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follows the dissociation curve of the phenol above pH 9. Cycli-
zation is catalyzed by cationic (NH+) but not neutral (tri-
fluoroethanol) or negatively charged (HCO3") general acids. 

The parameters we have measured so far suggest that the 
mechanism of addition is primarily nucleophilic attack on the 
monoalkyl olefin by the phenolate oxygen, and it is significant 
that this mode of cyclization is substantially more efficient than 
the acid-catalyzed reaction (figure). The primary carbanion (4) 
is not likely to have a significant lifetime in aqueous solution so 
general acid catalysis (path a) is expected to be enforced.9 The 
data (kH20/kD20 1.70, Mi* = 18.8 kcal mol"1, AS* = -7.7 eu, 
and Bronsted /3 = 0.94 ± 0.06 for general base catalysis of the 
cyclization of the phenol, corresponding to a near zero for the 
general acid-catalyzed reaction (3) of the anion) are consistent 
with proton transfer being only weakly coupled with C-O bond 
formation and thus with substantial carbanion character in the 
transition state. The reaction is thus qualitatively similar to the 
transannular addition of amine nitrogen observed previously.2 It 
also defines the mechanism of the reverse reaction, the base-
catalyzed elimination of a poor leaving group (PhO") from an ether 
without acidic protons. 
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We have shown that stereoelectronic control of acetal cleavage 
is apparent only in conformationally rather rigid systems. We 
report the hydrolysis of a simple bicyclic acetal (7, below) which 
shows a stereoelectronic effect much larger than any previously 
observed. 

The spontaneous hydrolysis of equatorial 1 -oxadecalin acetals 
(1), which have no lone pairs antiperiplanar to the OAr leaving 
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CO' 
group, is actually a few times faster than that of the axial 
anomers,1 presumably because cleavage with stereoelectronic 
control is possible via twist-boat conformations. The same is true 
even in the 6-oxasteroid series (2),2 but when the conformation 
is locked by a trans ring junction at the acetal center significant 
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stereoelectronic effects can be observed. Thus both 33 and 44 are 
hydrolyzed some 2-4 orders of magnitude more slowly than the 
corresponding cis-fused compounds, and the stereoelectronic 
barrier is estimated to be about 7 kcal mol"1 in each case. 

The stereoelectronic barrier to acetal cleavage is potentially 
much larger than this. It is given, to a close approximation, by 
the difference in energy between the planar and perpendicular 
conformations of the oxocarbenium ion intermediate. This dif
ference has been calculated5 for the methoxy-methyl cation (5) 
as 20.8 kcal mol"1, and the barrier to rotation in cation 6 is >18.4 
kcal mol"1.6 
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Compounds like 3 and 4 presumably react through high-energy 

conformations, which allow enough overlap between an oxygen 
lone pair and the developing cationic center to reduce the ster
eoelectronic barrier to the observed value of 7 kcal mol"1. The 
magnitude of the observed barrier is thus expected to depend 
primarily on the rigidity of the system, with larger barriers as
sociated with more rigid acetals. 

We have now prepared7 l-(2,4-dinitrophenoxy)-9-oxabicyclo-
[3.3.1]nonane (7), an acetal with the leaving group fixed in the 
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7( Ar = 2 , 4 - d i n i t r o n h e n y i ) 

OAr 
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equatorial position by the geometry of the system. The lone pairs 
on the ring oxygen are synclinal to the C-OAr bond, so that n-<r* 
overlap is minimal. As a result both anomeric10 and kinetic 
anomeric10'11 effects are suppressed. In the ground state the 
C-OAr bond is unusually long (1.448 A)9 for an acetal, but this 
lengthening is not accompanied by the pronounced shortening of 
the endocyclic C-O bond (here 1.411 A, the same as in equatorial 
1, Ar = Ph) observed for axial tetrahydropyran acetals.12 And 
the effect on reactivity is enormous. 

