . 0 2 . 7 1 7 8 - 0 1 .1 2 1 1 . 1 . 0 2 5 4 . 1 . 0 3 1 6 . 2 . 0
1 1 5 . 1 . 8 1 4 8 . 1 . 6 1 7 9 . 1 . 4 2 1 3 . 1 . 0 2 5 9 . 0 . 0 3 1 7 . 1 . 1
1 1 6 . 2 . 4 1 4 9 . 0 . 4 1 8 0 . 1 . 5 2 1 4 . 0 . 0 2 6 0 . 1 . 4 3 1 8 . 1 . 3
1 1 7 . 1 1 . 3 150 . 0 1 .1 181 . 0 . 5 2 1 6 . 0 . 0 261  . 0 . 3 3 1 9 . 1 . 4
1 1 8 . 1 . 5 151 . 0 . 4 1 8 2 . 1 . 4 2 1 7 . 0 . 0 2 6 2 . 0 . 8 3 2 0 . 1 . 3
1 1 9 . 1 . 6 1 5 2 . 0 . 3 1 8 3 . 1 . 3 2 1 8 . 0 . 3 2 6 3 . 0 . 3 321  .1 .1
1 2 0 . 0 . 4 1 5 3 . 0 . 2 1 8 4 . 0 .1 2 2 0 . 0 1 1 . 5 2 6 4 . 0 .1 3 2 2 . 1 . 0
121 . 0 .1 1 5 4 . 0 .1 1 8 5 . 0 . 0 2 21  . 0 2 . 6 2 6 5 . 0 . 8 3 2 3 . 1 . 0

MASS

ro
COo

F igu re  37. Mass spec t rum  o f  an a u t h e n t i c  sample o f  p t e r i n  s i l y l a t e d  w i th  MTBSTFA. 
minutes i n  F igure  36.

R^=36.0
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would immediately be e lec trooxidized a t  the po te n t i a l s  used in the 

e l e c t ro l y s i s  ( 0 .2 3 -0 .26V/SCE). Consequently the p o s s i b i l i t y  ex i s t s  

t h a t  the e l e c t r o l y s i s  product so lu t ion  should al so  contain 7,8-  

dihydroxanthopterin (VII) with a molecular weight of  181 g/mole.

I
H

VII
(0 mm

Inspection of  Table 6  does not reveal a s i l y l a t e d  product 

which could be a der iva t ive  of  a molecule with a molecular weight of 

181 g/mole. However i t  does l i s t  a molecular ion of  a s i l y l a t e d  

der iva t ive  with mass 407 which could be a compound of HW=179 with 2 

TBDMS groups. The re t e n t io n  time fo r  t h i s  compound is  found to be 38.8 

minutes from Table 5. Xanthopterin (VIII) has a molecular weight of 

179 g/mole and could be formed from 7 , 8 -dihydroxanthopterin by a i r  

oxidation during the s i l y l a t i o n  process.

VIII
(0 mmm

Thus an au then tic  sample of  xanthopterin was s i l y l a t e d  with 

MTBSTFA in pyrid ine a t  room temperature fo r  câ . 30 minutes. The to ta l  

ion cur ren t  chromatogram fo r  xanthopterin i s  presented in Figure 38.
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Figure 38. To ta l  ion  c u r r e n t  chromatogram o f  an a u t h e n t i c  sample o f  x a n t h o p te r in  s i l y l ­
a t e d  w i th  MTBSTFA i n  p y r i d i n e  a t  room tem pera tu re  f o r  £ a .  30 minu tes .
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Two peaks are observed a t  r e te n t io n  times of  39.1 minutes and 41.6 

minutes which represen t  doubly (M'^=407) and t r i p l y  (M'*'=521) s i l y l a t e d  

der iva t ives  of  xanthopter in.  Figure 39 shows the mass spectrum of 

the doubly s i l y l a t e d  de r iva t ive  a t  a R^=39.1 minutes. The base peak 

i s  a t  a mass of  350 (M-57). Mass 392 (M-15) and 407 (M+) are also 

observed. A peak with an abundance of 6 . 6 % is a l so  observed a t  mass 

464. This i s  the M-57 peak fo r  t r i p l y  s i l y l a t e d  xanthopterin and is  

observed because o f  poor reso lu t ion  between the gas chromatographic 

peaks of  the doubly and t r i p l y  s i l y l a t e d  d e r iv a t iv e s .  Comparison of 

the mass spectrum and r e t e n t io n  time of  doubly s i l y l a t e d  xanthopterin 

with the mass spectrum and re te n t ion  time of the peak observed in the 

s i l y l a t e d  e l e c t r o l y s i s  product  mixture is  t e n t a t i v e  proof of  the presence 

of  xanthopterin as one o f  the products.

Owing to the f a c t  t h a t  evidence fo r  xanthopter in was found, the 

presence of  leucopter in  (MW=195) in the e l e c t r o l y s i s  product  solut ion 

was al so  suspected.  Leucopterin (IX) could be formed from xanthopterin 

according to the fol lowing equation:

H OH

- 2 H + - 2 e

H

H

hydrated VÎÏI !X
(0 COWM (0 0)

Indeed a r a th e r  la rge peak i s  observed in the chromatogram of Figure 320 

a t  a r e ten t ion  time of  39.5 minutes which exh ib i t s  a molecular  ion of



MASS % MOSS % MASS % MASS % MASS % MASS % MASS
9 1 . 1 . 2 125 . 0 . 5 1 5 8 . 0 3 . 2 1 9 2 . 1 . 7 2 3 7 . 1 1 . 8 2 9 6 . 1 . 3 3 9 2 . 1 2 . 5
9 2 . 1 . 2 126 . 0 . 5 1 5 9 - 0 1 . 0 1 9 3 . 1 . 6 2 3 8 . 1 1 . 3 2 9 7 . 1 . 2 3 9 3 . 1 . 6
9 2 . 9 . 4 1 2 7 . 2 . 5 1 6 0 . 1 . 4 194 . 0 . 4 2 3 9 . 1 . 6 3 0 6 . 1 . 2 3 9 4 . 1 . 3
9 3 . 8 . 2 1 2 8 . 0 . 6 161 . 0 . 3 1 9 5 . 1 . 2 2 4 0 . 0 . 2 3 0 8 . 0 . 3 4 0 0 . 9 . 2
9 5 . 0 . 3 129 . 0 . 6 1 6 2 . 1 . 2 1 9 6 . 0 . 5 2 4 1 . 2 . 2 3 0 9 . 0 . 2 4 0 6 . 2 . 5
9 6 . 1 . 5 1 2 9 . 9 . 4 1 6 2 . 9 . 3 1 9 6 . 9 . 3 2 4 8 . 0 . 2 3 1 3 . 3 . 2 4 0 7 . 2 2 . 0
9 7 . 1 . 7 131 . 0 3 . 5 164 . 0 . 2 1 9 3 . 0 . 4 2 4 9 . 1 . 2 3 1 8 . 1 . 3 4 0 8 . 0 1 . 0
9 8 . 0 . 5 132 . 0 1 . 9 1 6 5 . 0 . 4 2 8 2 . 0 . 3 2 5 0 . 1 . 7 3 1 9 . 0 . 2  • 4 0 9 . 1 . 6
9 9 . 1 4 . 7 133 . 0 4 . 7 1 6 6 . 1 . 6 2 0 3 . 1 . 2 251 .1 . 6 3 2 0 . 1 . 2 4 1 0 . 1 . 2

1 0 0 . 1 3 . 1 134 . 0 1 . 0 1 6 7 . 1 . 3 2 0 4  . 0 . 2 2 5 2 . 1 . 3 3 2 4  . 8 . 2 4 2 2 . 1 . 5
101 .1 . 9 1 3 5 . 0 1 . 0 1 6 8 . 1 . 3 2 0 5 . 1 . 2 2 5 3 . 1 . 2 3 2 6 . 9 . 2 4 2 3 . 1 . 2
1 0 2 . 0 . 5 136 . 0 . 3 1 6 9 . 0 . 6 2 8 6 . 0 . 4 2 6 2 . 0 . 5 3 3 4 . 1 S . 4 4 2 9 . 0 . 2
1 0 3 . 1 . 7 1 3 7 . 0 . 2 1 7 0 . 1 . 2 2 0 7 . 0 2 . 4 2 6 3 . 0 . 2 3 3 5 . 1 1 . 6 4 6 4 . 2 6 . 6
1 0 5 . 0 . 4 138 . 0 . 4 171 .1 . 6 2 0 8 . 0 2 . 5 2 6 4  . 0 . 6 3 3 6 . 1 . 8 4 6 5 . 2 3 . 8
1 0 7 . 2 . 3 138 . 8 .4 1 7 2 . 0 . 2 2 0 9 . 0 1 . 0 2 6 5 . 0 , .e 3 3 7 . 2 . 3 4 6 6 . 2 1 . 1
1 0 3 . 1 . 4 1 4 0 . 1 . 2 1 7 3 . 1 . 4 2 1 0 . 0 . 4 2 6 6 . 0 . 4 3 3 3 . 1 . 2 4 6 7 . 2 . 4
1 0 9 . 0 . 3 1 4 0 . 9 . 3 1 7 4 . 0 . 3 2 1 0 . 9 . 3 2 6 6 . 9 . 3 3 3 9 . 3 . 5
1 1 0 . 0 . 6 141 . 9 . 5 1 7 5 . 0 . 2 2 1 2 . 1 . 2 2 6 8 . 0 . 2 34 1 . 0 . 5
1 1 1 . 1 . 8 143 . 0 . 8 1 7 6 . 0 . 2 2 1 8 . 0 1 .1 2 6 9 , 1 . 3 3 4 8 . 0 . 3
1 1 2 . 0 . 2 144 . 0 . 8 1 7 7 . 0 . 4 2 1 9 . 0 . 4 2 7 6 . 0 . 5 3 5 0 . 1 1 0 0 . 0
1 1 3 . 1 . 4 1 4 5 . 0 . 3 1 7 8  .  8 . 2 2 2 0 . 0 . 6 2 7 8 . 0 3 . 9 351  . 2 2 8 . 2
1 1 3 . 9 . 2 1 4 6 . 6 4 . 9 1 7 9 . 0 . 6 2 21  . 0 . 7 2 7 9 . 0 1 . 0 3 5 2 . 1 1 1 . 1
1 1 5 . 1 2 . 2 1 4 9 . 0 . 6 180  . 0 . 5 2 2 2  . 0 . 3 2 8 0 . 1 . 4 3 5 3  .1 2 . 1
1 1 6 . 1 . 5 1 5 0 . 0 . 3 131 . 0 1 . 6 2 2 3 . 0 . 7 281 . 0 . 9 3 5 4 . 2 . 4
1 1 7 . 1 1 . 3 1 5 0 . 9 . 3 1 8 2 . 1 . 4 2 2 4  .1 . 3 281 . 9 . 3 3 5 5 . 2 .4
1 1 8 . 1 . 3 1 5 2 . 0 . 2 1 8 3 . 1 . 3 2 2 5 . 0 . 3 2 8 3 . 0 . 2 3 5 7 . 2 . 2
1 1 9 . 1 . 5 1 5 2 . 9 . 7 184 . 0 . 2 2 3 2 . 1 . 2 2 9 0 . 0 . 3 3 5 9 . 1 . 2
1 2 0 . 1 . 2 154 . 0 . 6 1 8 5 . 1 . 3 2 3 3 . 1 . 5 2 9 2 . 1 1 8 . 5 3 6 5 . 1 . 2
1 2 2 . 1 . 3 155 . 0 . 4 1 8 8 . 9 . 2 2 3 4 . 1 . 5 2 9 3 . 0 3 . 8 3 8 3 . 2 1 . 3
1 2 3 . 1 . 4 1 5 6 . 0 . 7 1 9 0 . 1 . 3 2 3 5 . 1 1 . 0 2 9 4  . 0 4 . 2 3 8 4  . 0 . 5
1 2 4 . 1 . 4 1 5 7 . 0 1 . 7 1 9 0 . 9 . 5 2 3 6 . 1 9 . 4 2 9 5 . 1 1 . 0 3 8 5 . 0 . 2

MOSS

r oOJ4=»

Figure 39. Mass spec trum o f  the  doubly s i l y l a t e d  d e r i v a t i v e  o f  an a u t h e n t i c  sample o f  xan tho­
p t e r i n .  R^=39.1 minutes in  F igure  38.
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mass 423. This could be a doubly s i l y l a t e d  de r iva t ive  of  a molecule 

with a molecular weight of  195 g/mole.

Authentic leucopterin was s i l y l a t e d  with MTBSTFA in pyridine 

a t  room temperature fo r  varying periods of  time and a t  100°C fo r  15 

minutes.  In every instance  only the t r i p l y  s i l y l a t e d  de r iva t ive  of  

leucopter in  was observed in the to t a l  ion current  chromatogram of the 

GC-MS a t  a re ten t ion  time of ça .  42.5 minutes. The molecular  ion is  

a t  a mass of  537 (195+3(114)=537) and peaks a t  M-57 (480) and M-15 (522) 

are also observed. Mass 480 i s  the base peak in the mass spectrum.

I t  was found th a t  regard less  of  the s i l y l a t i o n  procedure used, the 

process could not  be stopped a t  the poin t  where only two hydrogen atoms 

are  replaced.  This shed some doubt on the p o s s i b i l i t y  th a t  the peak 

observed a t  39.5 minutes in Figure 32D with M‘‘"=423 was r e a l l y  a r e s u l t  

of leucopter in  in the product so lu t ion .

S i ly l a t i o n  experiments on the t o t a l  product mixtures of peak 

I^ e lec t ro ly se s  of  5-MTHP in pH 4.7 NaCl revealed th a t  a number of 

products could be s i l y l a t e d .  This was cont rad ic tory  to what was observed 

when the separated products from peak I^ e l ec t ro ly se s  of  5-MTHP in pH

4.7 phosphate buffer  were subjected to  the s i l y l a t i o n  procedure (vide 

s u p ra ) . However the experiments on the t o t a l  product mixtures revealed 

t h a t  e a r l i e r  s i l y l a t i o n s  had perhaps been attempted a t  a temperature 

which was f a r  too high,  p a r t i c u l a r ly  in the case of  s i l y l a t i o n  with 

MTBSTFA. I t  was found t h a t  in many instances  room temperature was 

adequate fo r  performing d e r iv a t i z a t io n  with MTBSTFA. In cases where 

heating was necessary,  a temperature of  ca_. 100°C fo r  ca_. 15 minutes was 

found to accomplish the des ired  r e s u l t .  Thus i t  appeared t h a t  more study
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on the e lec t roox ida t ion  products of 5-MTHP separated using l iqu id  

chromatography on Sephadex 6-10 was necessary.

Separat ion of  E lec t ro lys i s  Products by Liquid 

Chromatography on Sephadex 6-10

Separat ion of  products from e l e c t r o l y s i s  in 0.5 M NaCl 

s o lu t i o n s . As a r e s u l t  of  the dismal success with i d e n t i f i c a t i o n  of  

products from separat ions  of  e lec t ro ly se s  performed in pH 4.7 phosphate 

buffers  with an ionic s tr eng th  of  0.5 M, i t  was decided to u t i l i z e  NaCl 

as the supporting e l e c t r o l y t e .  For comparison purposes a typical  

chromatogram of the separat ion of  products from peak 1 ^ e l e c t r o l y s i s  

( 0 . 2 0 V/SCE) o f  5-MTHP in pH 4.7 phosphate i s  presented in Figure 40.

LC peaks l ' , 2 ' ,  and 3' which are elu ted  in a band centered a t  a re ten t ion  

volume of  ca. 250 ml were gross ly  contaminated with phosphate which has 

a r e te n t io n  volume of ca. 210 ml. The use of  fo r  example 1 ' , 2 ' , 3 ' ,  

e t c . , wil l  in d ica te  a peak from separa t ion of  products from an e l e c t r o l y s i s  

ca r r i ed  out  in phosphate buf fer .  Peaks 4' and 5 ‘ were mostly phosphate 

f r e e ,  however they were a lso  qu it e  minor cons t i tuen ts  of  the product 

so lu t ion  as evidenced by low absorbance of  the u.v. bands and small 

q u a n t i t i e s  of  lyophil ized  material  co l lec ted .  Peaks 6 ' and 7' e lu t ing  

with r e te n t io n  volumes of  615 ml and 945 ml respec t ive ly  were t o t a l l y  

phosphate f r e e .  These peaks were very broad, however they both exhibited  

qu i t e  s trong u.v,  spec tra  and the lyophi l ized  f r ac t io n s  y ie lded  a consid­

erab le quant i ty  of products .

