
THE NMR SPECTRA OF PORPHYRINS-12' 

"C AND PROTON NMK SPECTRA OF THE ZINC(H) 
COPROPORPHYRIN ISOMERS2 

KAYMOW J. ABRAHAM, FAHILEH Elvrvk HARRY PLWSOS 

and KEYI?; M. SMIIH 
The Robert Robinson LaboraIories. LmtcrsiIy of I.igerpool. D 0 Rex 147. Liverpool I.69 3BX. England 

~Rrcct~rd m fhr L’K 20 Jomar)- 197. kcepprtd /or publicafwn !I .Uarch 1977) 

Abetrwt-The “C and proron NMR speclra of the ?inc(II) complexes of Ihc IeIrame1hyl eslcrs of 1hc four 
coproporphyrin lypc isomers arc reported and assigned. Effecrs of aggrcparion phenomena on these shifIs arc 
discussed and a method mvolving addluon of a sligh1 excess of pyrrolidine 1s proposed for measurement of ~hc 
spcclra of 1he “monomcr1c” speck. spc<Ira obramcd under Ihese condiuons arc capable of clmplc. s1raighI- 
forward 1nIcrpreIaIion and assignmen In Icrmc of molecular symmcIr)- lhus. a facile disIincIron bcIween the type 
isomers is ob1ained. 

The “monomer” ~hcmical shlfIs so derived allou convstcn1 SCS paramcrcrs IO be dewed. The C,-MC SCS 
arc show IO bc rela1ed IO 1hc bond order of the C,-C, bond in the porphjnn ring. and are Ihus quite differen 
from Ihc corresponding SCS m pyrrolcs. 

Aggregarwn shifts in 1he “C and prolon specrra are shown IO be consistent with the presence of “slacked” 
wegales uith Ihc ring current of one molecule affecting the older. together with an addirronal cffecr on the 
chemical shtfls of the mno cartnw. which IS probably stcrw In orcgtn. 

The USC of “C NYK for the characterisation of por- 

phyrins and in elucidation of the biosynthetic pathways 
IO the pynole pigments is now well established.’ Pre- 

vious publications in this Series have deal1 with the 

detailed assignments of Ihe “C specva of free base 

peripherally suhsIiIuIed porphyrins.’ of imporlant 

chlorophyll degradation producls.’ and of some meso- 

Ietra-arylporphyrins.’ In all of these compounds, 
however, the NH Iautomcrism process produced ex- 

change-broadened “C signals for all of the “a-pynolc” 

carbons (which were ofren broadened beyond dcIccIionl 
and IO a lesser extent the “/3-pyrrole” and mesa carbons. 
Thus, our initial aim of obtaining the complete assign- 

ment of all ring carbons in unsymmetrical porphyrins 
was thwarted because many of Ihe\e lines were no1 
resolved. Our solution IO Ihe problem of ill-resolved 

spectra provided the means for circumvention of the 
problem by proIonaIion or mcral insertion. WC chose the 

laIIer alternative and thus began a sysIemaIic sIudy of 

zinclll) porphyrins. In Ihe present paper we report the 
“C spectra of the type isomers of zinc coproporphyrin 

esters. However. in Ihc event, these spccIra like those of 
orher zinc porphyrins examined by us. e.g. Rcfs 7 and 8 

showed concentraIion dependence and it was Ihcrcfore 
necessar) IO investigate both this conccnIraIion depen- 

dence and conditions required IO give reproducible 
spectra. Similar problems have already been encountered 
in the now classical case of chlorophyll N.MR’ in which 

donor ligands were used IO dissociate the chlorophyll 
aggregates. Although the mechanism of aggregalion in 
these zinc(H) porphyrins is totally differen1‘ IO that in Ihe 
chlorophylls. a similar merhod can be used IO dissociare 
the aggregates. 

WC prescn1 here rhe “C and proton SMR spcc~ra of 
the IeIrameIhyl esters (I-1) of the zinc(ll) complexes of 

the coproporphyrin type isomers in CDCI,. delineate the 
problems of aggrcgaIIon. and show how these are ovcr- 
come lo produce specIra capable of simple and specific 

assignmenI and interpretation. From these speclri we 

derive the subslituent chemical shifts (SCS) in this 
series. and show how these SCS in the porphyrin differ 

fundamentally from those in the pyrrolc ring.” as indeed is 

IO be expected on simple valency argumenIs. 
Some of these results were reported in our preliminary 

communication.’ 

