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Abstract - Porphyrin and cyclodextrin were flexibly linked 
through one covalent bond and some of its properties in so- 

lution, especially, guest-induced, super slow diverse CD changes 

in aqueous solution are reported. 

Up to today, a variety of heme model compounds have been prepared. For example, 

so-called "picket fence",') "capped",') and "~yclophane"~) porphyrins have been re- 

ported in an attempt to make oxygen carrier models. In particular, the iron complex 

of picket fence porphyrin was an eminent model; it oxygenated reversibly at lower 

pressure of oxygen than hemoglobin does. However, the conclusive limit of these com- 

pounds as hemoglobin models was that they were insoluble in water which is the 

solvent of natural systems. Accordingly, we designed to synthesize a water-soluble 

oxygen carrier model. Thus as the first step, cyclodextrin appendedporphyrin, & (dou- 
ble bonds are deleted for clarity), and its iron complex, 11, were prepared. Unfortu- 

"/" 

nately, however, IT did not reveal the expected function. But here, we wish to de- 
%% 

scribe the synthesis of I and some of its properties in solution. Because it showed 
% 

an intriguing behavior on cyclohexanol addition which may correlate to substrate- 

induced conformational changes of enzymes. 

I was prepared according to th'e following route. 
% 

3-(2-Formyl)phenoxypropionic acid (,I,I,I) was synthesized 

from salicylaldehyde and B-chloropropionic acid under 

3H in 42% yield by the procedure to make 3-phenoxy- 

propionic acid?r5). meso-0-0-(2-Carboxy-1-ethoxy)phenyl- 

B,y,6-tri-p-tolylporphyrin (IV) was obtained from the mixed condensation of p-tolu- 
%% 



aldehyde, %&& and pyrrole in refluxing propionic acid based on the Adler-Long0 por- 
phyrin condensation procedure6) and subsequent fractionation by silica-gel chromato- 

graphy (2.5%). To prepare I, potassium salt of was reacted with monotosylated ", 
(primary alcohol site) B-cyclodextrin7) in the presence of 1 to 2 equivalent(s) of 

18-crown-6 in dimethylformamide at 90 'C. After 24 h, the solvent was removed by 

evaporation, and the residue was washed with acetone, filtered and fractionated on 

a Sephadex G-25 column twice using H20 as eluent (6%). The NMR IDMSO-d6) data 

were in complete accord with the suggested structure; 6-NH at -2.8412H.s), aromatic at 

7.39-8.12(16H.m), 6-pyrrole at 8.80 (8H,s), C2,C3-OH at 5.62(14H,s), C1-H at 4.80(7H,s), 

C6-OH at 4.4116H.s), and others at 4.2-1.9(55H,m). IR: 3350, 2925, 1730(ester), 1155, 

1080, 1027, 844, 752, 700 em-'. TLC(si1ica-gel, Merck Art.5723): Rf=O.62(n-0uOH:EtOH: 

H20=5:4:3 v/v/v). Various kinds of of spectra on in DMSO or in water are shown in 

Fig.1. Absorption and MCD spectra indicate that 5 is monomeric8) in DMSO, while spec- 
tral broadening in the Soret and red 

*3,"01rn 
10 P, " shifting of visible bands suggest $ 

9) being aggregative in water . 

0s Pig.1 Absorption(bottom), MO(middle), 

CD(top), and emsaioo(inset) spectra of I 
% 

in DMsO(-) end in 0.05 M TRIS buffer(pH 

7.3)(------) at 23~1 'C. Concentrations; 

3.72 x IO? M in DMSO except that in 

emission ~~estrum(l.46 x10-~ MI, and 1.46 

x M in water. Taking into account of 

the aggregation problem cells were changed 

from 1 to 100 m. length keeping concentrations 

I constant. In emission spectra, excitation 

was at 467 nm. Magnetic field;11700 gauss. 

In order to maximize signal to wise 

ratio, all spectra are the average of at 

least triplicate runs, the cells being re- 

versed in the second run. Unit; IBIM=deg 
2 ~m~dmol-~~-'. [ 81 =degcrn dmol-l. 