Many of  the e l e c t r o l y s i s  so lu t ions  in 0.5 M NaCl which had been 

analyzed before without  p r io r  product separa t ion  had also been saved.
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Figure  40. L iqu id  chromatogram o f  t h e  p ro d u c ts  from peak 1= e l e c t r o o x i ­
d a t io n  o f  0 .75  itM 5-MTHP in  pH 4 .7  phosphate  b u f f e r ,  y=0.5 
S e p a ra t io n  was accompl ished us ing  a 80 cm x 2 .5  cm column o f  
Sephadex G-10 r e s i n  and e l u t i n g  w i th  doubly d i s t i l l e d  w a te r .
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These were now separated u t i l i z i n g  the same l iqu id  chromatographic 

column of 75 cm x 25 cm Sephadex G-10 res in  and e lu t ing  with doubly 

d i s t i l l e d  water . None of  the f r ac t ions  of  the separated products 

contained any 5-MTHP. This i s  a r e s u l t  of  the a i r  oxidation of any 

5-MTHP which was not e lec tro lyzed  p r io r  to placing on the column or 

during the residence time on the LC column.

Peak I e lec troox ida tion  of 5-MTHP was car r ied  out a t  three
a

concentra t ions :  0.75 mM, 1.5 mM, and 2.3 mM. The supporting e l e c t ro ly te  

in a l l  cases was 0,5 M NaCl with the pH maintained a t  4.7+0.1 by add it ion  

of  m i c r o l i t e r  q u a n t i t i e s  of ca. 1 ^  NaOH. Changing the amount of 

s t a r t i n g  material  in the e l e c t r o l y s i s  did not seem to change the products 

which were observed in the separat ion on Sephadex G-10. A typical  

separa t ion  i s  i l l u s t r a t e d  by the l iqu id  chromatogram in Figure 41. This 

i s  the separat ion  of 1 / 2  of  the products from peak e l e c t ro ly s i s  of 

10 mg of 5-MTHP in 25 ml of  so lu t ion  (1.5 mM 5-MTHP). One-half of the 

products were separated per  chromatographic run to prevent overloading 

the column and increas ing  the absorbance above the l imit s  of  the flow­

through de tec to r .

E lec t ro ly s i s  product so lu t ions  were concentrated by ly o p h i l i -  

za t ion  to  ç a . 3 ml. The concentrated e l e c t r o l y s i s  product so lu t ions  were 

s to red  in small screw cap v i a l s .  This made i t  convenient to take one- 

ha l f  of  the products to i n j e c t  on the LC column. Figure 41 i l l u s t r a t e s  

the separat ion  of  e l e c t r o l y s i s  products immediately a f t e r  concentrat ing 

by ly o p h i l iz a t io n .  Figure 42 i s  a chromatogram of the separat ion of 

products  which had been stored in solu t ion  fo r  several weeks. The 

amount of  s t a r t i n g  material  and a l l  o ther  condit ions were the same as in
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Figure  41. L iquid  chromatogram o f  the  p roduc ts  from peak Ig  e l e c t r o o x i d a t i o n  
o f  1.5 mM 5-MTHP i n  pH 4 .7  ± 0 .1  NaCl. 0 .5  M. S e p a ra t io n  
was accomplished on a 75 cm x 2 .5  cm column o f  Sephadex G-10 
r e s i n  and e l u t i n g  w i th  doubly d i s t i l l e d  w a te r .
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Figure  42, Liqu id  chromatogram o f  the  p roduc ts  from peak 1= e l e c t r o o x i d a t i o n  
o f  1.5 mM 5-MTHP in  pH 4 .7  ± 0 .1  NaCl, 0 .5  M . S e p a ra t io n  was 
accomplished on a 75 cm x 2 .5  cm column o f  Sephadex G-10 r e s i n  
and e l u t i n g  w i th  doubly d i s t i l l e d  w a te r .  These p roduc ts  had 
been s t o r e d  i n  s o l u t i o n  f o r  s e v e r a l  weeks.
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the separat ion depicted in Figure 4L  In each case the flow ra te  was 

s e t  a t  ca_. 15 ml hr”  ̂ un t i l  chromatographic peak 6  was e lu ted .  After  

t h i s  the flow r a t e  was increased to 35-40 ml h r '^  to  decrease the to ta l  

time fo r  the separa t ion .

Comparing the two separa t ions several  d i f fe rences  are noted.

The separat ion of  the products  which had been s tored  (Figure 42) 

i l l u s t r a t e s  t h a t  the compounds respons ib le  fo r  peaks 1, 2 , and 5 are 

present  in much la rg e r  q u a n t i t i e s .  Another d i f fe rence  i s  the decrease 

in s i z e  of  peak 3 which i s  observed as a shoulder on the r i s in g  portion 

of peak 4. The most p la us ib le  explanation fo r  the o r ig in  of peaks 1 ,

2, and 5 i s  t h a t  they are decomposition products of  o ther  components of 

the e l e c t r o l y s i s  product mixture.  Since peak 3 decreases in s ize  i t  

seems l i k e ly  t h a t  i t  decomposes with time perhaps y ie ld ing  some of the 

compounds responsib le  fo r  peaks 1 , 2 , and 6 .

I d e n t i f i c a t i o n  of  separated products from e l e c t ro ly se s  in 0.5 

tl NaCl. Since several  e l e c t r o l y s i s  products  had been i d e n t i f i e d  in 

analyses of  the t o t a l  product  mixtures ,  i t  was decided to determine i f  

any of  the separated products were those already id e n t i f i e d .  P te r in  was 

the f i r s t  product  which was id e n t i f i e d  in the e l e c t r o l y s i s  product 

mixture.  Therefore a u.v .  spectrum of au then t ic  p te r in  was run in 

d i s t i l l e d  water  and i s  shown in Figure 43A (^^a^'ZlS nm, 225 nm, 267 nm, 

and 336 nm). This i s  s l i g h t l y  d i f f e r e n t  from the values reported for  

the u.v.  bands of  p te r in  a t  pH 5 (X^g^=233 nm, 270 nm, and 339 nm).^^ 

U.v. spec tra of  s ing le  t e s t  tubes a t  chromatographic peak maxima had 

been obtained throughout the chromatographic runs of  a l l  separa t ions .  

Because the amount of  the various components was g r e a t e r  in the
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Figure 43. (A) U:.v. spectrum o f  au then tic  p te r in  sample disso lved  in
d i s t i l l e d  water.  Spectrum obtained in 0.5 cm c e l l s .  Scan 
r a te :  200 nm min-1. (B) U.v. spectrum of f r ac t io n  (574-576 
ml) from separat ion  of  peak I g e l e c t r o l y s i s  of  15 mg 5-MTHP 
in pH 4.7 NaCl, 0.5 M. Scan r a t e :  400 nm min-l.
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e l e c t ro l y s i s  of la rg e r  amounts of  s t a r t in g  material (5-MTHP), the spectra 

obtained during the separat ion of  2.3 mM 5-MTHP e l e c t ro l y s i s  products 

were examined. The u.v.  spectrum of a 3 ml f rac t ion  of  the LC peak 

corresponding to peak 9 in Figures 41 and 42 a t  a re ten tion  volume of 

576 ml i s  shown in Figure 43B. I t  exhib i t s  u.v.  peak maxima a t  X=213 

nm, 226 nm, 267 nm, and 337 nm which is  identica l  to the spectrum of 

au thent ic  p te r in .

However when LC peak 9 was concentrated by lyophi l iza t ion  the 

u.v.  spectrum changed giving new peaks a t  ^^^^(=248 nm, (268 nm), and

353 nm. P terin  has a pK a t  ca. 8  and i t  was f e l t  t h a t  the pH of the
a  —"

so lu t ion  might be above the pK̂ .. To make abso lu te ly  ce r ta in  t h a t  the

u.v.  spectrum of LC peak 9 was identica l  with p te r in ,  both au then tic

p te r in  and the compound iso la ted  from peak 9 were dissolved in pH 4.6

PÔ  ' ,  y=0.5. The spec tra  a t  pH 4.6 are shown in Figures 44A,B and i t

i s  obvious they are indeed the same. Authentic p te r in  has u.v.  peaks

a t  =2.15 nm, 231 nm, 271 nm, and 338 nm a t  pH 4.6 and LC peak 9 has niaX

u.v. peaks a t  nm, (229) nm, 271 nm, and 336 nm. The long

wavelength peak in each case has a shoulder a t  ca. 360 nm which is  also

c h a r a c t e r i s t i c  fo r  p te r in .  At very short  wavelengths another u.v.  peak 

i s  observed a t  câ . 193 nm which i s  probably due to absorption by the 

buf fer .  I t  was not observed when the spectra  were obtained in water .

GC-MS of LC peak 9 product . The to ta l  ion cur ren t  chromatogram 

of the product i so la ted  from LC peak 9 and s i l y l a t e d  with MTBSTFA is 

shown in Figure 45. A peak is  observed a t  R^=35.8 minutes (5855 counts) 

which i s  ca. the re ten t ion  time fo r  p te rin  (see Figure 36). The mass 

spectrum of the peak a t  35.8 minutes is shown in Figure 46. This mass
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Figure 44. U.v. spec t ra  in pH 4.7 phosphate buffer  in 0.5 cm c e l l s .  Scan 
r a t e :  200 nm min-1. (A) au then tic  p te r in  and (B) LC peak 9.
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Figure 45. To ta l  ion c u r r e n t  chromatogram o f  p ro d u c t  i s o l a t e d  from LC peak 9 and s i l y l ­
a t ed  w i th  .50 ul  MTBSTFA in  50 yl p y r i d i n e  a t  100°C f o r  13 minutes .



MASS % MASS % MASS MASS % MASS % MASS %
91 .1 . 3 1 2 4 . 2 . 5 1 5 8 . 0 2 . 0 1 9 4 . 0 . 3 2 6 8 . 0 . 4 3 41  , 0 . 3
9 2 . 1 . 3 1 2 5 . 1 . 5 1 5 9 . 0 . 6 1 9 5 . 0 . 3 261 . 0 . 4 3 5 5 . 1 . 3
9 3 . 0 . 6 1 2 6 . 1 . 3 1 6 0 . 0 . 2 1 9 6 . 9 . 3 2 6 2 . 0 . 8 3 7 6 . 2 3 . 0
9 4 . 1 . 4 1 2 7 . 1 . 4 1 6 0 . 9 . 4 1 9 3 . 0 . 8 2 6 3 . 0 . 3 3 7 7 . 2 . 9
9 5 . 0 . 7 128 . 0 . 5 161 . 8 . 2 1 9 9 . 1 . 2 2 6 4 . 1 . 2 3 7 8 . 2 . 4
9 6 . 0 1 . 2 129 . 0 . 6 1 6 3 . 0 . 5 2 0 2 . 0 2 . 4 2 6 4 . 9 . 2 3 9 0 . 1 . 2
9 7 . 2 . 7 130 . 9 2 . 6 1 6 5 . 0 . 3 2 0 2 . 9 . 6 2 6 7 . 0 . 3 3 91  . 2 2 . 6
9 8 . 1 1 .1 1 3 2 . 0 1 . 5 1 6 5 . 9 . 2 2 0 4  . 0 . 9 2 7 6 . 0 1 . 0 3 9 2 . 2 . 9
9 9 . 1 4 . 5 1 3 2 . 9 2 . 2 1 6 7 . 0 . 5 2 0 5 . 1 . 6 2 7 7 . 0 6 . 8 3 9 3 . 1 . 3

1 0 0 . 1 2 . 2 1 3 4 . 0 . 7 1 6 8 . 1 . 3 2 0 5 . 9 . 3 2 7 8 . 0 5 . 9
101 . 0 . 6 1 3 5 . 1 . 6 1 6 9 . 0 . 3 2 0 7 . 0 7 . 7 2 7 9 . 0 2 . 3
1 0 2 . 0 . 6 1 3 6 . 1 . 4 171 . 0 1 . 0 2 0 8 . 0 1 . 9 2 8 0 . 8 . 7
1 0 3 . 1 . 5 1 3 7 . 1 . 2 1 7 2 . 1 . 3 2 0 8 . 9 1 . 3 281  . 0 1 . 6
1 0 4 . 1 . 6 1 3 8 . 6 5 . 6 1 7 3 . 0 1 . 0 2 1 0 . 0 . 4 231 . 9 . 4
1 0 5 . 1 . 8 141 . 0 . 4 1 7 4 . 0 . 2 2 1 8 . 0 . 4 2 8 3 . 0 . 4
1 0 7 . 1 . 2 142 . 0 1 . 2 1 7 5 , 0 . 2 2 1 9 . 1 . 2 2 9 2 . 1 . 4
1 0 8 . 9 . 4 143 . 0 . 8 1 7 6 , 2 . 4 2 2 0 . 0 1 0 . 0 2 9 3 . 1 . 2
1 1 0 . 1 . 4 1 4 3 . 9 . 3 1 7 7 . 0 1 . 9 2 21  . 0 2 . 1 3 04  . 0 . 2
1 1 1 . 2 . 5 145 . 0 . 2 1 7 8 . 0 1 . 2 2 2 1  . 9 . 7 3 1 5 . 2 . 9
1 1 2 . 1 . 3 146 . 0 .4 17.9 -1 1 . 0 2 2 3 . 1 . 3 3 1 6 . 2 . 2
1 1 3 . 1 . 4 1 4 7 . 0 3 . 6 1 8 0 . 1 . 5 2 2 4 . 1 . 2 3 1 7 . 0 . 2
1 1 4 . 1 . 2 1 4 8 . 0 . 7 131 . 0 . 5 2 3 4 . 0 . 3 3 1 8 . 1 . 3
1 1 5 . 1 . 9 1 4 8 . 9 1 . 8 1 3 2 . 0 . 3 2 3 5 . 0 3 . 7 3 1 9 . 2 . 4
1 1 6 . 1 . 5 150 . 0 1 . 2 1 3 3 . 1 . 4 2 3 6 . 0 . 9 3 2 0  . 1 . 3
1 1 7 . 1 1 . 6 1 5 0 . 9 . 5 1 8 5 . 1 . 2 2 3 7 . 0 ' . 6 3 2 7 . 2 . 7
1 1 8 . 2 . 6 1 5 2 . 0 . 4 1 3 3 . 1 . 2 2 4 7 . 1 . 5 3 2 8 . 3 . 2
1 1 9 . 1 . 9 1 5 2 . 8 . 2 1 8 9 . 1 . 2 2 4 8 . 1 . 3 3 3 4 . 1 1 0 0 . 0
1 2 0 . 1 . 5 154 . 0 . 3 1 9 0 . 0 . 3 2 4 8 . 9 . 4 3 3 5 . 1 3 9 . 0
121 . 0 . 2 155 . 0 . 4 191 . 0 . 9 2 5 1 . 1 1 . 6 3 3 6 . 1 1 3 . 0
1 2 2 . 1 . 2 1 5 6 . 0 . 5 1 9 2 . 1 . 4 2 5 2 . 1 . 4 3 3 7 . 1 3 . 3
1 2 3 . 1 1 .1 1 5 7 . 0 2 . 5 1 9 2 . 9 . 5 2 5 3 . 1 . 3 3 3 8 . 1 . 6
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Figure  46. Mass spec t rum o f  peak a t  R^=35.8 minutes from the  chromatogram o f  LC peak 9 
(iFigure 41) s i l y l a t e d  w i th  MTBSTFA in  p y r i d i n e .
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spectrum i s  id e n t ica l  with the one obtained fo r  au then tic  p te r in  

(compare Figure 37) with c h a r a c t e r i s t i c  ions a t  mass 334 (M-57), 376 

(M-15), and 391 (M+).

Cyclic voltammetry of LC peak 9 product . Cyclic voltammetry 

of  LC peak 9 and au then t ic  p te r in  was ca r r i ed  out in pH 4.6 phosphate, 

u=0.5 M because voltammetry in the NaCl so lu t ion  showed broad i l l -  

defined peaks as a r e s u l t  of  the lack of buf fe r  capacity.  A cyc l ic  

voltammogram of  LC peak 9 i s  presented in Figure 47A. The i n i t i a l  sweep 

toward negative p o te n t i a l s  revea ls  two voltammetric reduction peaks 

i d e n t i c a l  to those fo r  p te r in  in Figure 47B. When the poten tia l  sweep 

i s  reversed one major voltammetric oxidation peak together  with three 

small oxida tion peaks i s  observed in each case.  The large voltammetric 

ox ida tion  peak a t  0.03V i s  due to  the 2ê  - 2H'*’ e lec troox ida tion  of  

t e t r a h y d ro p te r in  which i s  formed in the reduction process a t  a peak 

p o te n t ia l  o f  -1.17V/SCE. This oxidation process forms an unstable 

q u inonOid-dihydropterin which undergo a quas i - r eve rs ib le  reduction a t  

a peak po te n t ia l  o f  ca.  OV. a t  pH 4 .6 .^  Referring to Figure 47 i t  can 

be seen t h a t  the reverse peak i s  extremely small a t  200 mV s ”  ̂ ind ica t ing  

most of  the quinonoid-dihydropterin has d i f fused  away from the e lect rode 

sur face  and i s  unavai lable  fo r  reduct ion.  This can explain why a la rge 

voltammetric oxida tion peak i s  observed a t  ça .  OV/SCE during e lec t ro ly se s  

of  5-MTHP in both PO^^' and Cl~ so lu t ions  which appears to lose i t s  

r e v e r s ib l e  c h a r a c t e r i s t i c s  as the e l e c t r o l y s i s  nears completion (see 

Figures 12 and 14B).