P”. = CH,CH,CO,Me 

Zinc(ll) Copro-I. (I): 
R’ = R’ = R’ = Me; R: = R’ = R’ = P”’ 

Zinclll) Copro-II. (2): 
R’ L R’ _ R’ _ Me; R’ = R’ = R’ x P” 

Zinclll) Copro-III. (3): 
R’ = R’ = R’ = Me; R’ = R’ = R‘ = P”’ 

Zinc(H) Copro-IV. (4): 
R’ _ R’ = R’ = Me; R’ = R’ = K’ = P”’ 

uFsx.ls 

“C Spectra and assignments 
The “C data are given in Tables I and 2. In Table I the 

data is that obIaincd by measurement of the spectra of 
(1-I) in chloroform solution alone; in Table 2 the data 
obtained from the same solurions after addition of c-u. 2 
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different from 3 and 4 which are themselves similar. For 
example. the “a-pyrrole” resonances in 1 al 147.1 and 
146.1 6 are very close IO the corresponding resonances 
for 2 at 147.3 and 146.3 6. although the lower field shifts 
for the more dilute solution of 2 are undoubtedly sig- 
nificanr. The “fipyrrole” resonances for 1 and 2 are also 
similar. although 2 again shows lower field shifts. The 
“a-pyrrole” resonances for isomers 3 and 4 each fall into 
IWO ranges which ckarly correspond IO the C.P and 
C.M resonances. and these shifts agree closely for the 
two isomers. Comparison of all of the peaks for 3 and 4 
shows them to be considerably IO higher field than in I 
and 2. with some as far as 1.3 ppm upheld. In the case of 
the mem carbons comparison is made difficult by the 
fact that for 2 and 4 the peaks are severely hroadened. so 
much so that the resonance is not observable ar all for 2. 
However. the meso carbon lines for 3 and 4 are again IO 

high field of [hat for 1. 
Thus the data in Table I are capable of rabonahsation 

in terms of dimer or aggregate formation which m- 
traduces uptield shifts. hut this circumstance is unsatis- 
factory for making structural interpretations for the 
monomeric species because extrapolation is difficuh. 

(A) 

In Table 2 the “C data obtained for the isomers (l-4) 
in the presence of pyrrolidine are prcsenled. A visual 
representation of the effect of addition of pynolidine is 
given in Fig. I. which shows the aforementioned broad 
resonances (a. /I and meso carbons only) in metal-free 
coproporphyrin-III tetramethyl ester (Fig. IA). Helou 
[ha1 is shown (Fig. IB) the spectrum of the zinclll) 
complex (3) in CDCI, alone which possesses muhipk 
resolved resonances due IO aggregation cffecrs. Finally. 

in Fig. IC is shown the situation after addition of a slight 
excess of pynolidine; considerable simplification is ap- 
parent owing 10 formation of [he disaggregated monomer 
in which the shifts are dependent only upon structural 
features and are independenl of intermolecular inlcrac- 
[ions. Table 2 also indicates [he simplification occurring 
for all of the isomers (l-4). For example. only singlets 
arc obscrvcd for the nuclear methyl groups. though 
simple molecular symmetry argumenrs might lead one IO 
expect four lines for 3 and IWO lines for 4. This shows 
clearly that the fine structure observed in the pyrrolidine- 
free samples is due IO aggregation. Moreover. rhc methyl 
resonances all fall at virtually identical posnions which 
arc downfield from those in the aggregated species; 

Fig. I. “C NMR spectra (Varian X1.-100) of skelt~al carbons in (A) Coproporphynn-III tetramethyl ester (CDCI, 
soln). (R) Zindll) coproporphynn-Ill tetramcth)I CSIC~ 3 (CIX’I,). (C) %mc(ll) coproporphyrin-III ternmethyl ester 

(CDCI, plus co. ! equiv pynolidinc). 



indeed, all side-chain carbons show remarkably con- 
sistent shift values. The actual assignment of the pro- 
pionate side-chain follows previous work.” 

