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Abstract----- Two d~s tmct  dynamic processes including N-H tautomerism and porphyrin ring 

mverslon have been establ~shed through variable-temperature 'H nmr spectroscopy and isotope 

ellecl analysis in meso-tetra~henyllelraben~:. oporphyrm consistent with the non-planar nature 

of Ule macrocycle from prevlous structural result. 

Previous smgle crystal X-ray structure determination of a f~ve-coordinate zinc tetrahenzoporphyrln. 

ltetrahydrofuranllmeso-telruphenyltetrabenzoporphyrinlZnlll ITPTBPZnlTHFll, h a s  confmned the molecule to 

be severely non-planar and assume saddle shape.] The consequences of saddle deformation on the properties 

of the non-planar tetrabenzoporphynn a!-e signficant. As reported previously the cumulative effects of 

conformational changes and substituent addlt~on are reflected in the red-shifted optical spectrum. diminished 

fluorescence, increased basiclty2 and ease of oxidation of the neutral compound. and in a shift of unpaired 

spin density rrom a , , ,  ITBPZnl to ax., ITPTBPZnI character in the cation r a d i c a ~ . ~  Fajer believes that 

confomahonal vanationq provlde a n  altracl~vely sunple mechanism Tor varying a wide range of chemical and 

physical properties of porphyrlnuz chromo~~hores  and prosthetic groups in uilro and in ~ i u o . ~  Our maln 

interest about TPTBP system is the coordir~;iiion chemistry in solution. It's a common practice to ask that 

whether the molecule remain the same conlormation both in solution and in the crystals. Nmr is a sensitive 

techn~que to study the structure of molecules in solution 

'H Nmr spectra 01 TPTBPZn. TFTBPH2. and TPTBPHd2+ are shown in Figure 1. Other than the shifts of the 

peaks due to phenyl protons. patterns of rr. p-resonances are totally diflerent between them. The spectra 

differences between TPTBPZn and TPTBPH4" could be ascr~bed to the conformation difference. It has  been 

not~ced that a s  the result oi ihe sleric hindrance and posslbly the electrostatic repulsion of the four hydrogen 

atoms a t  the center of the lpoq~hyrin ring, porphynn diaclds tend to be severely deformed into saddle shape.G 
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Flgure 1. 300 MHz 'H Nmr spectra of la1 TFTEIPZn. lbl TFTEIPH,. 
and lcl TWBPH,Z' in CD,CI,. 

This conformation difference will 

change the ring current effects 

both from tetrabenzoporphyrin 

macrocycle a n d  t he  phenyl 

substituent experienced by,a. P- 

protons, and makes the original 

AA'XX pat te rn  observed in 

TPTBPZn coalescence into one in 

TPTBPH4=+.  Because of the 

deshielding effect from the  

macrocycle a n d  the  shielding 

effect from the phenyl substituent. 

it is hard to  predict whether a-H 

or P-H of TPTsPZn will absorb a t  

higher fleld. But according to our 

NOE difference experiment, the 

h ~ g h  f~eld multiplet obtained larger 

enhancement from saturation of 

the o-H and has  been assigned a s  

a-H. in the case of TFTFjPH2. a. P- 

region shows a broad unsymmelnc band. Thls must be related to the N-H tautomerism 

Temperature dependence 'H nrnr speclra of TPT8PH2/CD2CI2 with addition of C H ~ O H ~  between 35°C--900C 

are shown in Figure 21aI. Upon cooling. Lhe broad band finally separated into four sets  of peaks a t  -90°C. 

corresponding to a. P-protons 01 isoindole rings with and without a proton on the nitrogen. This peak 

growing process actually can be divided into two stages. First is the separation of Lhe right and left bands a t  

--10% (the right band grows a s  Lwo separate peaks). Second i s  the splitting of the left two peaks a t  --40°C. 

Similar two-stage ternperalut-e dependence spectroscopic change is even more pronounced in the solvent 

system of THF-ds a s  shown in Flgure 21cl. These Lwo stages seem Lo suggest that there may be another 

dynamic process involved other than N-H tautomerlsni in the temperature range we studied. 
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Figure 2. 300 MHz 'H Nmr variable temperature spectra ofTmBPH2 (a) in CD2C12/CH,0H. (b) In CD2CI, 
/CD30D. and (cl m THF-d8. 

Isotope effect on N-H tautomerlsm has  been sludied previously for TPP sys temx Upon deuteration. the 

coalescence temperature is about 40°C h~gher  for N-D tautomerism. We apply the same method to TFTBPH2. 

By addition of CD30D inslead of CH30H to CDzClz solulion, the vanable-temperature spectra (Flgure 2Ibl) 

show clear direrences. At 35°C. the right and left bands already separate and results in -45OC isotope erect. 

