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274. I3C-NMR. Spectra of Pteridinesl) 
by Georges Muller and Wolfgang von Philipsborn 

lnstitutc of Organic Chemistry, University of Zurich, RPmistrasse 76, 8001 Zurich 

(1. x. 73) 

Summary. 13C-NMR. spectra of pterin, xanthopterin, isoxanthopterin, leucopterin, lumazinc 
and of the model compounds isocytosine and desamino-isocytosine have been measured as anions 
and cations in I M  KaOD, CF&OOH, H,SO, and FSO,H solutions. The spectra were analysed 
by means of heteronuclear double resonance, with the aid of non-dccoupled spectra, and by spectral 
comparison. The results are interpreted in terms of the ionisation statc of the pteridines in the four 
solvents and are comparcd with those obtained from lK-NMR. spectroscopy. 

1. Introductioin. - We have shown previously how IH-NMR. spectroscopy can be 
utilized in structural studies of pteridines [3a-el. In particular, it was possible to 
demonstrate that specific information can be obtained about the ionisation of the 
various structural types of pteridines and pyrimidines in a series of solvents of in- 
creasing acidity [l] [3a]. A fundamental disadvantage of this spectroscopic technique, 
however, is that many pteridines possess only a few non-exchangeable hydrogen atoms. 
Spectroscopic and :structural information is therefore limited unless proton exchange 
is suppressed by low temperature and weakly nucleopliilic solvents. Since the pteridine 
skeleton contains six nonequivalent carbon atoms in very different chemical environ- 
ments, more detailed structural information may be expected from a study of 13C- 
NMR. spectra in this series. Here we wish to report first results on a number of key 
compounds and model substrates. 

2. Experimentail Results. - Because of the ainphoteric character of 2-amino-4- 
OX0-3,4-diliydropteridines, and their poor solubility in neutral media, and as a conse- 
quence of the relative insensitivity of carbon resonance spectroscopy, the choice of 
suitable solvents requires particular attention. Most compounds exhibit sufficient 
solubility in 1iv aqueous sodium deuteroxide, and this system has the advantage 
that the D,O signal can be used as an internal field-frequency lock signal. Trifluoro- 
acetic acid which has been used successfully in lH-NMR. studies [l] [3a, b] is less 

1) Presented a t  the Symposium on the Chemistry of Insects, Varenna, Italy, Sept. 1972; NMR. 
Spectra of Pteridines, Part VIII; Part VlI see [lj. ldCC-NMR. Spectroscopy, Part V; Part IV  
sec [Z]. 
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useful in carbon resonance since one of the intense solvent quartets obscures an im- 
portant spectral region. This solvent, however, is indispensable for a study of mono- 
protonated pteridines and pyrimidines. Higher protonated species may be conveniently 
studied in conc. sulfuric acid and fluorosulfonic acid (FS0,H). Substrate concen- 
trations varied between 0.1 and 0 . 2 ~  for NaOD/D,O solutions and from 0.15 to 0 . 4 ~  
for acidic media. All spectra have been measured in the pulsed mode followed by 
Fourier-transformation, and further instrumental details are given in the experimental 
section. The analysis of the spectra was achieved by a combined investigation of pro- 
ton-noise-decoupled, CW-off-resonance decoupled and single resonance spectra. In 
addition, spectral comparison with model pyrimidines and purines [4] was found use- 
ful. Chemical shifts are given in Table 1, the one-bond and long-range C, H-coupling 
constants are listed in Table 2. 