Whereas the side-chains are of little use in determining 
the nature of the “type-isomer”, the mew carbons faith- 
fully reflect molecular symmetry. It is possible to assign 
all meso carbon lines simply on the basis of neighbouring 
b-carbon substitucnts, (i.e. M-P (1): M-M and P-P (2): 
etc.). One ambiguity in this scheme. namely the choice 
between M-M and P-P. was removed by regiospecific 
synthesis of the av_dideuterio derivative” of (2). from 
which it was deduced that meso carbons between 
neighbouring /Spropionate residues (P-P) are to higher 
field (by cu. 0.4 ppm) of those between fimethyls (M-M). 
The only remaining ambiguity arc the u and /3 meso 

carbons in 3 (both M-P) at 92.6 and 96.4. which cannot 
be uniquely assigned. 

For the remaining nuclear (quaternary) carbons, 
molecular symmetry is reflected in all isomers except 3. 
where there is signal degeneracy leading to only half of 
the expected number of lines. Again, all signals show 
consistency. with all &carbons bearing a Ye group fal- 
ling at 136.5 + 0.1 6. while those bearing a propionate 
side-chain fall at 138.5 z-O.1 S following previous as- 
signments.” Similarly, the “o-pyrrolc” resonances at 
148. I 6 arc assigned to carbons two-bonds removed from 
a methyl group. while those near to 147. I ppm are due to 
“a-pyrrole” carbons two bonds removed from pro- 
pionate side-chains. Thus for isomers I and 2 the as- 
signment of the skeletal carbons as given in Table 2 is 
complete. In the isomers 3 and 4 a total assignment is 
difhcult. Thus, for example in 4. it is difficult to assign the 
two lines at 136.63 and 136.52 IO each of the pairs I. 4 
and 6. 7: a similar situation pertains in isomer 3. 
However, for the “~pyrrole” carbons we have indicated 
(Table 2) tentative assignments which were made by 
considering a fragment in 3 and 4 and relating it IO a 
similar fragment in I or 2 where the shifts are known 

Wu-ing 10 solubiht) problems, isomer 2 uas run using a 
saturaled solution of only co 3 mg/ml 

with certainty. In the case of isomer 4 for example, one 
expects carbons 6 and 7 to be very similar to the I and 8 
carbons in isomer 2: since the shift of the latter is 136.5 d 
we assign the 136.5 6 peak in isomer 4 to the 6 and 7 
carbons. Thus. the I and 4 carbons in 4 appear by 
elimination at 136.6 6 which is as expected by com- 
parison with isomer 1. A similar approach could be used 
for the “a-pynole” shifts in 3 and 4. but we consider this 
to be unwarranted because of the smaller shift 
differences. 

Proton spectra 

Considering our findings with regard IO the “C spectra 
of isomers (14) we felt it worthwhile to study the 
corresponding proton spectra, particularly since outside 
of the chlorophylls there appears to be a dearth of 
systematic information on metahoporphyrins.” The 
spectra were obtained on the Varian SC 300 (300 MHz) 
instrument at concentrations+ of 5 mg./ml (6.5 x IO-’ Y) 
in CDCI, alone. and then with co. 2 equiv of added 
pyrrolidine. The data are collected in Table 3. 

Similar comments to those made in the “C series can 
be made about the proton spectra. isomer 2 having shifts 
to lower field by a small, but significant, amount. The 
lines in the aggregated species are broader than in the 
disaggregated species as a result of the longer correlation 
times. Fine structure present in the aggregates disappears 
upon going to the monomer. Figure 2 shows the two 
relevant spectra for the isomer 4; in the aggregated 
species one can clearly discern two pairs of broad mul- 
tiplets corresponding IO the propionate methylenes. In the 
monomer these multiplets move downfield and are almost 
completely overlapped. Similarly, the two nuclear Me 
resonances which arc separated by 0.12 ppm in the ag- 
gregate are separated by only 0.01 ppm in the 
monomer. the peaks having moved downfield by 0.24 and 
0.13 ppm. The meso protons are exceptionally broad 
(AL+: - I4 Hz) in this aggregated isomer and one can just 
discern some fine structure; however, the peaks sharpen 
up considerably on going IO the monomer. 