A dramatic CD change of I in water 
?I 

observed by the addition of optically 

inactive guest, cyclohexanol, is shown 
-1"" 

in Fig.2. While cyclohexanol concentrations were small, CD changed slightly. But 

when [cyclohexanol]=0.224 M was attained, an abrupt and complex CD change began to 

appear. 1t changed continuously and extremely slowly (in the order of A to D) and 
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Fig.2 CD change* of I by the additioo of eyc~oheltano~ in  water. concentrations: 2=1.46 x H, 
Ir 

(however, a t  the end of experiment., a faint  amount of precipitate was recognized). Cycloheitanol 

-0.224 H. Cell leogth=l m. Time interval: A,B=16.5 mi"., C,D-28.5 min. Some linee are omitted 

for c la r i ty .  Base l ines are neither shorn nor corrected. Numbers indicate the wavelengths a t  the 

position of i soe l l ip t ie  points.  Bold arrows indicate the direction of  CD change. (Vigorous 

s t i r r ing  prior to  measurement yielded different  spectra!). 

t o o k  almost a  f u l l  whole day  t o  r e a c h  t h e  f i n a l  s t a t e  (see a l s o  F i g .  3 .  As judged 

from t h i s  f i g u r e ,  i n c l u d i n g  t h e  i n i t i a l  a n d  t h e  f i n a l  s t a t e s  i n  a l l  6 s t a t e s  a p p e a r e d  

accompanying 7 d i s t i n c t  i s o e l l i p t i c  p o i n t s  i n  t h e  c o u r s e  o f  c o n s e c u t i v e  CD change .  

T h i s  i n d i c a t e s t h a t  t h e  s t e p w i s e  CD change proceeded  v i a  s e v e r a l  o f  independent  s t a t e s .  

During t h i s  v a r i a t i o n ,  t h e  S o r e t  a b s o r p t i o n  s p e c t r u m a l s o  changed m a n i f o l d l y  b u t t h e i r  

s h a p e s  were a l l  f a r  f rom t h a t  o f  a  t y p i c a l  monomeric one .  Thus t h e  above  mentioned 

CD change seems t o  o c c u r  r e t a i n i n g  a g g r e g a t i v e  fo rms ,  p l a u s i v e l y  w i t h  p o r p h y r i n  moi- 

eties o f  two Is i n  sandwich f a s h i o n .  I t  is a l s o  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  c r i t i c a l  
"" 

C o n c e n t r a t i o n  e x i s t s  f o r  g u e s t  molecu le  t o  change  1's conformat ion .  I f  adamantane 
"" 

c a r b o x y l i c  a c i d  which is t o o  l a r g e  t o  be f u l l y  accommodated i n t o  t h e  c a v i t y  o f  B- 

c y c l o d e x t r i n  moie ty  was a d o p t e d  i n s t e a d  as a n  a d d i t i v e ,  s u c h  a  behavior  was n o t  ob- 

s e r v e d .  T h i s  f a c t  s u g g e s t s  t h a t  d e e p  i n c l u s i o n  of  g u e s t  molecu les  by k c y c l o d e x t r i n  

m o i e t y  was i n d i s p e n s a b l e  t o  a n d  a t r i g g e r  f o r  t h e  d i v e r s e  c o n f o r m a t i o n a l  changes.  

F i g u r e  3 d e m o n s t r a t e s  t h e  t i m e  dependence o f  CD i n t e n s i t y  a t  some wave lenghths ,  

r e p l o t t e d  from t h e  d a t a  i n  F ig .2 .  The smooth i n t e n s i t y  change d u r i n g  more t h a n  20 h 



is emphasized. One reason for this is 

perhaps the steric interaction between 

a large porphyrin and cyclodextrin 

Structure. 

Thus the synthesis of 2 and its 
7; guest-induced diverse conformational 
- 2  
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In order to prepare better oxygen 

Fig. 3. tim depenaence of Cn intensity carrier model, the synthesis of "a 

at 400 (...), 422 (XXX ) , and 438 (000) m. porphyrin capped cyclodextrin" is now 

under way in this laboratory. 
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changes are reported. Such a behavior 

may be to become a model to substrate- 

induced conformtional changes of 

enzymes. 