All of  the above data comparing the LC peak 9 product with 

au then t ic  p te r in  f irmly i d e n t i f i e s  i t  as p te r in .  Comparing the u.v.
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l O ^ A

1.5 1.0 0.5 0  - 0 . 5  -1 .0  -1 .5
P o t e n t i a l / V o l t  vs .  SCE

Figure 47. Cyclic voltammograms in pH 4.6 phosphate b u f fe r ,  v=0.,5 M.
Sweep ra te :  200 mV s-1.  (A) LC peak 9 and (B) au then tic  
p te r in .
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spectrum and r e ten t ion  volume (515 ml) of LC peak 6 ' from the separat ion 

of  products from peak e l e c t ro ly s i s  in pH 4.7 PÔ  " (Figure 40) with 

LC peak 9 id e n t i f i e s  LC peak 5 ‘ as p te r in  also .

Id e n t i f i c a t io n  of xanthopterin as one o f  the e l e c t ro ly s i s

products . Values fo r  u.v.  peak maxima are given as X=276 nm and 388 nm
40a t  pH 4.0 fo r  the non-hydrated species of  xanthopterin .  At pH 13.0 

the values are given as X_,^=255 nm, (275) nm, and 394 nm. An u.v.
iïlaX

spectrum of an au then t ic  sample of xanthopterin was obtained in both 

d i s t i l l e d  water  and pH 4.7 PO^^” , p=0.5 M and exhibited peaks a t  

212 nm, 276 nm, (300) nm, and 388 nm. A so lu t ion  of xanthopterin is  

decidely orangeish-yellow. Several of  the components from separa t ion  of 

products from peak 1^ e l e c t ro l y s i s  of  5-MTHP in pH 4.7 PÔ  ~ were 

decidedly yel lowish.  The component which e lu te s  as LC peak 2' in 

Figure 40 had an u.v.  spectrum s im i la r  to the u.v.  spectrum of xantho­

p te r in .  U.v. peaks in d i s t i l l e d  water were observed a t  X^^^=258 nm,

(276) nm, and 387 nm. This compares qu it e  well with the spectrum 

reported in the l i t e r a t u r e  a t  pH 13.0. Once again the pH of the d i s t i l l e d  

water  i s  not con t ro l led  there fore  i t  might have a pH high enough to 

cause some unusual behavior. However i t  appears t h a t  the peak a t  

387 nm i s  very c h a r a c t e r i s t i c  fo r  xanthopter in.

Separat ion of  products from peak e lec t ro ly se s  which were 

ca r r ied  out  in 0.5 M NaCl pH 4.7 showed evidence of only small qua n t i t i e s  

of  xanthopterin.  When xanthopterin was observed i t  was found in 

f r ac t ions  e lu t ing  in the region of  LC peaks 5 and 6  in Figures 41 and 42. 

These f r ac t ions  had a component in very low concentra t ion  with 

nm, (-275) nm, and 388 nm. At other  times xanthopterin was not observed
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a t  a l l  in the u.v.  spec t ra .  This was not su rp r is ing  in the l i g h t  of 

the f a c t  t h a t  the GC-MS of the to ta l  product mixture (Figure 320) gave 

a to ta l  of  le ss  than 2000 counts fo r  both doubly (mass 407) and t r i p l y  

s i l y l a t e d  (mass 523) xanthopterin .  The product so lu t ion  of  5-MTHP 

e lec t ro lyzed  a t  peak 1^ in 0.5 M NaCl pH 4.7 did not show nearly the 

i n t e n s i ty  of  yel low color  as the product so lu t ion  when e lec tro lyzed  in 

pH 4.7 PO^'" ,  y=0.5 M, ind ica t ing  t h a t  le s s  xanthopterin was probably 

generated in the NaCl so lu t ion .

In an at tempt to confirm t h a t  the yel lowish f r ac t io n  i so la ted  

from e l e c t ro ly se s  c a r r i ed  out  in pH 4.7 PO  ̂" and showing ^^gj^=258 nm,

(276) nm, and 387 nm was indeed xan thopterin ,  a sample was lyophil ized  

and s i l y l a t e d  with MTBSTFA. This sample, which elu ted  a t  a r e ten t ion  

volume of  248 ml (LG peak 2 ' ) ,  was ac tu a l ly  from an e l e c t r o l y s i s  ca r r ied  

out  a t  peak 11^ p o te n t i a l s  (0.32V/SCE) because more of t h i s  component 

was generated a t  t h i s  p o t e n t i a l .  As mentioned above a l l  LC peaks a t  th i s  

re te n t io n  volume were contaminated with phosphate and thus the GC-MS 

data indica ted  only the presence of  de r iva t ized  phosphate. The lyophil ized  

sample appeared to be very hygroscopic because i t  was always s o f t  and 

s t icky .  Samples with phosphate ty p i c a l l y  e x h ib i t  t h i s  type of behavior.

I t  was f e l t  t h a t  i t  might be possib le to remove the phosphate 

from the organic compound by ex t rac t ion  with an organic so lven t .  Conse­

quently the sample i s o la te d  from LC peak 2' was ex t rac ted  with methanol.

The organic compound appeared to d is solve in the methanol as evidenced 

by the yel lowish co lor  of  the methanol so lu t ion .  A white p r e c i p i t a t e  

was l e f t  a f t e r  the methanol ex t rac t ion  which gave a pos i t ive  phosphate 

t e s t  with a c i d i f i e d  ammonium molybdate so lu t ion .  Unfortunately,
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phosphate i s  al so  p a r t i a l l y  soluble in methanol. However, addi t ional  

phosphate was p r e c ip i ta ted  from the methanol so lu t ion  when some of the 

methanol was allowed to evaporate.

After  p r e c ip i t a t in g  the phosphate the methanol e x t r a c t  was 

once again lyophi l ized ,  dissolved in d i s t i l l e d  water ,  and subjected to 

another pass through the 6-10 column. This time a basel ine separat ion 

was achieved between the remaining phosphate and the sample peak. The 

material  which was i so la ted  from the sample peak on th i s  occasion was 

a f l u f f y ,  orange powder. A small amount of  th i s  sample was s i l y l a t e d  

with MTBSTFA in pyridine a t  room temperature fo r  câ . 30 minutes and 

subjected to GC-MS ana lys i s .  Figure 48 is  the to t a l  ion cur ren t  

chromatogram which shows a la rge  peak a t  41.8 minutes with a molecular 

ion of  mass 521. I t  also  shows a peak a t  29 minutes which i s  s i l y l a t e d  

phosphate. The mass spectrum of the peak with R^=41.8 minutes is 

presented in Figure 49. This mass spectrum exh ib i t s  an iden t ica l  f r ag ­

mentation pa t te rn  as the mass spectrum of the peak a t  41.6 minutes 

(Figure 50) from the chromatogram of au then t ic  xanthopterin (Figure 38). 

This i s  confirmation th a t  LC peak 2' with u.v.  peaks a t  Aj^g^=258 nm,

(276) nm, and 387 nm i s  indeed xanthopterin.

Cyclic voltammetry of  xanthopte r in . Cyclic voltammetry of 

xanthopterin in pH 4.7 phosphate i s  very complex (Figure 51A,B). The 

i n i t i a l  pos i t ive  sweep reveals  f ive  voltammetric oxidation peaks. Upon 

revers ing the sweep s ix  voltammetric reduction peaks are observed. On 

the second pos i t ive  sweep a number of  new oxidation peaks are observed 

( f ive  new peaks) . I f  the i n i t i a l  sweep i s  toward negative p o te n t ia l s  

three  reduction peaks are observed. Upon reversal  of  the po te n tia l  sweep
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MASS % MASS % MASS •-Î MASS % MASS %
9 3 . 2 . 5 1 4 2 . 9 . 7 2 0 2 . 0 . 5 2 9 3  . 0 5 . 2 4 4 8 . 0 . 7
9 6 . 0 . 5 144 .1 . 8 2 0 4 . 0 . 4 2 9 4  . 0 2 . 6 4 4 9 . 2 . 7
9 6 . 9 . 8 1 4 7 . 0 4 . 1 2 0 7 . 0 4 . 4 2 9 5 . 1 . 5 4 5 0 . 1 . 7
9 7 . 9 . 6 1 4 3 . 0 . 9 2 0 8 . 1 1 . 1 3 0 6 . 2 . 5 4 6 4 . 2 1 0 0 . 0
9 9 . 1 5 . 1 1 4 9 . 0 . 9 2 0 9 . 0 . 7 3 0 7  . 2 . 5 4 6 5 . 2 5 8 . 2

1 0 0 . 1 3 . 5 151 . 0 .4 2 1 3 . 1 . 5 3 0 8  . 0 . 5 4 6 6 . 2 21 . 7
101 . 0 . 7 1 5 4 . 9 . 4 2 1 7 . 0 . 6 3 0 9 . 0 . 8 4 6 7 . 2 6 . 2
101 . 9 . 5 1 5 6 . 1 . 8 2 1 8 . 0 1 . 7 3 11  . 2 . 4 4 6 8 . 2 1 . 9
1 0 3 . 1 . 4 1 5 6 . 9 2 . 4 2 1 9 . 0 . 6 3 1 8 . 1 . 8 5 0 6 . 3 2 . 3
1 0 3 . 4 . 4 1 5 8 . 0 5 . 9 221 . 0 . 4 3 2 0  .1 . 4 5 0 7 . 3 . 9
1 0 8 . 1 . 8 1 5 9 . 0 1 . 5 2 2 4 . 0 . 4 3 2 3  .1 . 4 5 0 8 . 2 . 5
1 1 1 . 0 . 5 1 6 0 . 0 . 3 2 2 4 . 9 . 9 3 2 5 . 0 . 4 5 2 0 . 4 . 5
1 1 3 . 1 . 4 1 6 7 . 9 .4 2 3 0 . 9 . 3 3 3 2 . 0 . 9 521  . 3 3 . 1
1 1 5 . 1 1 . 3 1 6 9 . 0 . 6 2 3 6 . 1 1 . 2 3 3 4 . 1 4 . 4 5 2 2 . 3 1 .1
1 1 6 . 3 . 4 171 .1 2 . 6 2 3 7 . 1 . 4 3 3 5  .1 1 .1 5 2 3 . 3 . 5
1 1 7 . 1 1 . 1 1 7 2 . 2 .4 2 3 8 . 1 . 5 3 3 6 . 1 1 . 0
1 1 7 . 8 . 4 1 7 3 . 0 1 . 3 2 4 8 . 1 . 5 3 3 3 . 2 . 7
1 1 9 . 1 . 5 1 7 3 . 9 . 5 2 4 9 . 0 . 4 3 4 7 . 9 . 6
1 2 4 . 1 . 5 1 7 4 . 9 . 5 251 . 0 . 5 3 4 9 . 0 . 6
1 2 7 . 1 . 4 1 7 6 . 0 1 . 4 2 5 2 . 1 . 4 3 5 0  .1 4 . 0
1 2 8 . 0 . 4 1 7 7 . 0 . 4 2 6 2 . 0 . 5 3 5 1 . 1 ' 2 . 9
1 2 9 . 1 . 5 181 .1 . 8 2 6 4 . 1 1 , 4 3 5 2  f - î ‘5 1 . 1
1 3 0 . 0 . 8 1 8 2 . 0 . 7 2 6 4 . 9 . 6 3 5 3 . 1 . 5
131 . 0 5 . 3 184 . 0 . 4 2 6 7 . 0 . 8 3 6 5 . 1 . 5
1 3 2 . 1 1 . 6 1 9 0 . 1 . 7 2 7 6 . 0 . 7 3 9 2 . 1 . 6
1 3 3 . 0 4 . 2 191 .1 . 9 2 7 7 . 0 . 6 4 0 6  . 0 1 . 4
1 3 3 . 8 . 8 1 9 2 . 1 .5 2 7 7 . 9 1 . 2 4 0 7 . 2 3 . 7
1 3 5 . 0 . 6 1 9 3 . 0 . 7 231 . 0 1 . 4 4 0 8 . 0 6 . 7
1 3 9 . 1 . 4 1 9 4 . 1 . 5 2 8 2 . 1 . 7 4 0 9 . 1 4 . 6
141 . 0 . 5 1 9 7 . 0 .4 2 9 0 . 0 . 5 4 1 0 . 1 1 . 5
141 . 9 . 7 1 9 3 . 0 . 7 2 9 2 . 0 21 . 7 4 1 1  . 2 . 5

MASS MASS MASS
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Figure  49. Mass spec trum o f  peak a t  R.=41,8 minutes  from the  chromatogram o f  LC peak 2 '  
(F igure  48) s i l y l a t e d  w i th  MTBSTFA in  p y r i d i h e .



MASS MASS ■-£ MASS MASS •< MASS •< MASS \ MASS % MASS '•S
9 7 . 8 .1 1 4 0 . 9 . 2 1 7 5 . 0 . 2 2 0 3 . 9 . 2 2 4 8 . 1 . 3 2 9 3 . 0 4 . 9 3 3 8  .1 . 6 4 0 9 . 1 5  . 3
9 8 . 0 . 2 1 4 2 . 0 . 2 1 7 6 , 2 . 7 2 1 0 . 0 . 1 2 4 9 . 0 . 2 2 9 4 . 0 2 . 4 3 3 9 . 2 . 3 4 1 0 . 0 1 . 6
9 9 . 1 1 . 6 1 4 3 . 1 . 2 1 7 7 . 0 . 2 2 1 1  . 0 . 1 2 5 0 . 0 . 3 2 9 5 . 0 . 5 3 4 0 , 9 . 2 4 1 1 . 1 . 7