The fact that these data (with the exception of isomer 
2) have been recorded at constant concentration show up 

Table 3. Proton chemical shifts (6) of rinc(ll) coproporphyrin fcuamethyl esters’ 

PIIP-” 6-h CY c% co, Ye 

CA) 9.41 ("^.K) !.'.3 (5.&G) '..?C (L.45) 5.59 c:.ze, :.7c (5.7’) 

cp@ 9.72 tiz.c4) 6,6 5. jj t!.6j) 4.2; (4.410 !.“2 (3.29) 3.6-s (5.67) 

9.G ( 9.99) a.Y 

‘2’ q.J&-c.>.) 6 : . :.? A.. -‘. %..L!) :.lLqj.;?) $.‘” (3.7’) 

9.46 t1c.X) a,B 5.145 (T.&G) !.68 (5.7::) 

9.57 ( 9.99, Y 5.4: (5.65) x.57 (7..6@) 

5.L.L 5.65 (5.67) 

‘f’ 9.49%flo.c:, Y 5.‘;: (:.w) I,. 5;: t-e.+:) !.LL (‘.i:!) j.69 (J.:‘Z) 

9.9 (l:..cC) B.6 :.4: (5.6:) 1. . ; c 3.“’ (j.Gg) 

9.72 ( 9.39) a 

‘Solutions in CDCI,. concentration 5 mg/ml (6.5 x IO ‘MO. Data in parentheses are shlfls after addition of 

approx ! cquiv pyrrolidmx to the same solution. 
bSaturated solution (co. 3 mglml). 
‘ Broad peaks. 
dCcntre of gravit) of broad unresolved multiplers 
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Fii !. 300 MHz proton SMR spectra of rmc(ll) coproporphyrin-IV rctramcthyl cskr 4 (6 C x 10 ’ 50 m (Al 
CDCI,. and (R) CDCI, plus co. 2 equiv p)rrolidmc 

in the similar shifts for the various types of proton. In 
this respect. all of the a-methylencs lie within the range 
4.20-4.32 S. while the &methylenes fall in the narrow 
range 3.O!L3.20 6. However. the remarkable data for the 
side-chains in the CDClJpynolidine solutions makes 
these ranges look large; thus. for the a-methylenes every 
shift is 4.43 6 except for isomer ?+ which is 4.44 15. The 
“spread” in the ring methyls and the /3-methylenes is 
similarly only 0.01 ppm in each case. while the ester Me 
varies over 0.04 ppm. The side-chain shifts indicate one 
advantage of proton over “C KMR in that molecular 
symmetry differences are more easily observed. For 
example, in isomer 4 WC can pick out IWO lines for both 
the methyoxyl and methyl moieties. Similarly. in the 
isomer 3 more lines are resolved than in the carbon 
spectrum. 

Addition of pyrrolidinc to the porphyrins again renders 
the mero shifts interpretable in terms of ncighbouring 
groups. For isomer 2 the upheld peak at 9.99 6 is 

- 
+0&g IU soluhility prohlcms. isomer 2 u-a\ run u\mg a 

saturated solution of only co. 3 mg/ml 
tWe assume. in dcrrvmg ~hesc vatuec that none of the “Q- or 

&pyrrolc” asrrgnmcnrs cross-over due IO addlrwn of pyrrolidine 
This is actually of no consequence because we could also have 
taken the shift of the ccntrc of gravuy of the resonances. which 
giver lhc same answer. 

assigned IO the Q. y protons since this peak is the one 
which disappears in the spectrum of the dideuterio dc- 
rivative mentioned earlier. We immediately conclude 
that the shifts for a meso proton between a Me and a 
propionalc (\I-P), or Iwo propionales (P-P). or Iwo Me’s 
(M-M) are 10.00 (from isomer II. 9.99 and 10.04 6 
respectively. Assignment of the ~IPSO protons in isomers 
3 and 4 is a trivial sequel. However. even at a 69 
kilogauss field one 1s unable IO resolve the a and fi 
protons in isomer 3. Although there shift dtfferences 
appear small (in ppm) it should be noted that a~ 300 MHz. 
0.01 ppm corresponds to 3 Hz. a significant shift. 

