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EXPANDED PORPHYRINS:  THE SYNTHESIS AND METAL 
B I N D I N G  PROPERTIES OF NOVEL TRIPYRRANE-CONTAINING 
MACROCYCLES 

JONATHAN L .  SESSLER*, MARTIN R .  JOHNSON, VINCENT 
LYNCH, AND TOSHIAKI MURAI 
Department of Chemistry, Un ive r s i ty  of Texas, 
Aust in ,  Texas 78712 

(Received April 18.1988) 

Abstract Novel t r i p y r r a n e  macrocycles have been 
prepared  b y  t h e  Schi f f  base condensat ion of 2,5- 
b~s-(3-ethyl-5-formyl-4-methyl-pyrrol-2-ylmethyl)- 
3 ,4 -d ie thy lpyr ro l e  and s imple diamines.  The 
s t r u c t u r a l l y  cha rac t e r i zed  macrocycle 1 forms 1:l 
complexes w i t h  bo th  Rh(1) and Zn(I1)  c a t i o n s  i n  
which t h e  metal i s  coord ina ted  only t o  t h e  imine 
n i t rogens .  I n  t h e  presence  of C d ( I 1 )  and oxygen, 
however, compound 1 i s  oxid ized  t o  t h e  a romat ic  
pen taden ta t e  "expanded porphyrin"  macrocycle 5 ,  
i n t o  which t h e  metal c a t i o n  is  f u l l y  complexed. 

Keywords: Porphyrins, novel tripyrrane macrocycles, Schiff base condensation 

Large po lypyr ro le  macrocycles have been the s u b j e c t  of 
i n c r e a s i n g  a t t e n t i o n  i n  recent  years .  Most work wi th  
t h e s e  s y s t e m s  has  been concerned w i t h  exp lo r ing  t h e i r  
phys i ca l ,  chemical,  and s t r u c t u r a l  propert ies .1-5 
R e l a t i v e l y  l i t t l e  work has  been devoted t o  exp lo r ing  
t h e  metal b inding  behavior.6-7 
chemistry of pyrro le-conta in ing  nonporphyrin macro- 
cyc le s ,  however, could prove i n t r i g u i n g :  Unusual 
ox ida t ion  s ta tes ,  coord ina t ion  geometr ies ,  o r  metal  
complexes might be s t a b i l i z e d  i n  s u i t a b l y  designed 
s y s t e m s .  W e  p r e sen t  here  t h e  r e s u l t s  of i n i t i a l  metal  
b inding  s t u d i e s  f o r  our  newly prepared t r i p y r r a n e -  
con ta in ing  macrocycle 18 and r e p o r t  t h e  i s o l a t i o n  of 
t h e  "expanded porphyrin" 5 as i t s  cadmium Complex. 

T h e  coord ina t ion  
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100 J. L. SESSLER et al. 

Recent ly ,  w e  developed a convenient  s y n t h e s i s  of 

t h e  t r i p y r r a n e - c o n t a i n i n g  macrocycles,  1 and 28 and 
have now extended t h i s  s y n t h e t i c  s t r a t e g y  t o  produce 
3.9 
t h e  acid c a t a l y z e d  Schiff  base condensa t ion  of 2,5-bis- 
(3-ethyl-5-formyl-4-methyl-pyrrol-2-ylmethy)-3,4-di-  
e t h y l p y r r o l e  ( 4 ) *  w i t h  the  a p p r o p r i a t e  diamine as shown 
i n  Scheme I .  Somewhat h i g h e r  y i e l d s  have been o b t a i n e d  
u s i n g  an  a c i d  c a t a l y z e d ,  Pb2+ templa ted  p r o c e d u r e . 8  It 

should  be noted  t h a t  compounds 1-3 a r e  l i n k e d  by s a t u r -  
ated methylene bridges and hence d i s p l a y  many of t h e  
p r o p e r t i e s  expec ted  f o r  porphyrinogens.1° 
f o r  i n s t a n c e ,  n e a r l y  colorless and are e a s i l y  o x i d i z e d .  

Compounds 1-3 w e r e  p r e p a r e d  i n  up t o  45% y i e l d  by 

They are, 

OHC CHO 
H H H 

4 

+ 
H2N- R- NH2 

B = - CH2CH2CHZCH2 - 
C = -CH,CH20CH&H2OCH2CH2- 

A =  

Scheme I 

1. R = A  
2. R = B  
3. R=C 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
2
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



EXPANDED PORPHYRINS 101 

Depending on t h e  choice of work up condi t ions ,  
t h e  macrocycles prepared by t h e  above procedures  are 

obta ined  a s  e i t h e r  t h e  free-base o r  pro tona ted  forms. 
The l a t t e r  are g e n e r a l l y  c r y s t a l l i n e .  This  has  a l lowed 
t h e  X-ray s t r u c t u r e  of 1-HSCN t o  be solved (F ig  1).8 
The n i t r o g e n  of t h e  SCN- counter  anion i s  wi th in  hydro- 
gen bonding d i s t ance  of t h e  var ious  NH pro tons  ( three 

p y r r o l e s  and t h e  pro tona ted  imine) .  A p r o j e c t i o n  of 

t h e  t h r e e  dimensional s t r u c t u r e  on to  t h e  mean p lane  of 
t h e  system g ives  an es t imated  center- to-ni t rogen va lue  
of 2 . 5  w f o r  t h e  nea r ly  c i r c u l a r  i nne r  core .  
c a v i t y  s i z e  of 1 t h u s  appears  t o  be l a r g e r  than  t h a t  of 
t h e  free-base porphyrins  f o r  which corresponding dis- 

t a n c e s  of c a .  2 . 0  t o  2 . 1  a r e  observed . l l  Compound 
1 i s  t h e r e f o r e  expected t o  be an i n t e r e s t i n g  system 
w i t h  which t o  explore  t h e  metal  b inding  p r o p e r t i e s  of 
pyr ro le -conta in ing ,  nonporphyrin macrocycles.  

