
oo40-4020.80 1001 272, $4J2.00.‘0 

THE CARBON-13 AND NITROGEN-15 
NUCLEAR MAGNETIC RESONANCE 

SPECTRA OF UROPORPHYRINOGENS I AND III 

GERARDO BURTON, PAUL E. FAGERNESS, PETER M. JORDAN and A. I. SCOTT* 

Department of Chemistry. Texas A&M University, College Station. TX 77843, U.S.A 

(Reeeiced in U.S.A. IO December 1979) 

Abstract--- Due to their sensitivity to light and air. porphyrinogens are not normally isolated. but are 
routmcly analyzed by oxidation to the corresponding porphyrm. We report herein the ‘“C- and 15N-NMR 
spectra of uroporphyrinogens I and III in their “native state”, multiply labelled with “C and “N. and at 
natural abundance (“C only). 

Uroporphyrinogen (uro’gen) I (la) and III (lb), the 
products of the condensation of the pyrrole 
porphobilinogen (PBG) (2), by the action of the 
enzymes PBG deaminase and uro’gen III cosyn- 
thetase’ are highly unstable compounds, both being 
sensitive to air, light and acids.’ Their instability, in 
conjunction with the difficulty of obtaining the pure 
isomers, has limited the available spectroscopic data3 
for these compounds, which are the substrates for the 
enzymes of copro’gen synthesis and, in the case of 
uro’gen III, for heme. chlorophyll and vitamin B, ?.4 

We have recently developed a 13C- and 15N-NMR 
method for the study of the enzymic reactions yielding 
the uro’gens I (la) and/or III (lb) from PBG (2)‘.” in 
the NMR tube, which allows us to assign the enriched 
NMR spectrum of these compounds formed from 13C 
or 15N labelled PBG. In these studies, 90’2; enriched 
1 1-‘3C-PBG, 2.11-‘3C2-PBG (81% of the molecules 
containing two i ‘C atoms) and 99”/, enriched 1-l ‘N- 
PBG were used as substrates: the labelling patterns in 
the final products are shown in Schemes 1-3. 
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RESVLTS AND DISCCSSION 

The ‘%Z spectra of [5,10,15,20-“C,;-urdgens I and 
III (obtained from I I-‘%PBG) show a single 
resonance at zj = 21.63 and 21.65 ppm, respective1y.t 
No 13C- ‘-‘C coupling is observed in the uro’gens 
derived from single labelled PBG. as is expected from 
the magnitudes of four bond coupling constants 
(4J - 0 .8Hz).’ I ‘( I i,’ - 

Two ‘JC-‘3C couplings are possible for the 
uro’gens derived from [2,1 I-‘“C,]-PBG, a one bond 
and a three bond coupling (the latter through the N 
atom). The three bond coupling is observed in the 13C 
spectrum of the double labelled PBG and found to be 
3J I gI -. I bl = 1.4Hz This coupling is unresolved in the 
spectra of the uro’gens, due to the broad lines obtained 
(half height width lo-12 Hz). The doublets arising 
from the direct (one bond) coupling in 
[4,5,9,10,14.15,19,20-‘3C,]-uro’gen I (meso carbons d 
= 21.63ppm. r-pyrrolic carbons ti = 123.93ppm) 
have ‘J, G, :,, of 50.4 Hz (Fig. la): as there is 90’:/, 13C 
in each position. a line is observed in the center ofeach 
doublet corresponding to isolated 13C atoms (9%). 

In the case of [4,5.9.10,14,15,16,20-‘3C,]-uro’gen 
lll( Ib)(Fig. I b).a morecomplex pattern isobtained for 
the meso carbons. Since this molecule has three 13C 
atoms directly bonded, ‘C and “C appear as doublets 
(6 = 21.61 ppm, ‘J,l\_l,,. = 50.4Hz) as in the type I 
isomer. but “C is a triplet (6 = 21.54ppm, ‘J,.,,._, $I’ 
= 50.9 Hz) and ‘“C a broad singlet (S = 21.65 ppm). 
atoms directly bonded. C-5 and C-10 appear as doub- 
lets((i = 21.61 ppm.‘J,,, ,.l( = 50.4Hz)asinthetype 
I isomer, but C-15 is a triplet (ij = 21.54ppm, 
‘J I 3c ,3( = 50.9 HL) and C-20 a broad singlet (ii = 

b-l/- 
123 93 2 1.65 

l.‘~g. I. ‘.‘C-NMR spectra at 20.0MHz of 
(a) uro’gen I and (b) uro’gen 111 obtained 
from 2.1 I-“C,-PBG. Each is the result of 
100,000 pulses with a repetition rate of 
0.X I Y sec. over a spectral width of 5000 Hz 

tSmall discrepancies were observed in the 13C chemical 
shifts obtained at 20.0 and 50.3 MHz 

21.65 ppm). The differences in chemical shifts between 
C-15 and C-20 is due probably to an isotope shift 
induced in the former by the 13C atoms in C-14 and 
C- 16,” as no difference is observed in the chemical shifts 
of the four meso carbons of [5,10,15,20-‘3C4)-uro’gen 
111 (obtained from I l-‘3C-PBG). 

The pattern for the labelled pyrrolic carbons (4,9,14 
and 16) is less evident, appearing as a broad doublet at 
124.63ppm (‘J,,t_I,L. = 50.4Hz). A less intense 
doublet can be observed at l24.75ppm (‘J,,,. , 3, 
= 7.5 Hz) which is ass’gned to C- I4 and C-IO in those 
molecules that contain 13C in these positions but not 
in C-15 (8.1 I’,,). 