Since aggregation shafts are a function of the conccn- 
trirtion of the solute. the “C spectrum of I h:rs been 
measured at the same concentration (5 mglml; with and 
without pyrrolidine) as the proton spectra in Table 3; this 
facilitates direct comparison of the proton and “C shifts. 
These data and the resultant aggregation shifts. .L& 
(defined as the difference between the shifts with and 
without pyrrolidine) for both protons and “C arc given m 
Table 4.$ Also given are the corresponding AS. value for 
the zinc(ll) copro-I (I) data in Tables I and 2 of a more 
concentrated solution. 

These aggregation shifts are of some interest. Withm 
each nucleus the shifts follow a similar pattern. generally 
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Table 4. “c chemical shdts (6,) and “C and ‘H aggregation shifts (A6) for rinc(ll) coproporphynn.1 terramethyl 

[ 

A 

4 
h 

14c'/."F; 

11.6. :.. 

148.35 

14?.Cr* 

3.9c 

L. p; 

0.36 

c.96 

138. 3’ 

'5.43 

'?B.S" 

'56.65 

C.‘X 

C.3’ 

0.79 

3. ,?9 

ester (I) in (‘IXI, 

96.56 

96.s 

-G 33 . ‘ 

-c.cc> 

3. >9 

c. jo 

2. jG 

c.?: 

L‘. 58 

I. yl 
.,.I, 

!‘i.Tl 

5 c . 4 r. 

L.’ 3 

c . y:, 

c. “3 

,.: * 

‘5 mg/ml m (WI, 

‘5 mg!ml In CM, - 2 cquib pynoltdine 
Cl6. b, -a,. 
‘Data from Tables I and 2. cunc. cu. I3 mg/ml. 
‘Dala from ‘Tahle 3. 

decreasing steadily on going away from the porphyrin 

ring. suggesting that there is no pronounced lateral 

movement of the ring planes in the aggregate. and thus as 
expected on the basis of ring current effects and a 

vertical aggregation. The GH values in particular de- 
crease monotonically from rhc porphyrin ccnlrc; mesc*H 

(O.?Yl. &<‘H: and Me (0.23). /3-CHzCIjz (0.19). /3- 
(‘H~(‘H~CO&Ic (0.01 ppm). Furthermore. the side-chain 
shifts of both the carbons and the protons are similar, as 

they should be because the attached nuclei arc in similar 

poskons in space; a ring current shift is independent of 
the nucleus experiencing the shift and only a function of 

the position of the nucleus in space. For example. the 
posItIons of a nuclear methyl carbon and the methyl 

hydrogens are nor identical, the hydrogcns always being 

further removed from the porphyrin centre than are the 
attached carbons, and this is clearly seen in the generally 

smaller JS values of the protons compared with their 
neighkuring carbons, e.g. &Me 0.30(C), 0.23(H); 

CH?CH:CO:.Wc &. 0.3R. 0.39. -0.02 (excluding C=0); 
M,, 0.23. 0.19. 0.01 ppm. 

However. this straightforward pattern is not followed 

in the “C shifts of the ring C atoms. Although the 
“a-pynolc” carbons experience the largest shifts (as 

expecredl, the “jSpyrrolc” carbons and particularly the 
~W.W carbons experience much smaller shifts than the 
side-chain carbons: indeed. the meso-carbons experience 
no shift al all upon disaggregation. These results arc 

confirmed by rhe S, values of the more concentrated 
solution which arc all. as expected. slightly larger but in 
which the pattern is identical. Similar bur less extreme 
values are shown by rhc other type-isomers, but here 
(because the assignments in the aggregated and disag- 
gregated species are less certain) we define the A& 
values a5 the shifts in the cenlre of gravity of the various 
groups. On this basis the type-IV (4) chemical shifts in 
Tables I and 2 (which arc for a much more concentrated 
solulion. cu. SO mg/ml) give SC. values of I.61 (o- 
pyrrolcl. O.HI (@-pyrrole). 0.4R (meso). 0.62 (/.&MC) and 
0.71. 0.55. 0.21 and -0.04 ppm for the propionatc sidc- 

chains. Again. the messo carbon values (and possibly 
those of the “~pyrrole” carbons) are less than expected 

on the basis of ring current effcc~s. Although the 
geometry of the aggregates is not known for these 
porphyrins. a very detailed investigation of the ag 
grcgation behavior of Gnc(ll) protoporphyrin-IX di- 

methyl ester, leading IO a defined geometry for the 

aggregate shows that the phenomenon of low meso car- 
bon shifts is general and not dependent upon the par- 
ticular porphyrin. 