The 

F igure  1 X-ray s t r u c t u r e  of 1-RSCN 
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102 J. L. SESSLER et ul. 

Treatment of the colorless macrocycle 1 with 
tetracarbonyl-p-chlorodirhodium(1) in benzene followed 
by purification (recrystallization from dichloro- 
methane-hexane) led to the isolation of a green micro- 
crystalline material in 48% yield. On the basis of the 
available dataf9 this compound was characterized as a 
1:l Rh(1) complex l-Rh(CO),Cl. In making this assign- 

ment, the proton NMR spectrum was particularly diag- 
nostic. All features for the Rh(1) complex are essen- 
tially identical to those of the starting ligand 1 
except for those associated with the internal pyrrole 
NH protons. These are shifted upfield as compared to 
the free-base form of macrocycle 1, with the degree of 
shift in these signals being greatest for the two imine 
substituted pyrroles (Table I). That these NH peaks are 
detected at all in the lH-NMR, however, is critical. 
It indicates that the Rh(1) fragment is bound in an q2 
fashion and suggests that the tripyrrane subunit does 
not participate in metal binding. An X-ray crystal 
structure determination is currently being attempted in 
an effort to support this analysis. 

TABLE I Chemical shifts for pyrrole NH protons. 

Compound N-H Shifts in C D C 1 3  (PPm) 

1 12.57 11.12 
1 -#SCN 11.53 9.79 
l.Rh(C0)2Cl 10.30 9.99 
1 - ZnClp 10.65 9.42 

5 * CdCl ----- ----- 
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EXPANDED PORPHY RINS 103 

When z i n c  c h l o r i d e  i s  r eac t ed  with compound 1, a 
pink s o l i d  i s  obta ined .  The poor s o l u b i i i t y  of t h i s  
material  has  hampered NMR and o t h e r  ana lyses .  AS a 
r e s u l t ,  a d e f i n i t i v e  s t r u c t u r a l  assignment f o r  t h i s  
subs tance  i s  not  ye t  p o s s i b l e .  C I  m a s s  spectrometry 
r e v e a l s  a set  of peaks which are c o n s i s t e n t  with a 1:l 
z i n c  complex i n  which t h e  z i n c  i s  bound i n  e i t h e r  a 92 
fash ion  t o  t h e  two imines o r  i n  a q4 f a sh ion  t o  an 

oxid ized  form of 1 i n  which one of t h e  b r idg ing  methyl- 
enes  has  been converted t o  a methine. The observa t ion  
of two peaks i n  t h e  poorly reso lved  IH-NMR f o r  t h e  
p y r r o l e  NH pro tons  (Table I ) ,  sugges ts  t h a t  t h e  f irst  

of t h e s e  s t r u c t u r e s  i s  c o r r e c t .  Important ly ,  t h e  

a d d i t i o n  of py r id ine  causes  t h e  spectrum t o  revert t o  
t h a t  of 1. This sugges ts  t h a t  t h e  metal i s  no longer  
c h e l a t e d  and suppor ts  t h e  s t r u c t u r a l  assignment.  

Markedly d i f f e r e n t  behavior i s  observed when cad- 
mium c h l o r i d e  i s  reacted w i t h  1 under ae rob ic  condi- 
t i o n s .  In  t h i s  case, a s t rong ly  absorbing green 
m a t e r i a l  i s  i s o l a t e d  i n  30% y i e l d  which d i s p l a y s  prop- 
er t ies  c o n s i s t e n t  only with t h e  s t r u c t u r e  shown i n  F ig .  
L9 For in s t ance ,  no py r ro l e  NH s i g n a l s  are observed 
i n  t h e  1H-NMR and no s i g n a l s  are seen f o r  t h e  b r idg ing  

methvlene pro tons ;  r a t h e r ,  a new set  of meso-like peaks 
f o r  t h e  b r idg ing  methlne ' protons  i s  observed a t  11.30 
ppm. Under t h e  r e a c t i o n  condi t ions  t h e  macrocycle 1 i s  
apparent ly  oxid ized  t o  form the aromatic pentadentate 
l i g a n d  5 ,  which i s  i s o l a t e d  i n  t h e  form of i t s  cadmium 
complex, 5.CdC1. A more complete r epor t  of t h e  f a s c i -  
n a t i n g  p r o p e r t i e s  of t h e  novel "expanded porphyrin" 
macrocycle 5 w i i l  appear elsewhere.12 
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104 J. L. SESSLER et al. 

F i g u r e  2 5.CdCl 
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