3. Discussion. - 3.1. A.nio.ns. In NaOD/D,O solution 2-amino-4-0~0-3,4-dihydrop- 
teridine (pterin, 1) exhibits well separated resonances for the six different carbon 
atoms. The total shift range is rather large (44 ppm), and this is generally true for all 
anionic species of pteridines (non-hydrogenated pteridines: 6~ = 114-175 pprn). In the 
spectrum of 1 the two intense signals at 139.7 and 149.5 ppm are assigned to C(6) and 
C(7) respectively. This follows from their doublet structure and reduced C, H coupling 
constants under off-resonance decoupling conditions and from the known assignment 
of H-C(6) and H-C(7) in the 100 MHz lH-NMR. spectrum [3a]. The two signals at 
157.7 and 130.5 pprn appear as narrow doublets in the non-decoupled carbon spec- 
trum. These splittings (10-12 Hz) result from spin coupling with the pyrazine protons. 
The phenomenon is generally observed in pteridines with hydrogen atoms at  C(6) and/ 
or C(7) and is extremely useful for assignment purposes. As shown by double resonance 
experiments the signals a t  157.7 and 130.5 ppm are assigned to C(1a) and C(4a) respec- 
tively, and thus the splitting arises from transoid vicinal three-bond C, H coupling. 
The assignment of the low-frequency signal to  C(4a) is in agreement with results 
obtained in purines [4]. The two remaining signals a t  highest frequencies (174.1 and 
165.4 ppm) belong to the amide carbonyl carbon atom C(4) and the guanidine carbon 
atom C(2) respectively. Their assignment is usually not straight-forward but can be 
achieved for the pteridine anions by spectral comparison within the whole series and 
with reference to the spectra of 2-amin0-4-0~0-3,4-dihydropyrimidine (isocytosine, 4) 
and 4-oxo-3,4-dihydropyrimidine (5), cf. Table 1. The spectra of the anions of xan- 
thopterin (6), isoxanthopterin (7) and leucopterin (8) were analysed similarly. The 
J C H  coupling constants for C(6) and C(7) in pteridine anions vary between 180 and 
188 Hz and, as shown below, increase with increasing protonation of the ring nitro- 
gen atoms. These data are a valuable aid in the assignment of carbon signals in cases 
of chemical shift ambiguities. In an attempt to interprete the I3C chemical shifts of 
pteridines dissolved in 1~ sodium deuteroxide one has to take into consideration the 
different ionisation states (see Table 1). It is known from UV. spectroscopic data that 
above pH 13 pterin (1) exists as the mono-anion, whereas xanthopterin (6) andisoxan- 
thopterin (7) form di-anions in which the second ionisation occurs in the pyrazine ring. 
For leucopterin (8) threefold deprotonation has been discussed 151. 

3.2. Cations. In concentrated sulfuric acid the majority of pteridines dissolve to 
form di-cations. Their solubility is considerably higher than that of the mono-anions 
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Tablc 2. 13C,1H-CoupZiizg Constants a) '1) 

Compound Solvent .JCH [Hzl 

pterin (I) 

6-~nethylptcrin (2) 

7-methylpterin (3) 

lumaeinc (9) 

xanthopterin (6)  

isoxanthoptcrin (7) 

isocytosinc (4) 

4-oxo-3,4-dIh ydro 
pyrimidine (5 )  

1~ NaOD 
CI;,COOH 

H,S04 

FS0,FI 

CV3COOH 

C1J3COOH 

CF,COOI-I 

FS03H 

l~ NaOD 

CF3COOH 

H2S04 

VSO,H 

1iv NaOU 

HzS04 
FSO,H 

1 iv XaOD 

H,SO, 

l m  NaOL) 

0.1 &I DCl 

H,S04 

a) JS6 = Jq6) H ( ~ ) ,  

b) 

= Jq6) H ( ~ )  ctc., numbering systcni scc table 1. 
The long-range C, .H-coupling constants wcrc assigned using the following criteria: a) i t  is 
justified to assume that only I"C - C-H coupling is obscrvetl since N-€1 proton exchange 
is fast for N(1)H and K(8)H as shown by proton NMR. at 30" in all solvents uscd; b) a deter- 
mination of the long-range C,, H-coupling constants in 4 and 5 by means of sclective decoupling; 
c) selectivc C, H-dccoupling expcriments in the ptcridincs whcncvcr assignicnts were not 
uncquivocal. 
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in NaOD/D,O. Furthermore, dipolar relaxation of the quaternary carbons atoms by 
solvent protons shortens the relaxation times. Consequently, spectra with a much 
better signal-to-noise ratio are obtained. The same applies for fluorosulfonic acid 
(FS0,H) solutions. Both solvents appear to yield the same protonation states as 
shown by lH-[3a] [6] and 13C-NMR. spectroscopy (CJ Fig.). 

4 2 la 7 6 4a 

I l l  

I I I  I I I I I \ 

NaOD 

- 
2.4 

I I 1 I 

180 160 140 120 PPM 

Fig. Schematic spectra and 13C-chemical shift cowelation f o r  the mono-anion, mono-cation and 
di-cation ofptevin (1) 

In the N(1), N(8)-dication I++ the C(7) resonance appears a t  higher frequency 
than C(2) and C(4) 2). This is also observed in the spectra of xanthopterin (6) and luma- 
zine (9) which likewise become protonated at N(8). The second protonation which oc- 
curs in the pyrazine ring is further reflected in the ~ J C H  coupling constants of C(7) 
and C(6) which are now larger than 200 Hz. The conclusions from 13C-NMR. data are 
thus in agreement with those obtained from lH-NMR. studies [3a]. In the case of 
isoxanthopterin (7) proton spectra have suggested monoprotonation at the C(7) 
carbonyl group in FS03H solution [6]. This is now confirmed by the low chemical 
shift of the olefinic C(6) carbon (131.9 ppm). The analogous carbon atom C(7) of 
xanthopterin (6) -which is protonated at N(8) - appears a t  151.5 ppm. Protonation of 
isoxanthopterin (7) at the C(7) carbonyl oxygen atom is also reflected in the coupling 
constant of C(6) (IJcH = 208 Hz). The assignment of the quaternary carbon atoms 
in the pteridine cations was carried out by the same methods as described under 3.1. 