II is possible that there is a “complexation shift” of the 

mew carbons which is additional IO that produced by the 

ring current of one molecule on the other. In the 
pynolidinc complex the zinc(H) atom is (presumably:) 
out of the porphyrin ring plane by approximately 0.3 A. 
However, we do not know whether the zinc atom is in 
the plane in the free zinc(ll) porphyrin or whether it 
moves upon complcxation with another zinc(H) por- 
phyrin in solution. If this does occur then it is possible 
that the meso carbons, which have a y relationship to the 
zinc atom, are also more susceptible IO small changes in 
the porphyrin geometry than the a and /_3 pyrrolc car- 
bons, would also experience an intrinsic shift; a direct 
shift from the abutting pynolidine atoms might also bc 
experienced. These effects will be considered further in a 
quantitative study of the dilution cffcc~s m zinc(ll) pro- 
toporphyrin-IX.” 

“C subsrifuenr chemical shift parameters in porphynns 
The accurate data obtained here for the zinc(ll) 

porphyrins allows the determination of more precise “C 
SCS parameters than hitherto. and also the evaluation of 
the effect of introducing the zinc atom upon porphyrin 
chemical shifts. For convenience. data previously com- 
municated” of “C shifts in zinc(ll) porphin and zinc(ll) 
dcutcroporphyrins-Ill and -IX in CDClJpyrrolidine 
solutions. as well as for the porphin and coproporphyrin- 
I tetramcthyl ester free bases are presented in Table 5. 

Comparison of the data for the same fragment (IB) i.e. 
C#.: and C,, of deutcro-Ill and deutcro-IX shows the 
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Table 5. “C chemical shifts (6) of “monomcrrc’ ‘e wrphyrinr 

%i”C(II) onutrro- 
porphyrkn-III clrmnthy 
““tnr 

‘Conccnlrauon C mg/ml 

“f-i’)TrOlC” 

., .). 8 

a. .I.‘.., 

‘.IP.P(’ ’ * ” ) 

‘..u, (.‘*-‘. 

‘,’ .O’ t 

‘__‘I. ;(. . ) 

‘..P. c 
‘..P, .I 

‘..F. ’ 

..P.” 

I.. 0 

I.. _’ 

“. , 

8,‘. i 

:p. .j 

si . ..9 

1.. (. .‘) 

4 . . . ( * , . . 1 

:...‘.(: *E) 

‘P. J(C. ‘) 

;.. 
( . ..I 

i :,*. : 

‘..’ .i 
I’.‘) 

1.. .rf 
“;c 

(. *’ ) 
“57. : 

“*‘.P(,.F) 

consistencv of the shifts (C,-Ye 140.4; C,-H 129.2 6). 

which are’independent of the orientations of the other 

substitucnts. and lead. when taken with the zinc(ll) 
porphin results. to the SCS of the j3-methyl group (IA + 
1HI of 8.7ppm (Ye,) and 2.5 ppm (Me,) 

?A ?H 

Similarly, the further imroduction of a bpropionare 

group (ZA+?B) gives SCS of 9.4 ppm (I’.“) and 

-3.9 ppm (PI’). almost identical with those in metal-free 

porphyrins.’ These SCS together with the 6 value for the 

parent rinc(ll) porphin. allow the possibility of additive 

.--nn /c, 

J-S /c.. 

:-5 /c._ 

” -.... 

‘,‘,. i 

,x . ._ 0 

:. (5) 

s::,(B) 

+.: (Y) 

,Y !Ib) 

’ ,. . ..(a) 

‘. . 
,_. I?) 

‘::.:j(Y) 

Q ‘. (6, 

_” . . . ,.. 

‘..e 

“. 