1 0 0 . 1 . 7 1 4 4 . 1 . 3 1 7 8 . 0 . 2 2 1 3 . 1 . 2 2 5 1  . 0 . 5 2 9 6  .1 . 4 3 4 8 . 1 . 6 4 2 2 . 1 . 2
1 0 0 . 9 .1 1 4 4 . 9 . 2 1 3 0 . 1 . 2 2 1 5 . 1 . 2 2 5 2 . 1 . 2 2 9 7 . 1 . 2 3 4 9 . 0 . 4 4 2 3  . 2 . 2
1 0 2 . 2 .1 1 4 7 . 1 1 . 3 131 . 0 . 3 2 1 6 . 0 . 2 2 5 3 , 1 . 3 2 9 8 . 1 . 2 3 5 0 . 1 6 . 2 4 3 4  . 2 . 2
1 0 8 . 0 . 2 1 4 7 . 9 . 2 1 8 2 . 0 . 4 2 1 7 . 0 . 2 2 5 4 . 1 .1 3 0 2 . 1 .1 351 .1 3 . 2 4 4 3  . 0 . 7
1 1 0 . 1 .1 1 4 8 . 9 .4 1 3 2 . 9 . 2 2 1 8 . 0 1 . 2 2 5 6 . 1 .1 3 0 6 . 0 . 2 3 5 2 . 1 1 . 8 4 4 9 . 2 . 5
111 . 0 . 2 1 4 9 . 9 .1 1 3 4 . 0 .1 2 1 9 . 0 . 3 261  . 9 . 5 3 0 7 . 1 . 2 3 5 3 . 1 . 4 4 5 0 . 1 . 5
1 1 3 . 0 .1 1 5 3 . 0 . 2 1 3 4 - 9 .1 2 2 0 . 0 . 2 2 6 3 . 0 . 2 3 0 8 . 0 . 4 3 5 5 . 0 .1 4 S I  . 1 . 2
1 1 5 . 1 . 4 1 5 3 . 9 . 2 1 3 9 . 0 . 2 2 21  .1 .1 2 6 4  . 0 1 .1 3 0 9 . 1 . 5 3 6 4 . 0 . 5 4 6 2 . 1 . 3
1 1 6 . 1 . 2 1 5 4 . 9 . 2 1 9 0 . 0 . 3 2 2 2 . 0 . 2 2 6 5 . 0 . 4 3 1 0 . 2 . 3 3 6 5 . 2 . 2 4 6 4 . 1 1 0 0 . 0
1 1 7 . 1 . 4 1 5 6 . 1 . 3 191 , 0 . 2 2 2 3 . 0 . 3 2 6 6 . 0 . 3 311  . 0 . 4 3 6 6 . 2 . 3 4 6 5 . 1 5 7 . 6
1 1 9 . 1 .1 1 5 7 . 0 1 . 2 1 9 2 . 1 .1 2 2 4 . 1 . 2 2 6 7 . 0 . 5 3 1 2 . 0 . 2 3 6 7 . 1 .1 4 6 6 . 1 2 4 . 7
1 2 4 . 1 .1 1 5 9 . 0 3 . 7 1 9 3 . 0 .  3 2 2 5 . 0 . 3 2 6 8 . 0 . 2 3 1 8 . 0 . 6 3 7 6 . 1 . 2 4 6 7 . 2 7 . 3
1 2 5 . 0 . 1 1 5 9 . 0 . 8 1 9 4 . 1 . 2 2 2 6 . 0 . 2 2 6 9 . 1 .1 3 1 9 . 0 . 3 331 . 2 . 2 4 6 8 . 1 1 . 9
1 2 8 . 1 .1 1 6 0 . 0 .4 194 . 9 .1 231  . 0 . 2 2 7 6 . 1 . 7 3 2 0 . 1 . 2 3 3 3 . 3 . 3 4 6 9 . 1 . 3
128  . 9 .1 1 6 5 . 0 . 2 1 9 7 . 0 . 3 2 3 2 . 1 . 2 2 7 6  . 9 . 5 321  . 9 . 3 3 3 4 . 0 . 2 5 0 6 . 3 2 . 7
1 3 0 . 0 . 4 1 6 6 . 0 . 2 1 9 3 . 0 . 3 2 3 4 . 1 . 2 2 7 8 . 0 . . 9 3 2 3 . 0 . 5 3 9 0 . 0 . 2 5 0 7  . 3 1 .0
131 . 0 2 . 2 1 6 7 . 1 . 2 2 0 2 . 0 . 2 2 3 5 . 1 . 2 2 7 9 . 1 . 4 3 2 4 . 9 . 3 3 9 1 . 1 .1 5 0 8  . 2 . 6
1 3 2 . 0 . 7 1 6 8 . 1 .1 2 0 3 . 0 . 2 2 3 6 . 1 . 9 2 8 0 . 1 . 2 3 3 2 . 1 . 7 391 . 9 . 4 5 0 9 . 2 . 1
1 3 3 . 0 1 . 3 1 6 9 . 1 . 4 2 0 4 . 1 . 2 2 3 7  .1 . 4 231  . 0 . 5 3 3 3 . 0 . 3 3 9 3 . 0 . 4 5 2 0 . 2 . 7
1 3 4 . 0 . 4 171 .1 1 . 0 2 0 4 . 9 .1 2 3 8 . 0 . 3 231  . 9 . 2 3 3 4  . 0 3 . 7 3 9 4 . 1 . 3 5 21  . 2 3 . 0
1 3 5 . 0 . 2 1 7 2 . 0 . 2 2 0 6 , 0 .1 2 3 9 . 1 . 2 2 9 0 . 1 . 4 3 3 5 . 1 1 . 2 4 0 6 . 0 1 . 4 5 2 2 . 2 1 . 2
1 3 8 . 0 .1 1 7 3 . 0 . 5 2 0 7 . 1 . 6 2 4 0  . 0 . 2 2 91  . 2 . 3 3 3 6 . 0 . 7 4 0 7 . 1 3 . 4 5 2 3 . 3 . 6
1 3 9 . 0 .1 174 . 0 . 2 2 0 8 . 8 . 3 2 4 2 . 0 . 2 2 9 2 . 0 1 8 . 3 3 3 7  . 0 . 3 4 0 8 . 0 6 . 7 5 2 4  . 2 . 1
LAST 32
4 0 8 . 0 6 . 7 4 0 9 . 1 5 . 3 4 1 0 . 0 1 . 6 4 1 1 . 1 . 7 4 1 2 . 1 .1 4 2 2 . 1 . 2 4 2 3 . 2 . 2 4 24  . 0 .1
4 2 9 . 0 .1 4 3 4  . 2 . 2 4 4 8 . 0 . 7 4 4 9 . 2 . 5 4 5 0 . 1 . 5 451 .1 . 2 4 5 2 . 0 .1 4 6 2 . 1 . 3
4 6 4 . 1 1 0 0 . 0 4 6 5 . 1 5 7 . 6 4 6 6 . 1 2 4 . 7 4 6 7 . 2 7 . 3 4 6 8 . 1 1 . 9 4 6 9 . 1 . 3 4 9 0 . 2 .1 5 0 6  . 3 2 . 7
5 0 7 . 3 1 . 8 5 0 8 . 2 . 6 5 0 9 . 2 .1 5 2 0 . 2 . 7 521  . 2 3 . 0 5 2 2 . 2 1 . 2 5 2 3 . 3 . 6 5 2 4  . 2 . 1

ro
en•4̂

F igure 50. Mass spec t rum o f  the  t r i p l y  s i l y l a t e d  d e r i v a t i v e  o f  an a u t h e n t i c  sample o f  xan tho­
p t e r i n .  R^=41.6 minutes in  the  chromatogram o f  F igure  38.



255

C
0 )

3
u

5 ^ A

1.0 0.5 0 -0 .5  -1.0
P o t e n t i a l / V o l t  v s .  S C E

Figure 51. Cyclic voltammograms of au then t ic  xanthopterin in pH 4.7 
phosphate b u f fe r ,  y=0.3 M. Sweep ra te :  200 mV s~l .
(A) I n i t i a l  sweep p o s i t iv e  and (B) i n i t i a l  sweep negative,
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a l l  ten voltammetric oxidation peaks are observed. The cyc l ic  voltam­

metry of  xanthopterin i s  very s im i la r  to the cyc l ic  voltammetry of  the

peak Ig e l e c t r o l y s i s  product mixture of  5-MTHP elec trooxid ized  in pH 
3-

4.7 PO  ̂ u=0.5 M (Figure 12A,B). This suggests  t h a t  xanthopterin 

probably accounts fo r  a la rge f r a c t io n  of  the e l e c t ro a c t iv e  products.

I d e n t i f i c a t i o n  of  7 ,3-dihydroxanthopter in . I d e n t i f i c a t io n  of 

7 , 8 -dihydroxanthopterin i s  tenuous a t  bes t  because there  i s  no spec tra l  

evidence,  u.v.  or  GC-MS, to support  the contention th a t  i t  is  one of  the 

e l e c t r o l y s i s  products of  5-MTHP. In the voltammetry of  xan thopter in ,  

when the negative po ten tia l  sweep passes through the reduction peak a t  

-0.63 V a new oxidat ion  peak appears a t  0.32 V on the ensuing p o s i t iv e  

sweep. Reduction a t  -0.63V in pH 4.7 bu f fe r  generates 7 , 8 -dihydroxan­

thop te r in  which i s  reoxidized to xanthopterin a t  0.32V/SCE. In the 

voltammetry of  the e l e c t r o l y s i s  product mixture an oxidation peak i s  

observed a t  0.32V/SCE on the i n i t i a l  p o s i t iv e  sweep. Since no 

reduction was necessary to observe th i s  peak, 7 , 8 -dihydroxanthopterin 

might be presen t  in the product mixture,  p a r t i c u l a r l y  in product 

so lu t ions  from e l e c t r o l y s i s  in pH 4.7 phosphate.

Id e n t i f i c a t i o n  of  LC peak 10. The compound i s o la ted  from LC 

peak 1 0  in the separat ion  of products from peak I^ e l e c t r o l y s i s  ca r r i ed  

out  in 0.5 M NaCl pH 4.7 was s i l y l a t e d  with MTBSTFA a t  room temperature 

fo r  ca. 20 minutes.  The to t a l  ion cu r ren t  chromatogram fo r  the GC-MS 

ana lys i s  of  LC peak 10 i s  shown in Figure 52. Three peaks are observed 

which would correspond to 1, 2, or  3 pos i t ions  s i l y l a t e d  in a molecule of 

mass 195. They have r e ten t ion  times of  35.8 minutes,  38.7 minutes, and
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Figure  52.  Tota l  ion  c u r r e n t  chromatogram o f  p ro d u c t  i s o l a t e d  from LC peak 10 and s i l y l ­
a t e d  with  MTBSTFA in  p y r i d i n e  a t  room te m p era tu re  f o r  ca_. 20 minu tes .
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42.4 minutes respect ive ly .  The mass spectrum of the doubly s i ly l a t e d  

der iva t ive  a t  R^=38.7 minutes i s  shown in Figure 53 and exhib it s  a 

molecular ion of mass 423. Leucopterin (MW=195) has been shown to y ie ld  

only the t r i p l y  s i l y l a t e d  der iva t ive  (M+=537) (vide supra) even when 

s i l y l a t e d  with MTBSTFA a t  room temperature.

The reported u.v .  spectrum of leucopterin  a t  pH 13 has ^^gx=240 

nm, 285 nm, and 340 nm.^^ An u.v.  spectrum of au then tic  leucopterin  in 

pH 4.7 phosphate was run and peak maxima were observed a t  A|^^^=203 nm,

221 nm, 298 nm, and (335) nm. Another spectrum of leucopterin was 

obtained in pH 11.5 N̂ OH and had ^^^^(-240 nm, 287 nm, and 342 nm which 

is  close to the reported values.

The u.v.  spectrum of LC peak 10 in pH 4.5 PÔ  ” i s  presented in

Figure 54. I t  has A„,„=223 nm, (272) nm, 280 nm, and 302 nm and onlyrnax

tv/o of these are close to t h a t  of  leucopterin  in pH 4.7 phosphate. From 

the mass spectrometry and u.v.  data i t  appears t h a t  LC peak 10 i s  not 

leucopterin.

Cyclic voltammetry of  product i so la ted  from LC peak 10. The 

cyc l ic  voltammetry of  LC peak 10 was studied a t  200 mV s~^ in pH 4.6 

phosphate buf fer  with an ion ic  s trength  of  0.5 H. Rather surpr is ing  

r e s u l t s  were observed as i l l u s t r a t e d  in Figure 55A,B. The voltammetry 

looks amazingly s im i la r  to the cycl ic  voltammetry of xanthopterin in 

Figure 51. Several important d if fe rences  are noted however, most 

notably the oxidation peak a t  0.34V/SCE is  observed on the i n i t i a l  

pos i t ive  sweep. For xanthopterin i t  was necessary to  sweep negative 

before the oxidation peak a t  0.32V was observed (vide supra) . This 

oxidation peak was a t t r i b u t e d  to the oxidation of 7 , 8 -dihydroxanthopterin



MASS MASS MASS % MOSS % MASS •-S MASS % MASS %
9 1 . 1 . 2 1 2 3 . 1 . 5 1 5 7 . 0 1 . 1 1 9 2 . 1 . 6 2 2 7 . 1 .1 2 7 9 . 0 . 5 3 5 8 . 3 . 5
9 2 . 1 .1 1 2 4 . 2 1 . 0 1 5 3 . 0 1 . 4 1 9 3 . 0 . 9 2 3 2 . 0 .1 2 8 0 . 1 1 . 0 3 5 9 . 2 . 2
9 3 . 0 . 4 1 2 5 . 1 . 6 1 5 9 . 2 . 7 1 9 4 . 1 1 . 1 2 3 3 . 0 .1 2 8 1 . 1 . 6 361 . 2 .1
9 4 . 1 . 3 1 2 6 . 1 . 5 1 6 0 . 1 . 7 1 9 5 . 2 1 . 2 2 3 4 . 1 1 . 0 2 8 2 . 0 . 2 3 6 4 . 1 . 3
9 5 . 1 . 3 1 2 7 . 2 . 4 161 . 0 . 4 1 9 6 . 1 1 .1 2 3 5 . 1 3 . 2 2 9 2 . 1 2 . 6 3 6 6 . 2 1 0 0 . 0
9 6 . 2 . 3 1 2 8 . 1 . 4 1 6 2 . 1 1 . 2 1 9 7 . 0 . 7 2 3 6 - 1 2 . 8 2 9 3 . 1 1 . 0 3 6 7 . 2 3 0 . 4
9 7 . 1 . 5 1 2 3 . 9 . 6 1 6 3 . 1 . 2 1 9 8 . 1 . 4 2 3 7 . 1 3 . 0 2 9 4 . 1 2 . 5 3 6 8 . 2 11 . 5
9 8 . 2 . 6 1 3 0 . 0 . 3 1 6 4 . 0 . 2 1 9 9 . 1 . 2 2 3 8 . 1 1 . 6 2 9 5 . 0 . 8 3 6 9 . 2 2 . 1
9 9 . 1 4 . 9 131 . 0 1 . 8 1 6 5 . 0 . 5 2 0 0 . 0 . 1 2 3 9 . 1 1 . 2 2 9 6 . 1 2 . 2 3 7 0 . 2 . 4

1 0 0 . 1 3 . 0 1 3 2 . 0 . 9 1 6 6 . 0 1 . 5 2 0 2  . 0 . 1 2 4 0 . 1 . 2 2 9 7 . 2 . 5 3 9 2 . 2 . 3
101 .1 1 . 2 1 3 3 . 0 2 . 7 1 6 6 . 9 . 9 2 0 3  .1 .1 2 41  .1 .1 2 9 3 . 1 . 3 3 9 3 . 3 .1
1 0 2 . 1 . 5 1 3 4 . 0 . 7 1 6 8 . 1 . 7 2 0 4  . 0 . 7 2 4 8 . 2 . 4 3 0 6 . 1 . 2 3 9 4 . 2 . 6
1 0 3 . 2 . 4 1 3 5 . 0 . 7 1 6 9 .  1 . 5 2 0 5 . 0 . 3 2 5 0 . 1 9 . 4 3 0 8 . 1 1 2 . 6 3 9 5 . 1 .1
1 0 4 . 1 . 2 1 3 6 . 0 . 4 1 7 0 . 1 . 2 2 0 6 . 2 . 6 2 5 1 . 1 6 . 4 3 0 9 . 1 5 . 0 4 0 6 . 2 . 2
1 0 5 . 1 . 2 1 3 6 . 9 . 3 171 . 2 . 6 2 0 7 . 0 1 . 4 2 5 2 . 2 1 0 . 9 3 1 0 . 2 2 . 9 4 0 7 . 1 .1
1 0 7 . 1 . 3 1 3 8 . 0 . 4 1 7 2 . 1 . 2 2 0 3 . 2 2 . 2 2 5 3  . 2 2 . 7 31 1 . 3 . 7 4 0 8 . 2 4 . 6
1 0 8 . 2 . 3 1 3 9 . 0 . 5 1 7 3 . 1 1 . 0 2 0 9 . 1 1 . 8 2 5 4 . 2 1 . 0 3 1 2 . 1 . 2 4 0 9 . 2 1 . 4
10 9 . 2 . 2 139 . 9 .4 174 . 0 . 4 2 1 0 . 0 1 .1 2 5 5 . 2 . 3 3 2 0 . 1 . 2 4 1 0 . 2 . 5
1 1 0 . 2 . 4 141 . 0 . 4 1 7 5 . 2 . 4 2 1 1 . 1 1 . 2 261 . 0 .1 321 .1 .1 411 . 2 .1
111 . 2 . 7 1 4 2 . 1 . 4 1 7 6 . 0 . 4  ■ 2 1 2 . 1 . 3 2 6 2 . 0 . 4 3 2 2 . 2 . . 1 4 2 2 . 3 1 . 8
1 1 2 . 2 . 5 143 . 0 . 7 1 7 7 .  1 . 3 2 1 3 . 1 . 2 2 6 3 . 1 . 3 3 2 4 .  I . 3 4 2 3 . 3 2 7 . 3
1 1 3 . 1 . 8 1 4 4 . 1 . 5 1 7 8 . 1 . 6 2 1 4 . 1 .1 2 6 4 . 0 . 5 3 2 5 . 2 . 1 4 2 4 . 2 9 . 8
114 . 0 . 4 1 4 5 . 1 . 3 1 7 9 . 0 . 6 2 1 3 . 1 . 4 2 6 5 . 1 . 4 3 3 4 . 1 1 . 1 4 2 5 . 3 3 . 8
1 1 5 . 1 1 . 5 1 4 7 . 1 1 . 0 1 3 0 .  1 1 . 0 2 1 9 . 1 . 2 2 6 6 . 1 . 7 3 3 5 . 1 . 3 4 2 6 . 3 . 6
1 1 6 . 1 . 4 1 4 8 . 1 . 9 131 . 1 1 .1 2 2 0 . 1 1 . 7 2 6 7 . 1 1 . 6 3 3 6 . 1 . 5 4 2 7 . 3 .1
1 1 7 . 1 1 . 0 1 4 9 . 0 1 . 8 1 8 2 . 1 1 . 4 2 2 1 . 1 1 . 0 2 6 8 . 1 1 . 5 3 3 7 . 1 . 2 4 8 0 . 3 . 5
1 1 8 . 1 . 3 1 5 0 . 1 . 6 1 3 3 . 1 1 . 4 2 2 2 . 1 7 . 3 2 6 9 . 1 . 6 3 5 0 . 2 9 . 2 431 . 3 . 2
1 1 9 . 1 . 6 151 . 0 . 4 1 3 4 .  1 . 4 2 2 3 . 1 2 . 4 2 7 0 . 1 . 2 3 51  . 2 2 . 6 5 3 7 . 5 .1
1 2 0 . 1 . 3 1 5 2 . 1 . 8 1 3 5 . 2 . 4 2 2 4 . 1 4 . 0 2 7 6 . 1 . 3 3 5 2 . 1 1 . 4
121 .1 . 2 1 5 2 . 9 . 6 1 9 0 . 2 . 3 2 2 5 . 1 1 . 0 2 7 7 . 0 . 3 3 5 3 . 1 . 3
1 2 2 . 3 . 3 154 . 6 11 . 5 191 .1 . 4 2 2 6 . 0 . 3 2 7 8 . 0 1 .1 3 5 7 . 3 1 . 7

MASS

r otnVO

Figure  53. Mass spec trum o f  th e  doubly s i l y l a t e d  d e r i v a t i v e  o f  p ro d u c t  i s o l a t e d  from LC 
peak 10. R.=38.7  minutes  i n  the  chromatogram o f  F igu re  52. S i l y l a t i o n  was
c a r r i e d  ou t  w i th  MTBSTFA.
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Figure 54. U.v. spectrum of LC peak 10 in pH 4.7 phosphate buf fer .
Spectrum obtained in 0.5 cm c e l l s  a t  a scan ra te  of  200 
nm min- 1 .
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Figure 55. Cyclic voltammograms o f LC peak 10 product in  pH 4.6 phos­
phate b u ffe r o f ion ic  strength 0.5 M. Sweep rate: 200 mV s"^.
(A) I n i t ia l  sweep positive  and (B) in i t ia l  sweep negative.
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generated on the negative sweep. In the case of LC peak 10 t h i s  peak 

i s  observed on the i n i t i a l  pos i t ive  sweep ind ica t ing  i t  i s  probably a 

su b s t i tu ted  7 , 8 -dihydroxanthopterin.

