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Isulfonyl group of the product 5a clearly appears to be equa­

torial on the basis of the NMR data of the C-7 proton 

(6 3.63, dd, ]—12.2 and 3.8 Hz). The larger coupling constant 

(/= 12.2 Hz) indicates that 나｝e proton Hx is located at the 

axial position. The shifts of the methyl protons to higher 

field in the cyclized product 5a are also observed.
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The cyclization of 3d was not stereospecific, and gave a 

diastereomeric mixture of 13-methyleneperhydrophenanthre- 

nes 6 in 62% yield? The epimers 6a and 6b were isolated 

by the repeated chromatography (silica gel, hexane : ether =1 

:1), and the ratio was 2 :1. In the NMR spectrum of 

6a the four methyl protons appear at 8 0.79 (6H), 0.83 and 

0.86, and the Hx proton appears at 8 3.59 as a double doublet 

(J= 12.2 and 4.0 Hz). The NMR spectr냐m of 6b has four 

peaks at 8 0.78, 0.80, 0.81, and 0.87 for the methyl protons, 

and a doublet at 8 3.73 (7—6.6 Hz) for the proton (Hx).

6a

To our surprise all attempts to cyclize the allylsilane 7 

having no phenylsulfonyl group with stannic chloride or 

other Lewis acids failed. Only desilyation was occurred to 

produce 8 from 7.5 It is noteworthy that 살le phenylsulfonyl 

group play an important role in the cyclization process, how­

ever, the role is not clear at present time.
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4. mp 97 t;】H NMR (CDC13) 8 0.08 (3H, s), 1.02 (3H, s), 

178-1.98 (4H, m), 2.47-2.64 (2H, m), 3.63 (1H, d, /=5.6

,Hz), 4.61 (1H, m), 4.88 (1H, s), 7.49-7.64 (3H, m), 7.82-7.87 

(2H, m); 13C NMR 8 22.15, 24.84, 29.15, 32.09, 34.61, 45.33, 

67.84, 119.50, 129.17, 129.42, 133.87, 138.13, 139.23; MS 

m/e 264 (M+, trace), 123 (100), 77 (38%).

5. For a comprehensive review, see: Lambert, J. B. Tetrahed­

ron 1990, 46, 2677.

6. 5a: mp 145-147 t;NMR (CDC13) 8 0.70 (3H, s), 0.78 

(3H, s), 0.86 (3H, s), 0.99-1.96 (10H, m), 3.63 (1H, dd, J= 

12.3, 3.8 Hz), 4.98 (1H, s), 5.53 (1H, s), 7.45-7.65 (3H, m), 

7.91-7.95 (2H, m); 13C NMR 8 18.88, 19.15, 21.55, 24.27, 

32.76, 33.26, 36.11, 41.01, 42.13, 53.10, 55.46, 67.65, 113.08, 

128.40, 129.00, 133.45, 136.90, 139.12; MS m/e 332 (M+, 

trace), 191 (100), 77 (38%).

7. 6a: mp 167 t;NMR (CDC13) 8 0.79 (6H, s), 0.83 (3H, 

s), 0.86 (3H, s), 0.87-1.95 (16H, m), 3,59 (1H, dd, 7=12.2, 

4.0 Hz), 4.97 (1H, s), 5.57 (1H, s), 7.52-7.65 (3H, m), 7.90- 

7.95 (2H, m); 13C NMR 8 15.97, 18.41, 18.66, 20.41, 21.37, 

23.20, 33.33, 36.53, 37.60, 39.48, 41.95, 42.35, 55.79, 5690, 

57.34, 67.50, 112.82, 128.39, 129.01, 133.44, 136.64, 139.10. 

6b: mp 165-167 t;】H NMR (CDC13) 8 0.78 (3H, s), 0.80 

(3H, s), 0.81 (3H, s), 0.87 (3H, s), 0.97-1.87 (14H, m), 2.42- 

2.55 (2H, m), 3.73 (1H, d,Hz), 4.43 (1H, 으), 4.89 

(1H, s), 7.47-7.62 (3H, m), 7.82-7.87 (2H, m); 13C NMR 

8 15.16, 18.50, 18.69, 19.95, 21.82, 21.55, 33.33, 33.37, 35.58, 

37.27, 39.36, 41.86, 42.65, 50.81, 5099, 56.58, 68.55, 118.97, 

128.64, 129.01, 133.33, 137.76, 137.89.