.‘: 

” I 

al)- u$,--co,-ne 

.‘“.“’ zi’.:. ,-a* 2 ( ’ . ,;:: 

- .) 

. . 

* :... I-J., ;;.c, 

: 
.” 

, ‘,. 1 -2 i; . :, 

predictions of the “/3-pyrrolc” carbon shifts of the form 

s = & + 2, S. 
This will be further developed for a wider range of 

suhslituents in a future paper. The /3-Me SCS (IA + IB) 
is very different from that of the comparable SCS in the 

pyrrole ring (Table 6). i.e. the shifts of the C, carbon 
upon introduclion of a C,-Me. and it is of interest to 

examine this discrepancy more closely. Although the 

a-effect of a methyl group is well documented and 
remarkably constarn for both saturated and unsaturated 
systems” the @-effect does not seem IO have been con- 
sidered in depth. though wide variations arc observed. 

WC define here the /.%Me effect (Me#) as S 

IMcCC*) - S (HCC’) In saturated systems. this effect 

is large and positive (i.e. downfield shifts occur on 
introduction of a methyl group); in ethane Meb is 
9.7 ppm” whereas in ethylene it is -7.4ppm.% In bcn- 

zene. Me, (the orfho shift of a methyl group) is 0.7 ppm” 

and this monotonic relationship is roughly proportional 
IO the square of the n-bond order of the intervening 
bond. which has some theoretical support from the 

Karplus-Pople theory of “C chemical shifts.” 
II is therefore of interest IO ohtain the Mcb shifts in 

the Smemhered heterocyclcs IO see how these compare 
with rhe porphyrin. and these are given in Table 6. The 
same haslc pattern is seen in that the &Me effect 

Table 6 S’S of methyl groups m hctcrw)cle\ in ppm 

-_. .,A _:.4k -; .). n _ ‘. ” 

- - ._. 9 -,-. ..+ 

cdl . ._ .<*.‘L 

_a. ;*n _..:,A 

-1.. T k 

.: .ik 

‘G C Lo)- and (; L. Nelson. (‘ubon-13 S.HR for Orpmir Chtmisfr. p. 97. Wiley. New York (1972). 
‘It Breirmaw and W Voclrer. “C SMR Sprc~rorcopg. p 184 Vcrlag ChemK. Weinhcim (1974). 
‘ R J Ahraham. R I) lapper. K. 51 Smllh and J F I:n\uorth. 1. (‘hrm .Soc. Ycrkin Trans. 2. 1004 (IY741. 
‘R ‘I’ lalundc. ‘I’ S Lkww and A I.-M Tw. Can I Chtm 53. I714 (193:c). 
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becomes more negative as the double bond character of 
the intervening bond increases. This is clearly seen in the 
sequence furan, pyrrole. thiophen for the 2-Me/C, shifts 
and again in comparison of the 3-Me shift of C,. i.e. via 
the “single bond” and on Cr via the “double bond”. 

The general pattern is clear and has an important 
implication for the porphyrin ring. The &Me effect in the 

porphyrin is identical with the 2-Me/C, shift in the 
pynole ring and very different from the apparently 
analogous 3-Me/C, shift. This is immediately explicable 
in terms of the aromatic structure of the porphyrin ring, 
as for example evidenced by the bond lengths. The 
length of the CI-CI bond in the porphyrin ring (1.36 A)” 
is comparable with that of [he CrC, bond in pyrrole. 
whereas the C,-Cb bond is the longer bond (IMA) 
and this compares with the CrC, bond length in pyrrole. 
Thus, the /~-MC effect in the porphyrins is a striking 
illustration of [he very different bond orders in the 
porphyrin as compared with the isolated pvrrolc ring. II 

will be of interest IO determine whether this’is reflected in 

other SCS in the porphyrin series. 
The comparison between porphin and zinc(ll) porphin 

allows an estimation of the effect of introduction of a 
tint atom into the macrocycle. Owing IO low solubility. 

the spectrum of porphin was obtained at remarkably low 

concentration,” and effects of aggregation will be small 
under these circumstances. The “a-pyrrole” carbons 

were not visible. but the other shifts are fascinating in 
[ha1 they are almost identical with the shifts observed for 

rinc(ll) porphin. Thus, the net effect of replacement of 

the IWO inner hydrogens with a pynolidine-coordinated 

zinc atom appears IO be zero as far as [he “&pyrrolc” 

and meso carbons are concerned. II is equally interesting 
to compare the shifts of the skeletal carbons in 

monomeric zinc(H) copro-I (1) (Table 2) with [hose ob- 

tained in the free base under dilute conditions (Table 5). 

