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Carbon-13 NMR studies of the pyrrole-derived pigments continue to be of 

biological and theoretical interest. 
1 

For example, the nature of the rearrangement 

process central to the biogenesis of the type-III porphyrinogen skeleton has been 

delzneated' usxng this technique, the crltlcally important meso carbon assignments In 

protoporphyrin-IX being establlshed using carbon-13 labelled compounds from an 
_ 

impressive synthetic programme. On the theoretlcal side, carbon-13 NMR argumentsJ 

for the 16-membered til-delocalzsatlon pathway, 4 agalnst which we have argued, 5 

continue to be advanced. 
6 

In this letter we report the carbon-13 NMR spectra of 

porphin (l_) (the basic porphyrin skeleton, free from extraneous substltuent 

and some derivatives (Figure); the spectrum of porphln In particular is of 

importance in our longer term aim to obtain a unkque and unambiguous method 

assignment of all carbon atoms In porphyrins, and as a basis for any future 

developments. Moreover, these shifts provide yet more evadence against the 

pathway for w-electron delocallsatron in the porphyrin nucleus. 
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With the exception of porphin (A), all spectra were run on the Varian XL-100 

spectrometer in CDC13 containing a slight excess of pyrrolidine. Because of its low 

solubility (saturated solution, z. 5 x lo'%), the proton NMR spectrum of porphin (A) 

was measured only recently; 
7 

the carbon-13 spectrum was therefore determined using the 

Bruker WH 180 spectrometer, operating at 44.28 MHz and using a 25 mm sample tube. 
8 

877 



No. 11 

(A) M = 215; R1"8 = H 

(2, M = Zn; Ri-8 = H 

(2' M = Zn; R1'4'5p8 = i"le; 

R213 = H. R6Y7 =P 

($1 M = Zn; ~1s3'5vB = Me; 

R2.4 = H. R'3*7 , =P 

P = CH2CH2CO2Me 

FIGURE --____ .-._____ 

TB&LB: =-_-- Carbon-13 Chemical Shafts (6, p.pqmo downfield from internal tetremethylsilane) 

of PorphyrIna xn CRCl, Solution. 
Y 

Compound a-Pyrrolc B-Pyrrole W3BO Me Me(5,8) Cl-I2 - CH2 = CO2-Me 

(AI a 131.5 104.4 

&I" 149.3 131.7 104.3 

(2," 148.8(2',3') 129.2(2,3) 103*0(a) 13.7 11.8 22.2,37*4, 173.5,51.5 

148.0(1',4', 140.4(1,4) 96.9(B) 
(1.4) 

5',8') 
136.7(5,6) 96.2(g) 

147.3(6',7') 
138.7(6,7) 96.9(8) 

(51)" 148.8 129.2 
129.*(2*4) 

100.4(a) 13.7 11.7 

148.7 
99.2(S) 

(1,3) 
22,2,37.4, 173.6,51.5 

148.5 

148.1 
;;~:",(l,J, 

95.9(Y) 

147.9 
;;;;;(6,7) 

97.2(S) 

147.5 

136.8(5,8) 

5 Not observed. !T! Excess pyrrolldine added, Numbers in parentheses refer to 
carbon atoms Indicated in Figure. 



No. 11 $79 

Although slnc(II) porphin ($1 was virtually Insoluble In CDC13, addition of ~a. 2 equiv. 

of pyrrolidlne dramatically Increased the solubxlity and a spectrum was readily obtained 

on the XL-100 with 10 mg dissolved In ~a. 0.5 ml CDC13. For consistency, the spectra 

of zinc(I1) deuteroporphyrin-III (5) and zinc(II) deuteroporphyrin-IX (2) were obtained 

under simrlar conditions In presence of pyrrolldine, even though these compounds were 

conslderably more soluble In CDCl3 than was zlnc(II) porphin (2). The importance of 

the addition of pyrrolrdxne to obtain spectra of metalloporphyrlns In the "disaggregated" 

state has been dlscuseed elsewhere. 
9 

The assignments (Table) In the spectra of (A) and (2) are straxghtforward; the 

a-pyrrole carbon resonances In (A) were not observed , presumably due to broadwrung 

through NH tautomerism. 
10 

Assignments in Cz) were aided by the molecular symmetry. 

For example, the two zsochronous mesa carbons must be the B and 6 carbons, The almost 

complete asaxgnments in (3) and ($1 follow by comparison with other zlna(If) porphyrLns. 
9,ll 

The shafts observed are of consxderable interest. We note that the 9-pyrrole 

and M carbon atoms of sxnc(I1) porphin (2) (with added pyrrolldlne) are identxcal with 

those of the free base (A), and this provides a theoretical rationale 
12 

for our use of 

these operating conditzons In porphyrin Wm. The meso carbon chemical shifts can be 

dlfferentlated simply by sterxc shlfts caused by abutting peripheral substztuents. With 

alkyl groups (methyl or propionate) the chemical shift IS 96-976, with one alkyl and 

a hydrogen 1.t 1s 99-100 6, and for two unsubstituted peripheral positions the shift 1s 

103-104 s. The low field shifts of the mess carbons in (A) and (2) provide further 

support for our earlier reJection of the carbon-13 NMR evrdence cited 
3 

in favour of 

the 16-membered pathway for +I-electron delocalisatlon In the porphyrin nucleus, 

znaemuch as the suggestlon3 was based on the difference In chemical shifts of the 

p-pyrrole and meso carbons. The spectra herein reveal that 10 p.p.m. of this difference 

la slmply due to the alkyl substituents commonly encountered In the porphyrin rxng. The 

fundamental carbon-13 shifts of the porphyrin skeleton presented in the spectra of (A) and 

(2) provide no support for the 16-membered pathway hypothesis. 
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