Another di f ference  noted i s  the reversal  in the size of  the 

oxidation peaks a t  ca. 0.60V and 0.75V. In xanthopterin the peak 

a t  0.75V i s  by f a r  the l a rg e s t  of the two peaks, but  in LC peak 10 

the oxidation peak a t  0.60V/SCE i s  the l a rg e s t .  Also the oxidation 

peak a t  0.98V is  much more c l e a r ly  defined in the LC peak 10 product.

The oxidation peak a t  0.42V in the voltammetry of LC peak 10 also 

exh ib it s  r eve rs ib le  c h a r a c t e r i s t i c s  (Figure 56) unlike the analogous 

■peak i n  the voltammetry of  xanthopterin .  Xanthopterin, however, exh ib i t s  

a quas i - reve rs ib le  oxidation peak (-0.75V) for  the reduction peak a t  C£. 

-0.80V. The analogous oxida tion peak in the voltammetry of  LC peak 10 

i s  much smaller  and i s  s h i f te d  ça .  250 mV to -0.50V/SCE. In other  ways 

the cyc l ic  voltammetry i s  very s im i la r  leading us to bel ieve  t h a t  the 

LC peak 10 product was a s u b s t i tu t e d ,  7 , 8 -dihydroxanthopterin.  A cyc l ic  

voltammogram of leucopter in  a t  pH 4.6 is  presented in Figure 57 to 

i l l u s t r a t e  t h a t  i t  i s  completely d i f f e r e n t  from the voltammetry of LC 

peak 1 0 .

Another molecule which has a molecular weight of  195 g/mole and 

could reasonably be expected as a product of e l e c t r o l y s i s  of  5-MTHP is  

5-methyl- 7 , 8 -dihydroxanthopterin (5-M-7,8-DXP)(X).

CH.
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P o t e n t i a l / V o l t  vs .  SCE

Figure 56. Cyclic voltammogram o f  LC peak .10 product  in pH 4.6 phos­
phate bu f fe r ,  y=0.5 in  which the sweep was reversed im­
mediately a f t e r  pass ing  through the oxidation peak a t  0.42V. 
Sweep r a t e :  200 mV s“ l .
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Figure 57. Cyclic voltammogram o f a saturated solution o f leucopterin
in  pH 4.6 phosphate bu ffe r o f io n ic  strength 0.5 M. Sweep
rate: 200 mV s " l.
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A methyl group replac ing  a hydrogen atom would not be expected to a l t e r  

the electrochemical  p roper t i es  of a molecule d r a s t i c a l l y  unless t h a t  

pos i t ion  i s  d i r e c t l y  involved in the redox reac t ion .  Except fo r  the 

d i f fe rences  in the cyc l ic  voltammetry noted above, the only o ther  

d i f fe rence  observed was a 20-40 mV pos i t ive  s h i f t  in the oxidation peak 

p o te n t i a l s  of  5-M-7,8-DXP r e l a t i v e  to xanthopterin.

U.v. spectroscopy. U.v. peak maxima fo r  a number of  7,8-  

dihydroxanthopterins are repor ted in  the l i t e r a t u r e . ^ ^  At pH 7 i t  was 

found t h a t  5-M-7,8-DXP exh ib i t s  u.v.  peaks a t  X„^^=223 nm, 270 nm, andiTlaX

302 nm. Likewise a t  pH 7, 7 , 8 -di  hydroxanthopteri n has a very s im i la r  

spectrum with u.v.  peaks a t  ^^gy-223 nm, 273 nm, and 308 nm. A spectrum 

fo r  LC peak 10 i s  shown in Figure 54 (vide supra) a t  pH 4.6. The pK^'s 

o f  5-M-7,8-DXP are given as 1.45 and 9.92 the re fo re  the ionic species 

a t  pH 4.6 should be the same as a t  pH 7. A d i s t i n c t i o n  based on the 

u.v.  spectrum would be impossible,  however taken together  with the 

GC-MS data and the cyc l ic  voltammetry i t  i s  possib le  to s t a t e  with con­

s ide rab le  c e r t a in t y  t h a t  LC peak 10 i s  5-methyl- 7 , 8 -di hydroxanthopteri n . 

This i s  supported by the s o l u b i l i t y  data which ind ica te s  leucopte r in  i s  

p r a c t i c a l l y  insoluble  while the compound i so la ted  from LC peak 10 i s  

e a s i l y  so luble .

I d e n t i f i c a t i o n  of  e l e c t r o l y s i s  products presen t  in LC peaks 3 -6 . 

LC peaks 3-6 r e a l l y  appear as one la rge  peak because of  severe over­

lapping of  the various components (Figure 41). By running u.v.  spect ra  

of  every second 3 ml f r a c t io n  across these peaks i t  was possib le  to 

c o l l e c t  several  f r ac t io n s  which were r e l a t i v e l y  f ree  of c ross -
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contamination.  The component designated as LC peak 3 was collec ted  

from f r ac t io n s  e lu t ing  between 240 ml and 255 ml. LC peak 4 was 

co l lec ted  from f rac t ions  elu t ing between 264 ml and 273 ml. Peak 5 

with a re ten t ion  volume of 288 ml was the NaCl used as the supporting 

e l e c t r o l y t e .  Some ch loride was found in the eluant  as early as 210 ml

and as l a t e  as 330 ml, but the bulk of  i t  e lu ted between 264 ml and

324 ml. LC peak 6  was co l lec ted  from f rac t ions  e lu t ing  between 291 ml

and 300 ml. Peaks 3-6 a l l  gave a pos i t ive  Cl" t e s t  with d i l u te  s i l v e r

n i t r a t e  so lu t ion .  However Cl" does not in t e r f e r e  with the s i l y l a t i o n  

process the re fore  i t  was not a big problem.

Id e n t i f i c a t io n  of  product i so la ted  from LC peak 6 . I t  is 

repor ted  in the l i t e r a t u r e  th a t  guanidine (XI) (f1W=59 g/mole) was observed 

among the degradation products of  p t e r i n s . R e f e r r i n g  to Tables 5 and 

6  i t  can be seen th a t  a peak a t  R^=ca. 30 minutes had a molecular ion a t  

mass 401 which could be a molecule of mass 59 with 3 hydrogens replaced 

by TBDMS groups.

H jN ''  ^ N H j

XI
« (0

The u.v. spectrum of LC peak 6  is  shown in Figure 58 and exhib it s  one 

peak a t  nm. A u.v.  spectrum of an au thentic  sample of guanidine

su lphate in water  i s  shown in Figure 59. Authentic guanidine also 

exh ib i t s  a peak a t  X  ̂ =197-198 nm. Chloride ions in so lut ion  are known
niaX
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Figure 58. U.v. spectrum of LC peak 6  in HgO. Spectrum was obtained 
in 0.5 cm c e l l s  a t  a scan ra te  of  200 nm min-^.
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Figure 59. U.v. spectrum o f  guanidine s u l f a t e  in d i s t i l l e d  water .

Spectrum was obtained in 0.5 cm ce l l s  a t  a scan r a t e  of 

2 0 0  nm min'^.
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to absorb near t h i s  wavelength region,  however X ,  fo r  ch loride is
maX

ca. 193 nm.

GC-MS data on compound i so la ted  from LC peak 6 . The to ta l  

ion cu r ren t  chromatogram fo r  LC peak 6  s i l y l a t e d  with MTBSTFA in 

pyrid ine a t  85°C fo r  10 minutes i s  presented in Figure 60. The peak 

a t  R^=28.4 minutes has a molecular ion of  mass 401 and i t s  complete 

spectrum is  presented in Figure 61. The fragmentat ion pa t te rn  of  the 

mass spectrum in Figure 61 i s  iden t ica l  with the mass spectrum of 

au then t ic  guanidine s i l y l a t e d  with MTBSTFA (R^=28.3 minutes) shown in 

Figure 62. Both spec t ra  ex h ib i t  a base peak a t  mass 344 (M-57), an 

M-15 peak a t  mass 386, and the molecular ion a t  mass 401.

The product from LC peak 6  does not show any oxidation or  

reduct ion peaks a t  the PGE and au thentic  guanidine l ikewise did not show 

any oxidation or  reduction peaks in the cyc l ic  voltammetry. An i . r .  

spectrum of  the product i so la ted  from LC peak 6  was not obtained because 

the sample was contaminated with too much NaCl. All o f  the data 

presented confirm th a t  LC peak 6  is  r e a l ly  guanidine.

I d e n t i f i c a t i o n  of  LC peak 4 . LC peak 4 appears to be a major

product  however i t  must be noted th a t  i t  e lu ted  together  with chloride

and also  with the t r a i l i n g  p a r t  of  LC peak 3. Cyclic voltammetry a t

200 mV s"^ revealed one very small reduction peak a t  -0.88V and no

oxida tion peaks. The u.v.  spectrum of LC peak 4 has only one small peak

a t  =340 nm and an in f l e c t i o n  a t  ca. 230-240 nm. In an ac id ic  solut ion msx

the long wavelength peak s h i f t s  to c a . 420 nm. Below 230 nm the absorbance 

goes o f f - s c a l e  because of  the enormous absorbance of  ch loride which is
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Figure 60.  To ta l  ion  c u r r e n t  chromatogram o f  p ro d u c t  i s o l a t e d  from LC peak 6  and s i l y l a t e d  
with  MTBSTFA in  p y r i d i n e  a t  85oC f o r  10 minu tes .



MASS % . MASS MASS MASS % MASS % MASS %
9 1 . 0 . 2 127 . 0 . 4 1 7 3 . 1 3 . 5 2 1 1 . 1 . 2 261  . 2 .1 3 4 2 . 4 .1
9 3 . 1 .1 1 2 8 . 0 . 4 1 7 4 . 1 1 . 4 2 1 3 . 1 2 5 . 8 2 6 3 . 0 .1 3 4 4  . 3 1 0 0 . 0
94 . 8 .1 1 3 0 . 1 51 . 7 1 7 5 . 0 . 4 2 1 4  .1 1 1 . 8 2 6 4  . 8 .1 3 4 5 . 3 34 . 6
9 5 . 3 .1 131 . 0 1 0 . 7 1 7 6 . 1 .1 2 1 5 . 1 3 . 3 2 6 7 . 0 .1 3 4 6 . 3 1 4 . 7
9 5 . 6 .1 1 3 2 . 0 9 . 4 1 7 7 . 0 .1 2 1 6 . 1 6 . 5 2 6 9 . 2 - 2 3 4 7 . 3 3 . 6
9 7 . 1 . 2 1 3 3 . 0 1 . 5 1 8 0 . 9 .1 2 1 7 . 2 1 . 7 2 7 0 . 0 . 4 3 4 3 . 3 . 9
9 9 . 1 5 . 9 134 . 0 1 . 4 1 3 2 . 3 .1 2 1 3 . 1 . 9 271 . 2 2 . 4 3 4 9 . 4 . 1

1 0 0 . 1 7 . 1 1 3 5 . 1 . 2 1 3 3 . 1 . 3 2 1 9 . 1 . 2 2 7 2 . 2 2 . 5 3 5 5 . 0 . 2
101 .1 1 . 4 136 . 0 . 1 1 8 4 . 1 . 5 22 1 .1 . 5 2 7 3 . 2 . 7 3 5 6  . 0 . 1
1 0 2 . 1 1 . 6 1 3 8 . 9 . 7 1 8 5 . 1 . 2 2 2 1  . 9 . 1 2 7 4 . 0 . 5 3 7 0 . 3 . 2
1 8 3 . 1 . 3 140 . 0 . 3 1 8 6 . 1 1 .1 2 2 2 . 9 .1 2 7 5 . 1 .1 3 71  . 2 .1
1 0 4 . 1 . 3 141 . 0 1 . 4 1 9 7 . 1 1 . 9 2 2 5 . 7 . 1 2 7 7  . 3 .1 3 8 4 . 3 .1
104 . 9 142 . 0 1 . 3 1 3 8 . 2 9 . 4 2 2 8 . 2 . 4 281 .1 . 4 3 8 6 . 3 4 . 8
1 0 5 . 1 1 4 3 . 1 . 7 1 3 9 . 1 5 . 1 2 3 0 . 1 1 9 . 9 2 8 2 . 2 .1 3 8 7 . 3 1 . 3
1 0 6 . 9 144 .1 . 6 1 9 0 . 2 1 . 3 23 1 . 2 5 . 7 2 8 6 . 1 2 . 7 3 8 8 . 3 . 3
1 0 7 . 6 1 4 6 . 1 5 8 . 8 191 . 2 . 5 2 3 2  . 2 4 . 2 2 3 7 . 2 1 . 3 3 8 9  . 3 . 2
1 0 8 . 9 1 4 7 . 1 1 0 . 3 1 9 2 . 1 .1 2 3 3 . 1 . 3 2 8 8 . 2 1 3 . 3 4 0 0 . 2 . 5
1 1 0 . 2 . 2 1 4 8 . 1 4 . 4 1 9 2 . 8 .1 2 3 4  . 2 .4 2 3 9 . 2 4 . 5 401  . 2 3 . 9
1 1 1 . 1 . 4 1 4 9 . 1 1 .4 1 9 5 . 8 . 1  . 2 3 5 . 2 . 1 2 9 0 . 2 1 . 6 4 0 2 . 3 1 . 6
1 1 3 . 0 2 . 3 1 5 0 . 0 .1 1 9 7 . 1 1 . 8 2 3 9 . 2 .1 291 . 2 . 5 4 0 3 . 3 . 6
1 1 4 . 1 2 . 5 154 .1 . 2 1 9 8 . 1 . 8 24 1 . 2 . 1 2 9 2 . 1 .1 4 0 4  . 2 .1
1 1 5 . 2 1 . 9 1 5 5 . 0 .4 1 9 9 . 0 . 4 2 4 2 . 1 .1 2 9 7 . 0 .1 4 2 9 . 1 .1
1 1 6 . 2 1 1 . 3 1 5 6 . 1 3 . 1 2 0 0 . 0 1 . 0 2 4 4 . 2 1 . 3 3 1 2 - 2 .1
1 1 7 . 2 2 . 0 157 . 0 2 . 7 2 0 0 . 9 . 3 2 4 5 . 2 . 4 3 1 2 . 9 .1
1 1 8 . 1 1 . 2 153 . 0 1 . 5 2 0 3 . 1 1 0 . 2 2 4 6 . 2 . 3 3 1 4 . 1 . 2
1 1 9 . 0 .1 159 .1 . 6 2 0 4 . 1 2 . 4 2 5 5 . 3 7 . 3 3 1 7 . 2 .1
1 1 9 . 8 .1 160  . 0 . 2 2 0 5 . 1 1 . 6 2 5 6 . 1 2 . 0 3 1 8 . 3 .1
1 2 0 . 6 .1 161 . 0 .1 2 0 6 . 1 . 3 2 5 7 . 1 1 . 0 3 2 8 . 2 8 . 3
1 2 2 . 7 .1 1 7 0 . 0 . 5 2 0 7 . 0 . 5 2 5 9  . 2 . 5 3 2 9 . 2 2 . 5
1 2 5 . 1 . 2 171 .1 1 0 . 3 2 0 8 . 0 .1 2 5 9 . 1 . 2 3 3 0 . 2 1 . 4
1 2 6 . 2 . 3 172 .1 1 0 . 5 2 0 9 . 0 .1 2 6 0 . 1 .1 331 . 2 . 3

MASS MASS
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Figure  61.  Mass spec t rum  o f  peak a t  2 8 .4  minutes from th e  chromatogram o f  LC peak 6  

(F igure  60) s i l y l a t e d  w i th  MTBSTFA in  p y r i d i n e .