For comparison, an appropriate model axial tetrahydropyran 
acetal would be 8 (R = Me, Ar = 2,4-dinitrophenyl). This is far 
too reactive to prepare, but we can estimate a rate constant for 
its spontaneous hydrolysis of about 600 s"1 (50% aqueous dioxan, 
39 °C).13 Under these conditions 7 is stable indefinitely, but it 
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is hydrolyzed at temperatures near 100 0C, and extrapolation 
allows an estimate of the rate constant for the spontaneous hy
drolysis of 7 at 39 0C (50% aqueous dioxan) as 2.6 X 10"10 s"1.16 

Thus 7 is cleaved over 1012 times more slowly18 than the related 
axial acetal (8, R = Me, Ar = 2,4-dinitrophenyl), and essentially 
all of this large factor is a stereoelectronic effect on reactivity. 
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Many of the properties of N-alkylporphyrins differ significantly 
from those of corresponding non-N-alkylated porphyrins, pre
sumably due to distortion of the aromatic ring system from pla-
narity. The opportunity to significantly alter the properties of 
a porphyrin was in fact the impetus leading to the first report 
concerning Ar-alkylporphyrins, authored by McEwen in 1936.1 

Subsequently, it has been found that /y-alkylporphyrins form 
complexes with metal ions much more rapidly than corresponding 
non-N-alkylated porphyrins2,3 and that they are more basic.1'4"6 

(1) McEwen, W. K. J. Am. Chem. Soc. 1936, 58, 1124-1129. 
(2) Shah, B.; Shears, B.; Hambright, P. Inorg. Chem. 1971,10, 1828-1830. 
(3) Bain-Ackerman, M. J.; Lavallee, D. K. Inorg. Chem. 1979, 18, 

3358-3364. 
(4) Jackson, A. H. In "The Porphyrins"; Dolphin, D. Ed.; Academic Press: 

New York; Vol. 1, pp. 341-364. 
(5) Neuberger, A.; Scott, J. J. Proc. R. Soc London, Ser. A. 1952, 213, 

307-310. 
(6) Lavallee, D. K.; Gebala, A. E. Inorg. Chem. 1974, 13, 2004-2008. 

'M 

Figure 1. View of the TV-CH3HTPPBr4 molecule. Hydrogen atoms have 
been rescaled for clarity, and the thermal ellipsoids have been drawn at 
the 50% probability level. 

The /V-alkylporphyrins exhibit visible absorption spectra that are 
quite similar in both energy and intensity to corresponding non-
/Y-alkylated porphyrins,4,6"8 indicating retention of a high degree 
of aromaticity. The proton NMR spectra of ./V-methylporphyrins 
show a large degree of shielding of the protons of the A'-methyl 
group, in contrast to the deshielding typical of protons bound to 
the nitrogen atoms of porphyrins, indicating that the protons of 
the A'-methyl group are significantly displaced from the plane of 
the aromatic system. Recent reports of the thorough charac
terization of A'-alkylporphyrins as products of the decomposition 
of the prosthetic groups of cytochrome .P-450 in vivo9 add interest 
to a structural determination of nonmetalated species of this type. 

The structures of a number of transition-metal complexes of 
A'-alkylporphyrins,10"14 together with one structure of a protonated 
nonmetallo TV-substituted porphyrin,15 have been reported, but 
no structures of neutral free-base A'-alkylporphyrins have pre
viously been described. Herein we describe the structure of such 
a species, Af-methyl-S, 10,15,20-tetra(/>-bromophenyl)porphyrin, 
N-CH3HTPPBr4, which was synthesized by standard methods616 

and recrystallized several times from dichloromethane/acetonitrile 
mixtures. Using a Nicolet R3 diffractometer, we measured the 
intensities of 3860 unique observed reflections (/ > 2.5<r(/)) by 
d-28 scans, employing Cu Ka radiation (graphite monochromator). 
All non-hydrogen atoms were refined with anisotropic thermal 
parameters, and hydrogen atoms bound to carbon were included 
in calculated, positions. The single hydrogen atom on nitrogen 
in this neutral free base was strongly indicated to be on N 4 by 
the position of the highest peak in the vicinity of the porphyrin 
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