8. The allylsilane 7 was prepared from the palladium-cataly­

zed cross coupling reaction of 3-(tributylstannyl)-2-(trime- 

thylsilylmethyl)propene with geranyl bromide. 7:NMR 

S 0.02 (9H, s), 1.54 (2H, s), 1.61 (6H, s), 1.69 (3H, s), 

1.97-2.09 (8H, m), 4.53 (1H, s), 4.60 (1H, s), 5.01-5.16 (2H, 

m). 8:NMR 8 1.55 (3H, s), 1.61 (6H, s), 1.68 (3H, 

s), 1.93-2.10 (8H, m), 5.04-5.20 (4H, m).
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The porphyrins and related macro cyclic systems are the 

most widely studied of all macro cyclic compounds.1 The 

convenience of meso-substituents as sites for functionaliza­

tion, controlling the substituents geometry and the wealth 

of available meso-substituents make meso-substituted porph­

yrins ideally suited for use in various model systems. Al­

though porphyrin is easily obtainable from pyrroles and alde­

hydes, generic methods are still limited to symmetric porph-
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Scheme 1.

yrins because of the isomeric porphyrin formation from mix­

ed condensation and consequent difficulties in separation and 

identification. Thus, methods for the synthesis of meso-sub- 

stituted porphyrins with predesignated orientation of core-li- 

gands or meso-substituents still need to be developed, es­

pecially in creating sophisticated models of porphyrin-based 

enzymes and in medicinal applications.

Recently, we reported a synthesis of 12-aza-2l-oxa-23-car- 

ba^H-lOJS-diphenylporphyrin (3) (ONCN-porphyrin) in re- 

gioisomerically pure form.2 The reaction utilized the [3+1] 

type condensation of 16-oxa-5,10,15,17-tetrahydrotripyrrin (1) 
with 2,4-bisLa-hydroxy-a-phenyl]methylpyrrole (2) as shown 

in Scheme 1. This new compound which is core-ligand modi­

fied and 2-aza-21-carba-5,10,15,20-tetraphenylporphyrin (N- 

confused porphyrins) is a typical example of a porphyrin iso­

mer. The convenience of the synthesis and its unique 

structural characteristic led us to study the mechanistic point 

of the condensation and wider applicability.

The condensation of 16-oxa-5,10,1547-tetrahydrotripyrrin 

(1) with 2,4-bis-Ea-hydroxy-a-phenyQmethylpyrrole (2) was 

carried out in chloroform in the presence of catalytic amount 

of borontrifluoride etherate at room temperature. It was ob­

served that the products isolated after oxidative workup con­

tain both ONCN-porphyrin (3) and unexpected isomeric 21- 

oxa-23H-10,15-diphenylporphyrin (6) (ONNN-porphyrin). The 

isolation of ONNN-porphyrin (6) from the reaction indicates 

that initially used 2,4-bis-substituted pyrrole unit (2) rearra­

nges to 2,5-bis-substituted pyrrole unit during the condensa­

tion processes. The formation of (6) could be explained by 

considering one of the alkyl group migration of the 2,4-sub- 

stituted pyrrole unit into the 2,5-substituted pyrrole at the 

porphyrinogen stage during condensation (vide infra). The 

proton nmr spectrum taken after chromatographic separation 

of crude reaction mixture indicates that the fraction of (6) 
is significantly increased by extending the reaction time. For 

example, the ratio of the two porphyrins (3)/(6) is almost 

1/1 based on the proton nmr spectra when work-up of the 

reaction mixture is done after 50 min. But only traces of 

(3) were detected when the reaction was run for more than 

12 hours. The stirring of individual reactant (1) or (2) alone 

under the porphyrin-forming condition did not result in any 

observable porphyrin-like components. Each porphyrin com­

ponent was easily identifed by proton nmr spectroscopy; the 

proton nmr spectra of porphyrin (6) was quite simple due 

to inherent symmmetry of the m이ecule. The proton nmr 

spectrum of porphyrin (6) isolated from the reaction mixture 

was identical with the spectrum of an authentic sample 

which was independently synthesized from the condensation 

of I with 2,6-bis-[a-hydroxy-a-phenyl]methylpyrrole.