MASS •< MASS % MASS •-Î MASS % MASS %
9 1 . 1 .1 1 2 4 . 1 . 2 1 6 5 . 4 .1 2 1 3 . 1 3 7 . 7 2 7 4 . 2 . 3
91 . 8 . 2 1 2 5 . 0 .4 1 6 7 . 5 . 2 2 1 4  . 0 12 . 6 2 8 0 . 9 . 2
9 3 . 0 . 2 1 2 6 . 2 . 6 1 6 8 . 5 .1 2 1 5 . 1 4 . 4 2 8 6 . 2 2 . 2
9 3 . 3 . 2 1 2 7 . 1 . 5 171 .1 1 8 . 1 2 1 6 . 1 4 . 9 2 8 7 . 2 . 7
9 4 . 1 . 2 1 2 8 . 1 . 6 1 7 2 . 1 9 . 7 2 1 7 . 0 1 . 9 2 8 8 . 2 1 0 . 3
9 5 . 0 . 2 130 . 0 71 . 5 1 7 3 . 1 4 . 2 2 1 8 . 1 . 7 2 8 9 . 2 3 . 4
9 6 . 8 . 2 131 .1 1 4 . 9 1 7 4 . 1 2 . 0 2 1 9 . 1 . 2 2 9 0 . 1 1 . 6
9 8 . 0 . 3 1 3 2 . 0 16 .4 1 7 5 . 0 . 7 2 2 3 . 1 . 2 2 9 1 . 3 . 4
9 9 . 1 1 0 . 5 1 3 3 . 0 2 . 3 1 7 6 . 0 . 3 2 2 8 . 0 . 3 3 0 8 . 2 .1

1 0 0 . 0 1 3 . 3 1 3 3 . 9 1 . 0 1 8 2 . 0 . 2 2 2 9 . 0 . 2 3 1 4 . 2 . 2
101 .1 2 . 7 1 3 5 . 1 .2 1 8 3 . 1 . 6 2 3 0 . 0 1 5 . 0 3 2 8 . 1 6 . 9
1 0 2 . 0 2 . 3 1 3 9 . 0 . 8 1 8 3 . 9 . 2 231  .1 4 . 1 3 2 9 . 1 2 . 4
1 0 2 . 9 . 3 1 3 9 . 9 . 5 1 8 5 . 1 . 3 2 3 2 . 1 2 . 9 3 3 0 . 1 1 . 5
104 . 0 . 6 1 4 0 . 8 2 . 5 1 8 6 . 1 1 . 1 2 3 3 . 2 . 3 3 31  .1 . 2
1 0 5 . 1 . 2 141 . 9 1 . 5 1 8 7 . 1 1 . 7 2 3 4  . 2 .2 3 3 2 . 1 . 2
1 0 7 . 3 . 4 1 4 2 . 9 1 . 2 1 8 8 . 1 1 2 . 8 2 3 5 . 2 .2 341 . 9 . 2
1 0 8 . 7 .1 1 4 3 . 9 . 7 1 8 9 . 0 5 . 9 2 3 9 . 1 . 2 3 4 4 . 2 1 0 0 . 0
1 0 9 . 7 .1 1 4 6 . 0 9 7 . 9 1 9 0 . 1 1 . 4 2 4 0 . 1 . 2 3 4 5 . 2 3 9 . 8
1 1 1 . 1 . 6 1 4 7 . 0 1 5 . 9 1 9 1 . 1 . 4 . 2 4 4 . 2 . 9 3 4 6 . 2 1 6 . 0
1 1 3 . 1 3 . 1 1 4 8 . 1 5 . 5 1 9 7 .  1 1 . 6 2 4 5  .1 . 5 3 4 7 . 2 3 . 7
1 1 4 . 0 3 . 9 149 . 0 5 . 6 1 9 3 . 1 . 8 2 4 6  . 0 . 3 3 4 8 . 2 1 .1
1 1 5 . 1 2 . 8 1 4 9 . 9 . 5 1 9 9 . 1 . 4 2 4 9  . 2 . 2 3 7 0 . 1 . 3
1 1 6 . 1 1 9 . 5 1 5 0 . 9 . 2 1 9 9 . 9 . 4 2 5 5 . 3 7 . 0 3 8 6 . 2 6 . 4
1 1 7 . 1 3 . 5 1 5 5 . 0 . 7 201 . 0 . 2 2 5 6 . 2 1 . 7 3 3 7 . 2 2 . 6
1 1 8 . 1 1 . 3 1 5 6 . 0 3 . 8 2 0 2 . 1 . 8 2 5 7 . 1 . 9 3 8 8 . 2 1 . 4
1 1 9 . 2 . 3 1 5 7 . 0 4 . 0 2 0 3 . 1 8 . 2 2 5 3 . 1 . 4 3 8 9 . 0 . 2
1 2 0 . 1 . 2 1 5 8 . 0 2 . 4 2 0 4 . 1 1 . 8 2 6 9 . 9 . 3 4 0 0 . 1 . 6
1 2 0 . 8 . 2 1 5 8 . 9 . 8 2 0 5 . 0 1 . 0 2 7 1  . 2 1 . 5 401  . 2 5 . 7
121 . 5 .1 1 6 0 . 0 . 3 2 0 5 . 9 . 2 • 2 7 2 . 1 1 . 5 4 0 2 . 3 2 . 2
1 2 2 . 7 . 3 1 6 0 . 7 . 2 2 0 6 . 2 . 2 2 7 2 . 9 . 6 4 0 3 . 2 . 8
1 2 3 . 4 .1 1 6 3 . 0 .1 2 0 7 . 0 . 5 2 7 3 . 9 . 3 4 0 4 . 2 .1

MASS MASS MASS
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Figure  62.  Mass spec trum o f  the  t r i p l y  s i l y l a t e d  d e r i v a t i v e  o f  guan id ine  (MTBSTFA in  p y r i ­
dine a t  room tem p era tu re  f o r  15 m in u te s ) . R^= 28 .3  m inu tes .
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present  as a contaminant. The lyophi l ized  product was orangeish-yellow 

and only a small amount of  material  was co l lec ted .  I t  has been observed 

t h a t  the quant i ty  of  material  co l lec ted  from LC peak 4 increases 

according to the length of  time elapsed between the e l e c t r o l y s i s  and the 

chromatography. This i s  an ind ica t ion  t h a t  i t  may also be a degradation 

product (along with peaks 1 , 2 , and 6 , vide supra ) of  other  products in 

the so lu t ion .

GC-MS of LC peak 4 . The product  i so la t e d  from peak 4 was 

contaminated with ch lo r ide ,  the re fo re  a good melting po in t  was hard to 

obta in .  I t  does not appear to melt ,  however i t  begins to char a t  ça.  

250°C. The d i r e c t  i n s e r t io n  mass spectrum revealed only peaks which 

could be a t t r i b u t e d  to p l a s t i c i z e r .

For tunately  s i l y l a t i o n  of  LC peak 4 was successful with both 

BSA and MTBSTFA in pyr id ine.  The to t a l  ion cu r ren t  chromatogram of the 

MTBSTFA s i l y l a t e d  product i s  shown in Figure 63. There are th ree  peaks 

in t h i s  chromatogram which are of  i n t e r e s t  with re ten t ion  times of 29.6 

minutes, 32.1 minutes, and 32.8 minutes.  The peak a t  R^=29.6 minutes is  

t r i p l y  s i l y l a t e d  guanidine (M'*'=401) and i s  probably due to c ross ­

contamination with LC peak 6 . The GC peaks a t  R^=32.1 minutes and 32.8 

minutes have molecular  ions of  mass 266 and 458 respec t ive ly .  Mass 458 

i s  not observed in the mass spectrum of the peak a t  32.8 minutes, however 

the p a t te rn  M-57 (401) and M-15 (443) i s  very c lea r .

LC peak 4 was al so  s i l y l a t e d  with BSA in pyridine a t  room tem­

pera tu re  fo r  câ . 1 % hours. Figure 64 i l l u s t r a t e s  the to ta l  ion cur ren t  

chromatogram fo r  the de r iva t ized  product.  This chromatogram is  very 

c l ea r  compared to many other  at tempts a t  s i l y l a t i o n  with BSA. Peaks of
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Figure 63. Tota l ion cu rre n t chromatogram o f product is o la te d  from LC peak 4 and s i l y l ­
ated w ith  MTBSTFA in  p y rid in e  a t room temperature fo r  ça. 30 minutes.
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Figure 64.  To ta l  ion  c u r r e n t  chromatogram o f  p ro d u c t  i s o l a t e d  from LC peak 4 and s i l y l a t e d  
with  BSA in  p y r id i n e  a t  room te m p e ra tu re  foi* ç a ,  1% hou rs .
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i n t e r e s t  are those a t  r e ten t ion  times of 21.2 minutes (M+=332) and

29.2 minutes (M+=224) because they are the counterpar ts  to the peaks

of the TBDMS der iva t ives  in Figure 63. Using Equation 14 the number 

of s i l y l a t a b l e  pos i t ions  in the under ivat ized  molecule can be 

ca lcu la ted :

458 - 332 = 126 = 4 2 (n)

n = 3 s i l y l a t a b l e  pos i t ions  

266 - 224 = 42 = 42 (n)

n = 1  s i l y l a t a b l e  pos i t ion

The molecular weights of  the underivat ized molecules are 458-3(114) = 

332-3 (72)=116 g/mole and 266-1 (114)=224-i (72)=152 g/mole. The peak a t  

32.8 minutes (M'"'=458) in the chromatogram of Figure 63 i s  the la rg e s t  

peak except fo r  the guanidine peak. Likewise the peak a t  21.2 minutes 

in the chromatogram of the BSA s i l y l a t e d  product  is  by f a r  the l a rg e s t  

peak in Figure 64. Therefore i t  was decided to concentrate  on i d e n t i ­

fying the compound of molecular weight 116.

Use of isotope r a t i o  to give poss ib le  molecular formulas. In

the absence of  other  data a l i s t  of  possible formulas was generated by

42re fe r r in g  to  the mass spectroscopy tab les  of  Beynon and Williams.

The number of  p o s s i b i l i t i e s  was narrowed down by using the Nitrogen 

43ru le ,  L_e_., a molecule of  even mass must contain no atoms of  nitrogen 

or an even number of ni trogen atoms. I f  the molecular weight i s  an odd 

number the number of  ni trogen atoms must be odd. Another piece of data 

which helped narrow the p o s s i b i l i t i e s  was the f a c t  t h a t  the product from 

LC peak 4 was s i l y l a t e d  in th ree  pos i t ions .  Thus i t  must have a t  l e a s t
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th ree  ac t ive  hydrogen atoms, i . e . ,  hydrogens at tached to 0, N, S, e t c .

After  narrowing down the p o s s i b i l i t i e s  in th i s  manner the 

isotope r a t i o  was used to  ru le  out s t i l l  o ther  p o s s i b i l i t i e s .  Table 7 

contains a l i s t  of  possib le  empirical formulas which meet the c r i t e r i a

TABLE 7

Possible Empirical Formulas fo r  Molecular Weight 

= 116 g/mole Containing C, H, N, and 0^

Formula ^H+l/^M+2 ^

13.9

C2 H4 N4 O2 8.3

51.6

C3 H4 1 I2 O3 6 . 2

C3 H8 N4 O 16.4

C4 H4 O4 5.2

10.3

C4 H1 2 N4 38.7

7.7

CgHi^NgO 17.1

^Must meet the c r i t e r i a :  1. An even number of
N's or none, 2. At l e a s t  3 ac t ive  H's.

Ratio of  the abundance of the M+1 peak to the
abundance of the M+2 peak.

given above. Table 8  contains a l i s t  of  iso top ic  a b u n d a n c e s o f  the

elements which are presen t  in the s i l y l a t e d  d e r iva t ive s .  The ca lcu la t ion
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was made on the M-57 peak of  the MTBSTFA s i l y l a t e d  d e r iva t ive  because 

i t  has an abundance of  100%. From the GC peak a t  32,8 minutes in the 

chromatogram of Figure 63 the M-57 peak i s  found to be 401.

MW

401

402

403

Abundance

100%

35.0%

15.5%

M+1

^M+2
= 2.26

TABLE 8  

Iso topic  Abundances

Elements Abundance

Carbon 1 2 c 1 0 0 13c 1.08 14c *

Hydrogen I r 1 0 0 2 r 0.016

Oxygen 1 ^ 0 1 0 0 " 0 0.04 I8 0 0 . 2 0

Nitrogen IS) 1 0 0 l^N 0.38

Si 1i con 2 8 3 .
1 0 0 2 ^Si 5.10 30si 3.35

*The con t r ibu t ion  of to the M+2 peak can be ca lcu la ted  
by Equation 15.

_ (1.1 X number of C atoms)' 
-  2 0 0

(15)

Each TBDMS group adds the following percentage to the M+1 peak:

^6^1551

(6 C's)(1.08)+(15 H's)(0.016)+(1 S i)(5.10) = 11.82%
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After  the loss of a t e r t i a r y  butyl group the fragment remaining would 

con t r ibu te  the fol lowing to  the percentage of  the M+1 peak:

CaHgSi

(2 C's){1.08)+(6 H's )(0.016)+(1 S i ) (5.10) = 7.36%

The cont r ibut ion to the M+2 peak fo r  a TBDMS group i s ;

2

(1 Si) (3 .35)  + C / s x l . l )  ^ 3 . 5 7 %

M+2 is  :

When a t e r t i a r y  butyl group i s  miss ing,  the con t r ibu t ion  to

(1 Si ) (3. 35) + = 3.37%

These values were subtrac ted  from the observed values in the 

mass spectrum to a r r iv e  a t  what should be the co r rec t  abundances fo r  the 

compound of  mass 116.

M+1 35.0% - 2 (11.82%) - 1 (7.36%) = 4.0%

M+2 15.5% - 2 (3.57%) - 1 (3.37%) = 5.0%

^ = 0 . 8

^M+ 2

Since the r a t i o  of Pf.^+i/P|v] + 2  was so low th i s  el iminated a l l  

those p o s s i b i l i t i e s  in Table 7 except those with the lowest r a t i o s .  

Table 9 i s  the l i s t  o f  the p o s s i b i l i t i e s  which remained a f t e r  t h i s  

ana ly s i s .  These formulas were subjected to ca lcu la t io n  of  the isotope 

r a t i o  a f t e r  adding the formula fo r  2 TBDMS groups and 1 group without  

the  t e r t i a r y  butyl con t r ibu t ion .

2(C6HisSi) + 1 (CgHgSi) = C^^H^gSig
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TABLE 9

Possible Empirical Formulas with the Lowest

P n + l / W  Ratio

Formula ^M+l^^M+2

Formula a f t e r  adding 
^14^36^^3 3H's 

replaced

^2^4^4^2 8.3 ('1 6 ^3 7 ^̂4 0 2 ^''3

C3 H4 N2 O3 6.2
0 1 7 ^3 7 ^2 0 3 ^ ^ 3

C4 H4 O4 5.2
0 1 8 ^3 7 0 4 ^ ^ 3

^ 5 ^ 3 7.7 0l9^4l03^^3

An example of  how the expected M+1 and M+2 abundances were 

ca lcu la ted  i s  i l l u s t r a t e d  using CgH^N^Og:

M+1 = 16{1.08)+37(0.016)+4(0.38)+2(0.04)+3(5.1) = 34.8%

2

M+2 = — + 2(0 .20+3(3 .35)  = 12.0% '

^M+/'̂ M+2 ^2.90

Usually i t  i s  observed th a t  experimental iso topic  abundances are somewhat

g rea te r  than ca lcu la ted  values because of o ther  cont r ibutions  to the
43observed abundances. Taking in to  account th i s  f a c t  would seem to lower 

the p robab i l i ty  t h a t  e i th e r  of the l a s t  two formulas are the cor rec t  ones. 

I f  the s t ruc tu re  of  the other  e l e c t r o l y s i s  products i s  considered i t  is 

only reasonable th a t  the compound of LC peak 4 should contain nitrogen.
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TABLE 10

Calculated I sotop ic  Abundances fo r  the S i ly la ted  Derivat ives

Formula M+1 M+2 ^M+X^M+ 2

C2 H4 N4 O2 34.8 1 2 . 0 2.90

C3 H4 N2 O3 35.1 12.4 2.83

^4^4®4 35.5 12.8 2.77

36.6 1 2 . 8 2 . 8 6

A search o f  the l i t e r a t u r e  revealed only a l imited number of  p o s s i b i l i t i e s  

f o r  the molecular  formulas CgĤ N̂ Og and Table 11 l i s t s  the

most l i k e ly  p o s s i b i l i t i e s .