Again, the “~pyrrolc” and meso carbons are very 
similar, with the free base being slightly IO higher field. 

The dilution (5 mglml; 0.0065 M) at which this spectrum 

was obtained was not as great as that for the porphin 

spectrum and it is probahly shifted IO high field hy a 
slight aggregation effect. Thus, for the “&pyrrole” and 

meso carbons the conclusion is that zinc-pyrrolidine 

insertion has no net effect on their shifts. 
In contrast. the “a-pyrrole” carbons move 4.5 ppm 

downfield upon zinc coordination. These more accurate 

results confirm our earlier resuhs where the effect of 
zinc(ll) [and thallium(III)] on the ring carbon shifts were 

contrasted with the effect of protonation which produces 

upfield shifts (cu. 3 ppm) at C, and downfield shifts (~4. 

3 ppm) at Cd. We note that rhe Q carbons in pynole shift 

H.6ppm downfield on forming the pyrrolate anion. and 
this has been ascribed IO the decrease in the average 
excitation energy. A similar effect may be occurring here 

in the mctalloporphyrins. 
In conclusion it can be stated that a clear indication of 

structure in porphyrins is best obtained from “C spectra 

measured using the dnc(ll) complcxcs in CDCI, solution 
containing a slight cxccss of pynolidine. Under such 
disaggregated conditions the nteso carbon region alone 
provides unequivocal identification of the type isomers in 
the rinc(ll) coproporphyrin esters. Complementary in- 
formation. although less unequivocal. may also be 
gleaned under similar conditions from the proton spectra. 
The information so far reported should help IO unravel 
more complex porphyrin spectra. Aggregation shifts can 
be larger than I ppm for skeletal carbons. thereby high- 

lighting the necessity for measurement of spectra under 
disaggregated conditions. 

exPERIw%TAl 

“C NMR spectra were obraincd for saturated solns of zinc(H) 
copro-I (1) and tinc(ll) copro-II (2) using I! mm I&S. For the 
more soluble rypc-Ill and -IV isomers (3 and 4). a 5 mm Insert 
was used. Solns were in CDCI, which was also used for rhc field 
frequency lock. One or two drops of TMS were added IO scrvc 
as an internal reference. The cpccIromclcr was Ihc Varian XL- 
100. fiIIcd wiIh a crystal filler IO increase rhc signal IO noise rario. 
Spcc~ra wcrc obtained over a ! kHz spectral width usmg an 8 K 
transform. ProIon spcclra were obIaincd a1 3lMMHz using Ihc 
Ovarian SC 300 spccrromcrcr Spcc~ra were obtincd over a 
3600 kHr spcciral w&h using a 32 K 1ransfonn. ProIon spcc~ra 
were ohtaincd in 5 mm lubes a1 a conccntrarion of !mg/ml 
16.5 x IO ’ MO except for zmcllll copro.11 (2) where a saIuraIcd 
solution (corresponding IO onl) co. 3 mglml) was used Solurions 
were in CDCI, and 1hc insrrumcn1 was locked IO fhc dcutcnum 
resonance. Men pynolidinc was added. approx ! cquiv was 
used. 

SynIhcIlc routes IO the four coproporphjrin cs1cr rypc isomers 
have been rcportcd earlicr.“b Zinc was inserted by 1rca1mcn1 of 
1hc free bax in mc1hylcnc chloride with an excess of unc(ll) 
ac‘c1a1c In methanol After shghr warming. rpccIrophoIomcIry 
indtcarcd complcIc mcdlation. su ~hc solution was poured in10 
mc1hylcnc chloride and water. washed with more waler. dried 
(Sa,SO,L and [hen cvaporalcd IO dryness. The products were 
then crysIaJlIscd from mcrhylcnc chloride-n.hcxanc and dried 
thoroughly 0 mm Hg. IOU’. I! hrl. 
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