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To account for the known existence of N-alkylpor- 
phyrins it has been proposed from considerations of 
steric factors and visible spectra's2 and, more recently, 
analog computations3 that a t  least one pyrrole ring 
must be out of the over-all plane of the porphyrin 
ring. However, no detailed experimental investiga- 
tions of the manner in which the porphyrin ring ac- 
commodates the alkyl group substituted on nitrogen a t  
the center of the ring and of the effect such an accom- 
modation has on the aromaticity of the macrocycle have 
been reported. Here we report the n.m.r. spectra of 
etioporphyrin I1 (Fig. 1, R = H),4 S-methyletiopor- 
phyrin 11 (Fig. 1, R = CH,), and N-ethyletioporphyrin 
I1 (Fig. 1, R = CH2CH3) indeuteriochloroform. These 
spectra are interpreted as indicating that the porphyrin 
ring in etioporphyrin I1 is planar, whereas in each of the 
N-alkyl compounds there are definite deviations from 
planarity. X-Alkylation results in only a small change 
in ring current field strength and, consequently, the 
aromaticity may also be coiisidered to be altered 
only slightly. 

With the presumably planar5 etioporphyrin I1 the 
ring positions for each type of substituent appear 
equivalent (Fig. 2, I) and the assignments are clear 
(Table I).4 The spectra of the N-alkyl etioporphyrins 
are characterized by non-equivalence in ring positions. 
The N-alkyl protons appear a t  extremely high field 
consistent with the findings for porphyrin nitrogen 
bound  proton^^,^ and their being within a strong ring 
current field. The fact that both N-CH? and N- 
Et-CH2 are a t  signihantly higher fields than N-Et- 
CH3 provides evidence for the ring current effect being 
stronger near the center of the macrocycle. 

The nature of the non-equivalence of ring positions in 
the N-alkyl compounds proves to be consistent with a 
definite nonplanar conformation of the molecules. 
Upon examination of models, a most reasonable man- 
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Fig. 2.4V.m.r. spectra in deuteriochloroform. I, etiopor- 
porphyrin 11; 11, N-methyletioporphyrin 11; 111, N-ethyletio- 
porphyrin 11. 

ner for the N-alkyl group to be accommodated involves: 
(1) pyrrole ring I (Fig. 1) being somewhat out of the 
over-all plane of the ring with its nitrogen above the 
plane and its P-carbons below; (2) rings I1 and IV 
being out of the plane, to a lesser extent, with their 
nitrogen atoms below and their @-carbons above; 
and (3) ring I11 remaining essentially in the plane. 
The n.m.r. spectra suggest this is indeed the case. 
Thus the R-CHa of ring I is considerably out of the 
over-all plane, those of rings I1 and IV somewhat out 
of the plane, and that of ring 111 in the plane. If it is 
assumed that the further the protons of a given R-CH3 
are ou t-of-plane the lesser will be the ring current field 
effect, then the R-CH3 protons of types A, B, and C 
may be assigned to ring I, rings 11 and IV, and ring 
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TABLE I 
NUCLEAR MAGNETIC RESONAXCE SPECTRA 

N- Methyl- N-E t hyl- 
Etiopor- etiopor- etiopor- 

Protonsa Type phyrin I1 phyrin I1 phyrin I1 
N-Et-CHS 12.37 
N-E t-CHz 15.16 
N-CH3 14.89 
K-H 13.79  13.12 (broad) S o t  ob- 

served 
R-Et-CH3 A 8.58 8.61b 

B 8.13 8.15 8.14 
H-CH3 A 6.80 6.78 

B 6.50 6.48 
C 6.38 6.34 6.35 

R-Et-CHz A 6.04 6.06 
B 5.89 5.86 5.88 

Xfethine-H A 0.03 0.04 
I3 - 11 - 01 - 08 

a See footnote 7. This triplet is distorted somewhat by a 
weak broad band on the high field side. Although the origin 
of this band is uncertain, it is probably due, a t  least in part, to 
water which has often been observed in this region. This is an 
extremely low field position for N-H which, to be sure, was not 
observed elsewhere in the spectrum. 