From the f a c t  t h a t  LC peak 4 exh ib i t s  an u.v.  spectrum with 

the long wavelength peak a t  420 nm in ac id ic  so lu t ion  suggests  i t  must 

have a conjugated system of several double bonds. The only molecule 

which meets t h i s  c r i t e r i a  i s  azodicarbonamide (XII) .

i  X
Mj I T  N=N NHj

XII
(0 cow

An u.v.  absorption spectrum is  reported in the l i t e r a t u r e  which has a

weak absorption a t  -  420 nm and a s tronger absorption a t  shor te rmaX

wavelengths.^^ A more recent  repor t  gives the spectrum in ethanol with 

X = 245 nm (log e = 3.33) and 422 nm (log c = 1.56).^^ The melting
iïlâX



282 

TABLE 11

P o s s i b i l i t i e s  fo r  Compounds with Molecular Formulas 

C2 H4 N4 O2  and C3 H4 N2 O3

>K >='

H H 
N— N

I
NHo

C 3 H 4 N 2 O 3

" - A n- ”
V - f - O H

N—N' 1 . diurea (a lso  known as hexahydro
l , 2 , 4 , 5 - t e t r a z in e - 3 ,6 - d io n e ,  or 
p-urazine)

2. 4-aminourazole

H '^NH 3. azodicarbonamide
2  2

1. 5-hydroxyhydantoin (also known
as 5-hydroxy-2,4-imidazolidinedione)

H

^Reference 44 s t a t e s  th a t  diurea or  p-urazine was l a t e r  determined to 
be 4-aminourazole.
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point  i s  repor ted as 225°C with decomposition.^^ In the absence of 

o ther  data i t  appears t h a t  LC peak 4 is  probably azodicarbonamide.

Tentat ive i d e n t i f i c a t i o n  of LC peak 3. A pos i t ive  i d e n t i f i ­

ca t ion  of LC peak 3 was not  made, however the data co l lec ted  allowed a 

p la u s ib le  s t r u c tu re  to be proposed. LC peak 3 was the f r ac t io n  co l lec ted  

from 240 ml to 255 ml on the r i s i n g  sec t ion  of  the group of  LC peaks 

3-6. When f i r s t  co l lec ted  i t  exhib i ted  a s trong u.v.  spectrum with 

“ 233 nm. Afte r  several  days in so lu t ion  a hypsochromic s h i f t  wasluaX

observed (X „ = 228 nm) and the absorbance decreased.  ImmediatelymaX

a f t e r  lyoph i l i z a t ion  the f l u f f y  material  co l lec ted  appeared white.

Afte r  a sho r t  time (ca. 6 - 8  hours) i t  began to turn  yel lowish and when 

red is so lved  i t  now exhibited an u.v.  spectrum very s im i la r  to th a t  fo r  

LC peak 4.

I t  was al so  found th a t  the compound responsib le fo r  the u.v.  

absorp tion a t  X^^^= 233 nm could be rap id ly  decomposed by adding a small 

amount of  a concentrated NaOH so lu t ion .  The absorbance a t  233 nm 

decreased rap id ly  and a f t e r  about 1 0  minutes the u.v.  spectrum exhibited 

only the c h a r a c t e r i s t i c  absorption of  sodium hydroxide from 2 1 0  nm to 

190 nm. Lyophil izat ion of  the neu t ra l ized  so lu t ion  yie lded  a white 

powder. Apparently decomposition by using sodium hydroxide y ie lded a 

d i f f e r e n t  product from the decomposition in the dry s t a t e .

GC-MS analys is  of LC peak 3. As a r e s u l t  of the ease of decom­

pos i t ion  good GC-MS data was d i f f i c u l t  to obtain.  S i ly la t io n  of  LC 

peak 3 was at tempted with a l l  th ree  s i l y l a t i o n  reagents ,  MTBSTFA, BSA, 

and BSTFA. Pyridine and a c e t o n i t r i l e  were both t r i e d  as so lvents .
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Temperatures from room temperature to 100°C were used with MTBSTFA 

and as high as 120°C fo r  BSA. Reaction times as long as 30 minutes 

were used.

I n i t i a l  s i l y l a t i o n  at tempts with MTBSTFA {100°C, .15 minutes) 

yie lded  a t o t a l  ion cur ren t  chromatogram which showed a f a i r l y  la rge 

peak fo r  guanidine (M+=401) and another peak a t  21.5 minutes with a 

molecular  ion of  mass 318. This same sample when s i l y l a t e d  with MTBSTFA 

a t  room temperature did not show the peak a t  R^=21.6 minutes (M‘‘’=318) 

and only a very small guanidine peak. I n i t i a l  s i l y l a t i o n  at tempts with 

BSA f a i l e d  to y ie ld  any useful r e s u l t s .  These experiments were 

repeated numerous times and the r e s u l t s  seem to be d i f f e r e n t  each time. 

The only thing which seemed repea tab le was the appearance of  the 

guanidine peak a t  R^=29.3 minutes.

F ina l ly  the procedure which y ie lded  the r e s u l t s  given below 

was determined.  The product from LC peak 4 was allowed to remain in 

s o lu t ion  u n t i l  ca. 8  hours before the s i l y l a t i o n  procedure when i t  was 

lyophi l ized .  This minimized the decomposition of  the sample which was 

observed in the dry s t a t e .  Two iden t ica l  samples were prepared in th i s  

manner. One was s i l y l a t e d  with MTBSTFA in pyrid ine a t  100°C fo r  11 

minutes (Figure 65). The o ther  sample was s i l y l a t e d  with BSA in 

pyrid ine a t  120°C fo r  16 minutes (Figure 6 6 ). In the to t a l  ion cu rrent  

chromatogram of  the MTBSTFA s i l y l a t e d  product  the re  are several  peaks 

which are not  p a r t  o f  the background: R^=21.3 minutes (M'*‘=318); 29.5 

minutes (M+=401); 30.9 minutes (M-374);  and 35.3 minutes (M+=5.16).

Peaks of  i n t e r e s t  from the BSA s i l y l a t e d  product are:  R^=20.8 minutes

(M’̂ =319); 23.4 minutes (M+=290); and 29.1 minutes (M+=223).
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Figure 65. To ta l ion cu rren t chromatogram o f product is o la te d  from LC peak 3 and s i l y l ­
ated w ith  MTBSTFA in  p y rid in e  a t 100°C fo r  11 minutes.
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Figure 66, Tota l ion cu rren t chromatogram o f  product is o la te d  from LC peak 3 and s i l y l ­
ated w ith  BSA in  p y rid in e  a t 120°C fo r  16 minutes.
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There i s  only one peak in each chromatogram which corresponds 

to the same compound. This i s  the peak a t  30.9 minutes in the MTBSTFA 

s i l y l a t i o n  and the peak a t  23.4 minutes in the BSA s i l y l a t i o n .  The 

number of  s i l y l a t e d  pos i t ions  was ca lcu la ted  from Equation 14:

374 - 290 = 42 (n) =84

n = 2  s i l y l a t e d  pos i t ions

The molecular  weight is  found by sub t rac t ing  the con t r ibu tion  of  the 

s i l y l  groups:

MW = 374 - 2(114) = 290 -  2(72) = 146 g/mole

The sample which was decomposed with sodium hydroxide was al so  

s i l y l a t e d  with MTBSTFA in pyr id ine.  I t s  to t a l  ion cu r ren t  chromatogram 

i s  e n t i r e ly  d i f f e r e n t  from t h a t  of  LC peak 3 in Figure 6 6 . The main 

peaks are a t  = 19.6 minutes (M'*’=318) and 29.3 minutes (M''’=401) which 

i s  f u r th e r  evidence t h a t  guanidine and the compound represented by mass 

318 were r e a l l y  decomposition products  of  LC peak 3 (Figure 67). There 

a re  a number of  small peaks in the chromatogram which are probably other  

decomposition products .

Use of  iso tope r a t i o  and mass t a b l e s . All of  the d e t a i l s  fo r  

l im i t in g  the number of  possib le  formulas i s  analogous to  what was 

presented fo r  LC peak 4 and only the r e s u l t s  are presented fo r  LC peak

3. I f  guanidine was r e a l ly  a decomposition product than the compound 

i s o la te d  from LC peak 3 must contain a t  l e a s t  3 ni trogen atoms. Since 

the molecular weight i s  even i t  must have e i th e r  4 or  6  atoms of ni trogen.  

The most l i k e ly  molecular  formula which met the g r e a t e s t  number of  c r i t e r i a
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imposed upon i t  is  C^HgN^O^. Since i t  has 6  hydrogen atoms i t  is qu ite  

un l ike ly  t h a t  i t  is  a r ing system, but r a th e r  a ring-opened product of  

one of  the p te rins  id e n t i f i e d  e a r l i e r  or  one of the intermediates 

observed in the th in - l a y e r  spectroe lec trochemistry and cyc l ic  voltam- 

metry.

One possib le  compound with molecular formula Ĉ HgN̂ Ô  i s  

t r i u r e t  (XII I ) .

1  c §
' 'NHg

XIII
(0 (OWW

I t  was considered as a p o s s i b i l i t y  i f  guanidine were to form an oligomer

and then hydrolyze. However t r i u r e t  was reported to  be only s l i g h t ly

so lub le  in cold water  and melts with decomposition a t  231°C.^^ The

product  from LC peak 3 was very soluble in cold water  and appeared to

d is co lo r  only s l i g h t l y  when heated to 320°C.

More information about the s t ru c tu re  of the LC peak 3 product

was obtained from the i . r .  spectrum of the KBr disc (Figure 6 8 ). A

broad band i s  observed between C£. 3600 cm"^ and 2600 cm”  ̂ which is

c h a r a c t e r i s t i c  of  a carboxylic acid.  Two peaks are superimposed on th i s

broad band a t  3340 cm~^ and 3180 cm'^ which are c h a r a c t e r i s t i c  of a
43primary amide in the s o l id  s t a t e .  The strong carbonyl absorption a t  

1650 cm”  ̂ i s  al so c h a r a c t e r i s t i c  of a carbonyl group in an amide.

Primary amides also exh ib i t  CN s t r e t ch  near 1400 cm"^ and a band in 

Figure 6 8  i s  observed a t  1380 cm'^.
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A possible s t ru c tu re  of  molecular formula Ĉ HgN̂ Ô  which takes 

into account a l l  o f  the above f a c t s  and considers the origin of  the 

product is  s t ruc tu re  (XIV),

•1 0 HN 4^0H
H c

3 1

XIV
(0 <0 <0

The numbering in s t ru c tu re  (XIV) r e fe r s  to the pos i t ions  these atoms 

are  derived from in the o r ig ina l  p te rin  molecule. This seems a 

p laus ib le  s t r u c tu re  which can explain the observed p roper t ies .

Minor LC peaks 7 and 8 . The products i so la ted  from LC peaks 

7 and 8  exhibi ted very weak u.v.  spec tra  with a shor t  wavelength 

in f l e c t i o n  a t  ca. 215 nm in each case and a small peak a t  X^g^=280 nm 

fo r  LC peak 7 and 265 nm fo r  LC peak 8  in d i s t i l l e d  water . Both 

compounds are e l ec t ro ac t iv e  a t  the PGE, LC peak 7 exhibited a small 

oxidation peak a t  0.49V/SCE in pH 4,7 phosphate buffer .  This oxidation 

peak has a reduction peak associated  with i t  a t  0,42V/SCE, LC peak 7 

al so  showed two other very small reduction peaks a t  -0,63V and -0,94V/SCE, 

LC peak 8  has only one very small oxidation peak a t  the PGE in pH 4,7 

phosphate with a peak po ten t ia l  of  0,49V/SCE, These two LC peaks appeared 

to  be very minor products which have a very s imi la r  s t ru c tu re ,  LC peaks 

7 and 8  as well as LC peaks 1 and 2 were not s tudied more thoroughly 

because of  the f a c t  they do not appear to account fo r  very much of the 

to t a l  e l e c t r o l y s i s  products.
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Products were found in the e l e c t r o l y s i s  product so lu t ion  which 

could only have been formed by loss of  the methyl group a t  the N(5)- 

pos i t ion .  N-demethylation of various N-heterocyclic  compounds during 

e lec t roox ida t ion  has been reported in the l i t e r a t u r e . ^ ^ ' ^ ^  The 

mechanism proposed fo r  these processes proceeds through an iminium 

cat ion  which u l t im ate ly  loses a molecule of formaldehyde. Another 

poss ib le  pathway fo r  the loss of  the methyl group i s  by loss of a methyl 

carbonium ion. Consequently an experiment was ca r r i ed  out to determine 

i f  formaldehyde was a cons t i tuen t  of  the e l e c t r o l y s i s  product so lu t ion .

Formaldehyde can be determined in aqueous so lu t ions  by the use 

of  the chromotropic acid t e s t .  Chromotropic acid forms an intense
52purple co lor  with formaldehyde which i s  very sp e c i f i c  fo r  formaldehyde.

The chromotropic acid t e s t  was car r ied  out according to the procedure
53described by McAllister .  Conditions fo r  the e l e c t r o l y s i s  were chosen 

to maximize the y ie ld  of  xanthopterin in the b e l i e f  th a t  th i s  should be 

an ind ica t ion  of  the amount of  5-MTHP demethylated. The condit ions fo r  

maximum formation of  xanthopterin were found to be an e l e c t ro l y s i s  

po ten t ia l  of  0.32V/SCE in pH 4.7 phosphate buffer  with an ionic s trength  

of  0.5  M. No formaldehyde was detected in the e l e c t r o l y s i s  product 

so lu t ion  using the chromotropic acid t e s t .  Therefore i t  was concluded 

t h a t  the methyl group was probably l o s t  during the elec trooxida tion  

process v^a a methyl carbonium ion.
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Explanation of Observed Proper t i es

The cyc l ic  voltammetry a f t e r  peak I e l e c t r o l y s i s  suggests  

t h a t  some kind of  xanthopterin or  7 , 8 -dihydroxanthopterin species i s  

responsib le fo r  the oxidation and reduct ion  peaks observed. (Compare 

Figure 51 of  xanthopterin and Figures 55 and 55 of LC peak 10 with 

Figures 12 and 13 of peak 1^ e l e c t r o l y s i s  so lu t i o n . )  Since peak 11^ 

i s  observed on the i n i t i a l  pos i t ive  sweep in the e l e c t r o l y s i s  so lu t ion  

th i s  suggests  the product  i s o la ted  from LC peak 10 ( i d e n t i f i e d  as 5- 

methyl- 7 , S-dihydroxanthopterin) i s  responsib le fo r  th i s  oxidation process.  

The r e v e r s i b i l i t y  of peak I I I  al so  supports  the f a c t  th a t  5-methyl-7,8-  

dihydroxanthopterin (5-M-7,8-DXP) i s  a major product because peak 111^ 

of  xanthopterin does not ex h ib i t  r e v e r s ib le  behavior.  However peaks 

IV, and V, a re  very nearly the same s ize  in the cyc l ic  voltammetry of
a  a

the e l e c t r o l y s i s  s o lu t i o n ,  unlike 5-M-7,8-DXP in which peak IV^ i s  much 

la rg e r  than peak V,. This suggests  t h a t  xanthopter in i s  present  because 

i t  has a peak oxidat ion  peak which i s  much la rg e r  than peak IV^, j u s t  

the opposite  of  5-M-7,8-DXP. I f  both were presen t  in ca. equal quan­

t i t i e s  then peaks IV^ and would be ca_. equal in s ize .

The p o s s i b i l i t y  of  unsubst i tu ted  7 , 8 -dihydroxanthopterin in the 

e l e c t r o l y s i s  product mixture cannot be ruled ou t ,  however none was 

i s o la te d  during the chromatography and none was observed in the GC-MS of 

the to t a l  product mixture (vide supra).  The oxidation peak which occurs 

a t  c£. OV in the e l e c t r o l y s i s  product so lu t ion  can be explained by 

observing the cyc l ic  voltammetry of  p te r in  (Figure 47B), xanthopterin 

(Figure 51),  and 5-M-7,8-DXP (Figures 55 and 56). All th ree  compounds 

exh ib i t  an oxidation peak near OV a f t e r  sweeping toward negative
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po te n t ia l s  and then reversing the sweep. This could explain the 

unusually broad and unsymmetrical shape observed fo r  t h i s  peak in the 

product mixture (Figure 12).

Reduction peaks observed in the voltammetry of the e l e c t ro l y s i s  

product so lu t ion  (Figure 12) can be explained by observing the voltam­

metry of  p t e r i n ,  5-M-7,8-DXP, and xanthopterin.  However, th i s  does not 

explain the f i r s t  reduction peak observed in Figure 12B on the i n i t i a l  

negative sweep. I t  i s  e n t i r e l y  possible th a t  the product responsible 

for  t h i s  peak decomposes by the time the product separat ion is  complete. 

None o f  the separated products was observed which had a reduction peak 

a t  t h i s  po ten tia l  supporting t h i s  viewpoint.

The th in - l a y e r  spect roelect rochemist ry  suggests t h a t  two 

intermediates are generated when 5-MTHP i s  e lect roox id ized  a t  peak I^.