The left two peaks split at  --3O0C. a n  isolope effect between 10-20°C is observed. Presumably. if the 

temperature dependence phenomenon is caused by a single dynanis  process. the observed isotope effect 
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should parallel each other complelely Thls result is consistent with our  previous expectation that there are 

two dillerent dynamic processes involved. THF system dld not offer any further ~nfonnation. Presumably, due 

to the hydrogen-bonding between CD30D and THF, addition of CDsOD to THF solution of TPl%PH2 did not 

show significant difference from Figure 2lcl upon cooling. 

Based on the difference of the isolope eifects. Lhe first stage is asslgned to N-H tautomerism with primary 

isotope influence, whlle the second slage IS considered to be the conformation change or inversion of the 

saddle-shaped macrocycle wtlh secondary lsolope influence. Similar porphyrin nng  inversion h a s  been 

applied to explain the vanabir-temperature nmr results of Znllll oclaethylletraphenylporphyrinateg and N11111 

octaethylpyrrocorphmale"' both with saddle-shaped macrocycles. 

Other than N-H tautornensm and rlng invers~on, there is one more dynamlc process involved in TPTBPHz 

system. Free ro la t~on  of phenyl substduents  is slencally p r ~ h i b i t e d . ~ ~  bu t  rockmg between two extremes 

should still be feasible even a l  -90°C. Wllhout Lhis rocking niotlon, the ortho and meta phenyl protons 

should split Into two doublets and two t r~p le l s ,  respectively. when N-H lor N-Dl tautomerism and ring 

inversion are slow on the nmr tune scale Tlils is ,101 the case in Figure 2 

Although it's almost tnvial lo invoke nng ~nversion for a non-planar macrocycle. paltern of the temperature 

dependence speclroscop~c changes obsewed here is novel. Mosl other related variable-temperature nmr  

phenomena are caused by Lhe dlastereolollic nature of the p-pyrrole substituents. At the first glance, the 

symmetry of TPTBPHl system seems Lo preclude slrnllar conclusion. But the conformation-sensitlve ring 

current effect experienced by rx. &proions LF~gnre 1) offers an  unique probe for this system. Although the 

nature of the spectra proilib~i further quanlltatwe discussion a t  Lhis stage, a prel immay account of these 

dynamic processes is nolewori hy. 

ACKNOWLEDGMENTS 

This work was supported by Nallonal Sclence Corlncll of Republic of China. Grant no. NSC78-0208-M005-15. 

REFERENCES 

I. R.-J. Cheng. Y.-R. Chen. S L, Wang. and C. Y Cheng, Polvhedron. 1993, 12, 1353. 

2. R:J. Cheng. Y.-R. Chen. and C:E. Clinang. Helerorvcles. 1992. 34. 1. 

3. M. W. Renner. R .4 .  Cher~g. C. I<. Chang. and J .  Fqer. J. Phvs. Chem . 1990. 94. 8508 



HETEROCYCLES, VoI. 38, No. 7,1994 1469 

la) K. M. Barkigla. L. Chantranupong. K. M. Smith, and J .  Fajer. J. Am. Chem. SOL. 1988. 110. 7566. (bl 

K. M. Barkigia. D. S. Gattfried. S. G. Boxer, and J .  Fajer. J. Am. Chem. Sac.. 1989, I l l .  6444. lc) C & E 

NEWS. 1991. 69. 23. 

(a) R. J. Abraham. G. E. Hawkes. and K. M. Srn~th.  Tetrahedron Lett. 1974. 71. (bl C. J. Medforth. M. D. 

Berber. K. M. Smith. and J .  A. Shelnutt. Tetrahedron Letl.. 1990. 31. 3719. Lcl C. J .  Medforth and K. M. 

Smith. Tetrahedron U. 1990. 31. 5583. (dl J. A. Shelnutt. C. J .  Medforih. M. D. Berber. K. M. Barkigia. 

and K. M. Smith. J. Am. Chem. SOL. 1991, 113. 4077. 

A. B. Stone and E. B. Flelscher. J. Am. Chem Soc.. 1968. 90. 2735. 

J u s t  enough CH30H was added to make the d~sappearance of the N-H peak shown onginally a t  -1.2 

w m  

S. S. Eaton and G .  R. Eaton. J. Am. Chern. Soc.. 1977. 99. 1601. 

K. M. Barkqia. M D. Berber. J .  Fajer. C J .  Medforth. M. W. Renner, and K. M. Smxth. J. Am, Cha~&&, 

1990. l I 2 . 8 8 5 l .  

R. Waditschatka. C. Kralky. B J a u n .  J. He~nzer. and A. Eschenmoser. J. Chem. Soc.. Chem. Commun.. 

1985.1604. 

S.  S. Eaton and G. R. Ealon. J, 1974. 576. 

Received, 24th  February, 1994 