111, respectively. Integration data show a proton 
ratio of 3 : 6 : 3  for types -4, B, and C, respectively. 
In  the R-Et-CH3 spectra integration shows three 
protons for type A and nine protons for type B. Here 
the type A triplet can be assigned to ring I and the 
R-Et-CH3 groups of the other rings, being essenti- 
ally equivalent, appear as type B. Assignments of 
the number of protoiis to  each type of R-Et-CH, 
are not completely clear but the overlapping quartets 
are roughly equivalent in area. Slight non-equivalence 
is also found in the methine proton spectra. The a 
and 6 protons can be expected to be essentially equiva- 
lent and different from the p and y protons, which are 
also equivalent; a pair of peaks, each representing two 
protons, is indeed observed. These spectra might be 
compared with those of etioporphyrin 11 and thereby 
assign type A to the a and 6 protons and type B to the 
B and y protons. More likely, however, the nonplanar 
substituents in ring I result in less effective shielding of 
the a and 6 protons than is the case with the P and y 
protons and thereby make an opposite assignment the 
correct one. Thus for each of the N-alkyl compounds 
the n.m.r. data are consistent with and provide experi- 
mental evidence for a conformation with reasonable 
deviations from planarity. It should be added, how- 
ever, that an evaluation of the effect of S-alkylation in 
the absence of conformational changes has not been 
attempted. 

The ring current field strength appears to be only 
slightly less in the 3-alkyl compounds than in etio- 
porphyrin 11. This can be concluded from the simi- 
larity in the spectra for protons remaining inplane 
(the methine protons and R-CH3 and R-Et protons 
assigned to ring 111) in the N-alkyl compounds com- 
pared with etioporphyrin I1 ~ p e c t r a . ~  If a single large 
ring current field is considered to be present and the 
strength of this field to be a measure of the degree of 
a-electron delocalization and consequently a measure 
of aromaticity, as has been done with six n-electron 
systems,* annulenes, and  porphyrin^,^ it is apparent 
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that the deviations from planarity encountered here 
do not markedly affect the aromaticity of these com- 
pounds. (Metal ions complexed with the central 
nitrogen atoms and electron-withdrawing peripheral 
substituents do affect ring current field  strength^.^) 
Furthermore these data suggest that appreciable de- 
viations from over-all ring planarity can occur a t  the 
expense of little energy. Therefore the possibility of 
such nonplanarity must be given careful consideration 
in porphyrins and metalloporphyrins. The possibility 
of nonplanarity in palladium (11) complexes was sug- 
gested previ~usly.~ 

Experimental 

The n.m.r. spectra were obtained with a Varian A-60 spectrom- 
eter in N 0.09 M deuteriochloroform solutions with tetramethyl- 
silane as an internal standard. Concentrations were varied 
without significant effect on the spectra. The data are reported 
as 7 values. 

Materials.-Etioporphyrin I1 was prepared as described pre- 
viously.* N-methyletioporphyrin I1 and X-ethyletioporphy- 
rin I1 were kindly supplied by Professor A. H. Corwin. 
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We have previously described a method for the syn- 
thesis of 2P-hydroxylated steroids which resulted in the 
synthesis of 2P-hydroxytestosterone. The chemistry 
of the 2P-hydroxyl group is interesting since, from a 
thermodynamic standpoint, the 2p-configuration (axial) 
would be expected to be less stable when compared 
with the 2a-configuration (equatorial) and thus would 
tend to isomerize to the more stable 2a-form. I n  
agreement with this, synthetic studies have shown that 
prolonged treatment of 2b-hydroxylated-A4-3-keto ster- 
oids with potassium acetate in acetic acid does isomer- 
ize the 2P-function to the stable 2a-fo1-m.~ However, 
since our communication' still other 20-hydroxylated 
steroids have been obtained from microbiological 
incubations.5 In  view of this increased interest in 
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