7,8-DHP i s  observed to be the f ina l  product whenever the potent ia l  is 

applied fo r  only a shor t  t ime,  only long enough to generate a reasonable 

concentrat ion of  intermedia te.  F i r s t  order r a te  constants  for  the f a s t  

s t ep ,  k p  a t  pH 6.9 and 7.8 are within the range of  the r a t e  constants  

fo r  the chemical rearrangement of  the quinonoid-dihydropterin of  t e t r a -  

hydropter in .^  At pH 4.7 only one r a te  cons tant  i s  observed which i s  a 

f a c t o r  of  1 0  smaller than those fo r  the chemical rearrangement of the 

quinonoid-dihydropterin.  The smaller r a t e  cons tan t ,  kg, i s  probably fo r  

the rearrangement of  the intermediate which gives 5-methyl- 7 , 8 -dihydro­

xanthopterin.  Referring back to Table 6  which i s  the l i s t  of the 

s i l y l a t e d  products fo r  peak 1^ e l e c t r o l y s i s  of 5-MTHP in 0.5 M MaCl there  

i s  evidence of  addi t ional  products with a molecular weight of 193, 211, 

and 209 g/mole. These could correspond to 5 -methyl xanthopterin,
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covalently hydrated 5-methyl xan thopter in ,  and 5-methylleucopterin 

respec t ive ly .  They are not observed however in the separated products 

which were p o s i t ive ly  i d e n t i f i e d .

Other products which were id e n t i f i e d  appear to be fragments 

of  the p te r in  nucleus.  They are probably formed by breakdown of an 

unstable in termedia te ,  possibly 5-methyl- 5 , 8 -d ihydropter in .  This 

intermediate may be responsible fo r  the absorbance observed a t  245 nm 

a t  pH 6.9 and 7.8 during e l e c t r o l y s i s  of  5-MTHP in the RVC th in - laye r  

c e l l .

Proposed Reaction Scheme

The l i n e a r  sweep voltammetry of  5-MTHP in pH 4.7 phosphate 

buf fe r  exh ib it s  a number of  oxidation peaks (Figure IB). The peak 

e lec t roox ida t ion  process of  5-MTHP i s  much more complex than the peak 

I e lec t roox ida t ion  process of  other  t e t rahydrop te r ins  recen t ly  inves­

t i g a t e d . P e a k  Ig e lec t roox ida t ion  of  5-MTHP appears to involve 

several  d i f f e r e n t  processes.  Figure 69 i l l u s t r a t e s  the reac t ion scheme 

proposed fo r  the pathway in which the methyl group is  l o s t  during the 

oxidation process.  Figure 14A, which is  a cyc l ic  voltammogram of 5-MTHP 

in pH 4.7 0.5 M NaCl, i l l u s t r a t e s  th a t  two processes may be occurring 

a t  very near ly  the same po te n tia l  because a shoulder i s  observed on the 

r i s i n g  port ion  of  peak 1^. I t  is  proposed th a t  5-MTHP ( I ,  Figure 69),  

which is  protonated a t  pH 4 .7 ,  i s  oxidized in an i n i t i a l  le-lH'*' process 

to  a cat ion radical  ( I I ,  Figure 69). This ca t ion  rad ical  may be the 

species which i s  quas i - reve rs ib ly  reduced a t  peak I^.  The small s ize  of 

peak I^ even a t  20 V s ' ^  (Figure IIC) ind ica te s  th a t  the species i s  quite  

unstable.  The a i r  oxidation of  5 -methyltetrahydropterins has been
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repor ted to proceed \na_ a cat ion radical  A subsequent

process occurs immediately, together with the loss of  a methyl 

carbonium ion. The remaining elec tron  of  the lone pa i r  of each 

ni t rogen atom and the two elec trons  in the 4 a , 8 a double bond migrate 

to form double bonds in the 4a-5 pos i t ion and the 8 - 8 a pos i t ion .  This 

proposed compound ( I I I ,  Figure 69) is  one of  the possib le  quinonoids 

of  te t r ah y d ro p te r in .^  Quinonoid-dihydropterin ( I I I ,  Figure 69) is  

reduced a t  peak I^ (see Figure 5) in a 2e;-2H''' process to te trahydrop-  

t e r i n  (V, Figure 69). Tetrahydropterin (V, Figure 69) i s  reoxidized 

a t  peak I^ in a 2 ê -2 H'*’ process to the same qui nonoid-di hydropterin 

( I l l j  Figure 69). This quinonoid-dihydropterin rearranges to  7,8-  

dihydropterin (IV, Figure 69) character ized by r a t e  cons tant  k^. 7,8-  

d ihydropter in  (IV, Figure 69) undergoes an acid catalyzed hydration 

(below ca. pH 6 ) to  form the 5 ,6-covalen t ly  hydrated dihydropterin 

(VI, Figure 69).^ Compound VI (Figure 69) i s  e lec troox id ized  in a 

2e-2H‘̂  process a t  peak I I '  (Figure 4A) to another quinonoid species
— a

(VII,  Figure 69). This quinonoid rearranges to  a second, more s tab le  

quinonoid (VIII ,  Figure 69). One or both of these quinonoids i s  reduced 

a t  peak 11^ in a quas i - reve rs ib le  2e-2H'^ process to  the 5 ,6-covalent ly  

hydrated dihydropterin (VI, Figure 69). Quinonoid VIII (Figure 69) was 

found to break down to p te r in  (IX, Figure 69) and 7 , 8 -dihydroxanthopterin 

(X, Figure 69) .^  The rearrangement of  quinonoids VII and VIII (Figure 

69) was not observed in the th in - l a y e r  spec troe lec t rochemist ry  because 

of  t h e i r  low concent ra t ion.  7 , 8 -dihydroxanthopterin (X, Figure 69) is  

oxidized a t  peak 11^ in a 2^-2H+ process to xanthopterin (XI, Figure 69). 

Xanthopterin i s  respons ib le fo r  oxidation peaks III^-V^ and possibly
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peak VT (Figure IB). The reac t ion  scheme from compound I I I  to the 

end i s  ide n t ica l  to t h a t  reported in re ference 7.

Reduction peaks 11^ and in cyc l ic  voltammetry of 5-MTHP 

(Figure 5) a re  due to reduction of  p te r in  (IX, Figure 69) f i r s t  to

5 . 8 -d ihydrop ter in  (XII,  Figure 69) which rear ranges to 7 , 8 -dihydro­

p te r in  (IV, Figure 69). Subsequently 7 , 8 -dihydropterin  (IV, Figure 69) 

i s  reduced to te t rahydrop te r in  (V, Figure 69) a t  peak V .̂ Peak IV^ 

which i s  only observed a t  low concentrat ions of  5-MTHP (Figure 7A) or 

slow sweep ra te s  (Figure 108) i s  probably due to reso lu t ion  of peak 

1 1 ^ in to  i t s  d i f fus ion  con t ro l led  component and adsorption component.^

The other  reac t ion  scheme proposed i s  fo r  the pathway where 

the N(5)-methyl group i s  r e ta ined  during the peak 1^ oxidation process 

of  5-MTHP. In t h i s  pathway 5-MTHP ( I ,  Figure 70) i s  proposed to be 

oxidized in a 2e;-2H''' process to the protonated form of 5-methyl - 5,8-  

d ihydropter in  ( I I ,  Figure 70),  which subsequently loses the proton.  

5-methyl- 5 , 8 -d ihydropter in  ( I I ,  Figure 70) i s  proposed to hydrate across 

the 6,7-double bond in a process which i s  charac te r ized  by r a t e  cons tant ,  

kg. This cova len tly  hydrated 5-methyl- 5 , 8 -dihydropter in  ( I I I ,  Figure 70) 

i s  proposed to  be oxidized in a 2e;-2H'*‘ process (near  peak I^ poten­

t i a l s )  to  5-methyl- 7 , 8 -dihydroxanthopterin (IV, Figure 70). 5-methyl-

7 . 8 -dihydroxanthopterin (IV, Figure 70) i s  oxidized a t  peak 11^ to 5- 

methylxanthopterin (V, Figure 70). Oxidation peaks HI^-V^ and VII^ 

appear to be a r e s u l t  o f  fu r th e r  oxidation of  5-methyl xanthopterin.

Since 5-M-7,8-DXP and xanthopterin both give r i s e  to  oxidation peaks a t  

p o t e n t i a l s  corresponding to  peaks III^-V^ of 5-MTHP, i t  i s  en t i r e ly  

poss ib le  t h a t  oxidation of both compounds (formed by rearrangement of
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in termediates generated a t  peak I^) i s  occurring simultaneously.

Reduction peaks I I I^  and IV^ (Figure 8 B) are due to reduction 

of products from elec trooxida tion  of  5-methyl- 7 , 8 -dihydroxanthopterin 

or 5-methyl xanthopterin.  Peak i s  not observed unless the pos i t ive  

sweep in cyc l ic  voltammetry passes through oxidation peak VI^ or VI 

(compare Figures 5 and 8 8 ).  This ind ica tes  i t  i s  probably reduction 

of a product from fu r th e r  oxidation of  5 -methyl xanthopterin or  xantho­

p te r in .



CHAPTER I I I  

EXPERIMENTAL

Chemicals. 5-methy1tetrahydropterin was synthesized via the

39technique of  Matsuura and Sugimoto. P te r in  used fo r  the synthes is  

of  5-MTHP was obtained from Sigma Chemical (St .  Louis,  MO). Platinum 

(IV) oxide (Adams' c a t a ly s t )  was obtained from Aldrich Chemical Co. 

(Milwaukee, WI). Xanthopterin,  leucopterin (Sigma Chemical, St .  Louis,

MO) and guanidine hydrochloride (Matheson, Coleman, and Bel l ,  Norwood,

OH) were used as. s tandards fo r  the GC-MS analyses.

The procedure fo r  r e c r y s t a l l i z a t i o n  of  5-MTHP was modified 

somewhat. The procedure ca l led  fo r  d is solv ing the lyophil ized  residue 

in 25 ml of 4 ^  HCl and concentrat ing to 5 ml to obtain the product.  

However, when the concentrat ion s tep was ca r r ied  ou t  the product p r e c ip i ­

ta ted  from so lu t ion  a l l  a t  once before the 5 ml volume was a t ta ine d .  

Therefore the procedure was modified so th a t  the res idue  was dissolved 

in a minimum amount (ca.  9-10 ml) of  boi l ing  4 Î^HCl. This solut ion  was 

cooled slowly and a p r e c i p i t a t e  of  la rge ,  creamy white c ry s ta l s  separated 

from the mother l i quor .  After  the so lu t ion  cooled to  room temperature,  

i t  was f u r th e r  cooled by r e f r i g e r a t io n  to obtain the product.  The 

c r y s t a l s  were f i l t e r e d  o f f  and washed with 3 port ions of methanol (ça.

2 ml each).  The product had a melting poin t  of  245-247°C with decom-
OQ

pos i t ion  ( reported m.p. = 237-239°C). Direct  in s e r t io n  mass spectroscopy

301
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of the product gave a molecular weight of 181 g/mole.

Using the molar a bso rp t iv i ty  of 2.63 x 10^ a t  215 nm in a pH

3.5 so lu t ion  the molecular weight of  the product was determined to be 

ca . 254 g/mole. The dihydrochloride s a l t  of  5-MTHP, CyHj^^NgO*2HCl has 

a ca lcu la ted  molecular weight of  254 g/mole. Thus the product was 

found to  be the dihydrochloride s a l t  of  5-MTHP.

S i ly l a t i n g  reagents ,  bis  ( t r i m e t h y l s i l y l ) t r i f luoroacetamide  

(BSTFA), N,0-bis  ( t r im e th y l s i ly l )  acetamide (BSA), pyr id ine ,  and ace- 

t o n i t r i l e  were obtained from Supelco, Inc. (Be l le ton te ,  PA). N-methyl- 

N- t-buty ld imethy ls i lyl  t r i f luoroacetamide  was obtained from Regis 

Chemical Co. (Morton Grove, IL). 3% SE-30 on Chromosorb W (HP) 80/100 

mesh used fo r  gas chromatography was obtained from Supelco, Inc. (Belle-  

fo n te ,  PA). Sephadex G-10 res in  used fo r  gel permeation chromatography 

was obtained from (Pharmacia Fine Chemicals, Pi sea taway, NO).

Elect ro lyses were ca r r ied  out in sodium phosphate buffers  of

ion ic s tr eng th  0.5 M (see Experimental Chapter, Par t  I I )  or in 0.5 M

NaCl.

Apparatus. The apparatus fo r  voltammetry, coulometry, and 

th i n - l a y e r  spec troe lect rochemis try  i s  described in Chapter IV of Par t  I I .

Gravity flow chromatographic systems u t i l i z e d  a Pharmacia Model 

SR 25/100 (2.5 cm x 100 cm) column. The column was genera l ly  f i l l e d  

with 75 cm of Sephadex G-10 r e s in .  A Gilson Model HM Uv-vis Holochrome 

flow-through de tec to r  (Gilson Medical E lec tron ics  I n c . ,  Middleton, WI) 

s e t  a t  207 nm was used as the de tec to r .  The output  of the de tec to r  was 

recorded on a Houston Instruments Omni sc r ibe  s t r i p c h a r t  recorder .  3 ml 

f r a c t io n s  were co l lec ted  using e i t h e r  an Isco Model 328 f r a c t io n  c o l l e c t o r
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(Instrumentat ion Spec ia l t i es  Co., Lindoln, NE) or  a Buchler Fractomat 

f r a c t io n  co l l e c to r .  U.v. spectra of the co l lec ted  samples were 

obtained with a Hitachi Model 100-80 Uv-vis Spectrophotometer.

Gas chromatography u t i l i z e d  a Varian Model 2400 gas chromato­

graph with FID detect ion (Varian, Palo Alto,  CA). Coupled gas 

chromatography-mass spectrometry u t i l i z e d  a Hewlett-Packard Model 5985 

GC-MS.

Procedures. Electrolyses in phosphate-free solut ions used

0.5 M NaCl as the supporting e l e c t ro l y t e .  The pH was monitored using 

an Orion Research Model 501 Digital lonalyzer with an Orion Model 91-04 

combination pH elec trode.  Micro! i t er  q u an t i t i e s  of ca.  1 N NaOH were 

added with a syringe to maintain the pH a t  4.7+0.1.

S i ly l a t i o n  was accomplished using ça.  100 ul of s i l y l a t i n g  

reagent  and 100 ul of  solvent  (general ly pyridine)  in a 3 ml Reacti-Vial 

(Pierce  Chemical Co., Rockford, IL). When HTBSTFA was used the s i l y l a t i o n  

was genera l ly  ca r r ied  out  a t  room temperature fo r  câ . 30 minutes or 100°C 

f o r  15 minutes. With BSA or BSTFA temperatures used were general ly  120°C 

fo r  ca. 20-30 minutes. Samples were genera l ly  s i l y l a t e d  immediately 

p r io r  to GC-MS analys is  in case the s i l y l a t e d  der iva t ives  were unstable.

Chromotropic acid reagent fo r  detect ion of formaldehyde was 

prepared according to M c A l l i s t e r (0.1 g of  the disodium s a l t  of chromo­

t ro p i c  acid in 3.3 ml of water added to  30 ml of concentrated HgSO^).

1  ml of  the chromotropic acid solu t ion was added to 1 ml of the e l e c t ro ly s i s  

so lu t ion  in a t e s t  tube and the volume made up to 1 0  ml with concentrated 

HgSO^. The so lu t ion  was heated in a boi l ing  water bath to develop the 

co lor .  A water blank and a 1 mM standard formaldehyde solut ion  were 

ca r r i ed  through the same procedure.



CHAPTER IV 

SUMMARY

The peak I e lec troox ida tion  process of 5-methyltetrahydropterin 

was inves t iga ted  using a va r ie ty  of  electrochemical  techniques.  I t  was 

found t h a t  the oxidation process was not a simple 2e;-ZH'*’ process as in 

many o ther  t e t rahyd rop te r in s .  In f a c t  the peak 1^ process appears to 

proceed through two pathways, one which r e t a in s  th e  methyl group and the 

o ther  in which the methyl group i s  l o s t .  The pathway in which the 

methyl group i s  l o s t  appears to predominate in phosphate buffer  with an 

ionic  s tr eng th  o f  0.5 M, while the re ten t ion  of  the methyl group is  

favored during e l e c t r o l y s i s  in 0.5 M NaCl. After  the loss of  the methyl 

group the reac t ion  pathway follows the same course as te t rahydrop te r in .

I t  i s  a l so  proposed t h a t  the degradation products observed are a r e s u l t  

of breakdown of the pu ta t ive  5-methyl- 5 , 8 -di hydropterin intermediate 

which leads to 5-methyl- 7 , 8 -dihydroxanthopterin.  Thus the peak I^ 

e lec t roox ida t ion  process has been elucidated  in some d e t a i l .
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