Further examination of the “C-NMR spectra of 
non-labelled uro’gen I and III was next carried out at 
natural abundance (observing 13C at 50.3 MHz). 
Interpretation of these spectra utilized the 13C ‘3C 
coupling information, together with the chemical shift 
data obtained from the partially enriched ’ T spectra, 
thus allowing assignment of the natural abundance 
spectra of the uro’gens. In the case of uro’gen I (Fig. 
2a), the symmetry of the molecule renders the four 
pyrrole rings equivalent. Thus only four lines appear in 
the aromatic region9 at 6 = 126.74 ppm (C 1.6.11 and 
16). (5 = 123.51 ppm (C 4.9, 14 and 19, similar to the 
enriched a position discussed above), d = 118.18 ppm 
(C2,7,12andl7)and6=112.26ppm(C3,8,13and 
18). The side chain acetate and propionate moieties 
may be assigned on the basis of the 13C-NMR 
spectrum of PBG (2) as follows: ci = 40.12 ppm (pyrr- 
c’flz - CO,-). S = 32.91 ppm (pyrr- 
CH,-!ZB, -CO,-), S = 21.82 ppm (pyrr- 
cH2CH,C02-), and the meso carbons (C 5. IO, 15 and 
20), by analogy with the spectrum of enriched uro’gen 
I. to (521.63ppm. The carbonyl region exhibits two 
lines at S 182.96 and 181.82 ppm corresponding to the 
acetate and propionate carboxyl groups. 

The spectrum of uro’gen III (Fig. 2b) is complicated 
because of the non-symmetric distribution of the side 
chains, which makes the carbons of the diKerent 
pyrrole rings non-equivalent. Although WC are unable 
to assign each resonance in the aromatic region of the 
spectrum, these can be separated into four groups of 
complex signals centered at 6 = 126.03 ppm (C I. 6.’ 11 
and 19).6 = 124.09 (C4,9,14and 16).6 = 117.75 (C2, 
7.12and18)and6=112.67(C3,8,13and17).The 
remaining lines have similar chemical shifts to those of 
uro’gen I: ii = 182.96 and 181.82 (carboxylates), 
ii = 40.02ppm (pyrr-CH2-CO?-), 6 = 32.92ppm 
(pyrr-CH,- CH, CO,-), j = 21.82 ppm (pyrr- 
Fo;l-CH2-C0,-) and (5 = 21.66 ppm (C 5,10,15 and 

Finally, ’ 5 N,-uro’gcn I and “N,-uro’gen III were 
synthesized from 1- “N-PBG as above and the “N- 
NMR spectra obtained (Figs 3a, b). For the type I 
isomer a single resonance at ii 154.27 ppm is observed. 
while uro’gen III shows two lines at ci = 153.57 and 
153.43 ppm (Figs 3a, b). 

These spectra illustrate par excellence the powerful 
nature of the “in tube” technique for monitoring 
chemical and enzyme-catalyzed reactions. particularly 
when potentially labile products are produced. in that 
an environment is provided for the reaction to proceed 
under normal conditions, thus eliminating artifacts of 
isolation, pH change, etc. and where the Ruxional 
changes may be monitored en train d’aillr without 
recourse to any additional analytical methodology. 
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Fig. 2. Natural abundance “C-NMR spectra at 50.3 MHz of (a) uro’gen 1 and (b) uro’gen III. Each is the 
result of 109,000 pulses over a spectral width of 10.000 Hz using a repetition rate of 0.819 sec. 
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Fig. 3. “N-NMR spectra at 20.3 MHz of (a) “N,-uro’gen 1 and (b) ‘5N,-uro’gen III. Each is the result of 60,OW pulses 
over a spectral width of 6000 Hz using a repetition rate of I sec. 
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EXPERlMElVTAL 

Carbon-13 NMR spectra were recorded at 0” in H,O at 
20.0 MHz on a Varian FT-80 spectrometer using IO”,,, D,O 
for internal lock or at 50.3MHz on a Varian XL-208 
spectrometer with 6”” CD,OD as internal lock. Chemical 
shifts are given in ppm downfield from SiMe,. 

Nitrogen-15 NMR spectra were recorded at 0” in H,O at 
20.3 MHz on a Varian XL-200 spectrometer using 6”,, 
CD,,OD as internal lock. Chemical shifts are m ppm. 
downheld from anhyd NH,. 

[Il-“C]-PBG and ~l-‘sN]PPBG were synthesized as 
previously described.‘.h [2,1 l-“C? 1 -PBG was obtained by 
incubation of [5-‘3C~-d-aminolevulinic acid (d-ALA)” with 
purified &ALA dehydratase.’ ’ 

Enriched uro’gen I was obtained by incubating the 
appropriately labelled PBG with highly purified PBG 
deaminase.” A typical incubation mixture contained labelled 
PBG (1 mg;‘ml). deaminase (8 unitsiml) and sodium 
borohydride (0. I5 mgiml) m 0.067 M phosphate buffer 
(pH 7.8). After I hr at 37’ under Argon in the dark, the soln 
was cooled to 0” and DzO (IO”,,) or CD,OD (6”/,) added. 
When uro’gen 111 was desired, an excess of uro’gen III 
cosynthetase13 was included in the incubation. which was 
carried out in the NMR tube. and the spectra recorded 
immediately. 

For the preparation of the non-labelled urdgens, 
incubations were performed in a total volume of 5 ml using 
0.02 M phosphate buffer (pH 7.8). and concentrated to the 
appropriate volume by freeze drying upon completion of the 
reaction. 
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