Twofold protonation in the pyrimidine ring - not observed for pteridines dissolved 
in H,SO, or FSO,H -has been demonstrated, by low-temperature IH-NMR., to occur 
in the model compound isocytosine (4) [l]. Confirmation is now afforded by the very 
low shielding of C(4) (169.5 ppm) when compared with the corresponding resonances 

2, The resonances of C(7) and C(6) (in H,SO,) have been distinguished by means of sclcctive 
cohcrent irradiation at the frequencies of H-C(7) (10.28 ppm) and H-C(6) (9.54 ppm). 
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(151.0-151.9 ppni) in 1,6,7 and 9. Thus, in the second protonation stage of pteridines 
the amide carboriyl C(4)=0 cannot compete with any of the basic centres of the pyra- 
zine ring. Even a further increase in the acidity of the medium leads to a third proto- 
nation occurring at N(5) of the pyrazine ring as shown by the low-temperature proton 
spectrum of 1 in FSO3H-SbF,-SO2 solution [7]. This shows that the basicities of 
the various centres in 1 are as follows: N(l)>N(8)>N(5)>C(4)=0. 

Trifluoroacetic acid is known to effect mono-protonation at  N(l) of pterin (1) and 
xanthopterin (6 )  II3a, b] [6]. The much less basic isoxantliopterin (7) is almost insoluble 
in CF,COOH and becomes protonated only in stronger acids such as H,SO, and FS0,H. 
Carbon spectra obtained in CF,COOH are more difficult to interpret since the C(2) 
and C(4) signals are often masked by the strong CF,13COOH multiplet. Nevertheless, a 
number of mono-cations have been studied and the assignments are again based on 
off-resonance decoupled and non-decoupled spectra as well as on chemical shift cor- 
relations within the cationic series. The results are listed in Tables 1 and 2. The spectra 
of the mono-cations of 6-methylpterin (2 )  and 7-methylpterin (3) are important for a 
correct assignment of the C(6) and C(7) signals in pterin (1) since the corresponding 
protons in 1 have nearly the same chemical shift. Furthermore, 6-methylpterin is a 
suitable model compound for biologically important pteridines such as biopterin and 
folic acid. 

A comparison of the 13C chemical shifts of pteridines in the four different solvents 
is illustrated in Fig. for pterin (1). The best separation of the individual carbon signals 
is obtained with the mono-anion. The mono-cation is formed in CF,COOH. Concen- 
trated H,SO, and FS0,H produce the same di-cation with almost identical chemical 
shifts in both solvents. 

Support of this work by the Swiss National Research Foundation is gratefully acknowledged. 
The authors would like to thank Prof. W .  Pfleiderer, M .  Viscontini, C .  H.  Eugster and Dr. P. I ten 
for several samples of pteridines and Dr. 24. Rabinovitz for valuable comments. 

4. Experimental Part. - The carbon spectra were measured on a Vavian XL-100-15 
spectrometer (25.2 MHz) equipped with a pulse unit and a 620i-8K on-line computer system. 
The probe temperatiire was 32" whcn proton high-power decoupling was used, otherwise 28'. 
Sample tubes of 12 mm outer diameter required a typical sample volume of 2 ml. For NaOD/D,O 
and DCl/D,O solutions the deuterium resonance of the solvent was used as an internal field- 
frequency lock signal. h 5 mm tube filled with D,O and placed inside a 12 mm tube served as an 
internal lock for CF,C.OOH, H,SO, and FSO,H solutions. Typical parameters for the pulse expcri- 
ments were as follows: spectral width 5000 (2500) Hz, aquisition time 0.4 (0.8) s, pulse delay 
0.2-0.6 s, pulse width 22-2.5 ,us. For the dilute solutions and non-decoupled spectra up to 60000 
free induction decays had to be accumulated. Chemical shifts were all determined relative to 
dioxanc as an internaZ standard for D,O solutions and as an extevnal standard for CF,COOH, 
H,SO, and FSO,H. These shifts were then recalculated relative to tetramethylsilane (cxt.) using 
dioxanejTMS relative shifts of 67.8 ppm and 67.5 ppm respectively. The &values are within 
& 0.3 ppm, the coupling constants within & 2 Hz. 
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