The proton nmr spectrum of porphyrin (6) showed an in- 

ner N-H proton at —2.0 ppm as a broad singlet. The protons

Scheme 2.

on the furan appeared as a singlet at 9.67 ppm. The f-pyrro- 

lic protons appear as doublets at 9.17 and 8.85 ppm. Chemical 

shift of the meso-protons appear at 10.22 ppm, a typical value 

for the meso-unsubstituted porphyrin. The proton nmr spec­

trum of (3) was rather complex due to the unsymmetric na­

ture of the compound. The inner C-H proton was shown 

at —3.74 ppm and the outer p-H of the flipped pyrrole show­

ed a singlet at 8.70 ppm. The inner C-H proton was not 

exchanged upon exposure to acidic deuterium oxide over 

36 hour period. The inner N-H proton signal was observed 

at —0.57 ppm as a broad singlet and completely disappeared 

by addition of D2O. The Soret band of the porphyrin (3) 

appeared at 432 nm and porphyrin (6) at 408 nm.3 This obse­

rvation indicates that the structure of (3) is distorted from 

planarity due to the two ajacent inner hydrogens possibly 

causing repulsion between each other. On the other hand, 

porphyrin (6) is closer to planarity than meso-tetraphenylpo- 

rphyrin (TPP) due to the presence of one less inner hydro­

gen and consequent reduction of resonance interaction with 

two meso-phenyl group. This is possibly why the Soret band 

of porphyrin (6) shows such a large blue shift.

From a mechanistic point of view, one can consider the 

sum of all the internal bond angles of each porphyrinogen. 

Structure (4) takes up a greater portion of the sum of inter­

nal angles than does (5). This is because the imaginary angle 

which is formed by extrapolation of 2- and 5-alkyl substitute- 

nts (7) in the pyrrole unit is 133°, while 2- and 4-alkyl sub­

stituents (8) is 151°.4 (Figure 1) Thus porphyrinogen (4) has 

increased size of the macrocycle due to an inversion of one 

pyrrole unit causing increased ring strain. Thus, acid cataly­

zed reversible cleavage between meso-carbon and 3-position 

of 나le inverted pyrrole ((9)->(10)) will release the strain 

somewhat and followed by recyclization which will result 

in porphyrinogen (5) (Scheme 3). Sessler and Latos-Grazyns- 

kyi have suggested that the formation of N-confused porphy-
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rin is the result of macrocyclization of flipped pyrrole,5,6 

which is consistent with earlier suggestion.7,8 But current 

results clearly indicate that normal macrocyclization is ther­

modynamic while 'flipped' macrocyclization is kinetic in na­

ture.

This process must be thermodynamically favorable and 

inherent characteristics of pyrrole nuclei. This is why the 

thermodynamic equilibration between 4 through 11 must 

prefer normal porphyrinogen 5. If the reaction stops before 

the equilibration reaches on the other hand, 4 is preferred 

and consequently results in porphyrin 3 as predominant pro­

duct.

In conclusion, during the core-modified porphyrin synthe- 

sis, 21-oxa-23H-10,15-diphenylporphyrin (6) was unexpected­

ly isolated. The rearranged product provided simple evidence 

for the angle strain and relative thermodynamic stability of 

the two porphyrins. Furuta et al. reported the synthesis of 

A^-confused porphyrin using acid catalyzed condensation of 

benzaldehyde and pyrrole. They considered the formation 

of TV-confused porphyrin as anion template effects.9 Wh으n 

we tried to condense 1 with 2 in the presence of conc-HBr 

as catalyst, no porphyrin components was observed. This ob­

servation strongly support the proposal made by Furuta et 

al. The detailed kinetic studies are under investigation.
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