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INTRODUCTION

The utilization of porphyrins and hydroporphyrins in, 
for example, cancer photodynamic therapy [1–4], photo-
antifungal [5] and -antimicrobials [6], as fluorescence 
labels [7], fluorescence or photoacoustic imaging agents 
[4, 8-15], or in vivo chemosensors [16, 17] requires their 
solubility in aqueous biological media. Aqueous solubility 
is frequently also wanted for their utilization in a number 
of technical applications, such as (photo)catalysis [18–20] 
or chemosensing [21]. While water solubility of the 
porphyrins can be mediated by surfactants or their incor-
por ation into liposomes [22–24], their inherent aqueous 

solubility is often more practical and thusly more 
desirable.

Early and effective efforts to impart water-solubility 
onto meso-arylporphyrins, the most commonly used class 
of fully synthetic porphyrins [25], relied on the introduction 
of cationic or anionic meso-aryl substituents, such as 
pyridinium-, ammonium-, phosphonate-, sulfonate-, or 
carboxylate-functionalities [26]. Examples are the classic 
tetrasulphonated porphyrin 1, the tetracationic tetrakis-
pyridinium porphyrins, but also newer examples, like 
octacarboxylate 2 (Fig. 1) [27]. These porphyrins are 
generally prepared via Adler-type syntheses of suitably 
(neutral) precursors, followed by their direct sulfonation, 
quaternization, or modification with esters and subsequent 
saponification, respectively. 

While successful in generating water-soluble por-
phyrins, these methods have drawbacks; for instance, 
the sulfonation reaction condition in particular is harsh. 
Lindsey and co-workers presented a series of structurally 
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diverse swallowtail porphyrins [28] (and hydroporphyrins 
[29]) made by total syntheses that elegantly circumvented 
such harsh post-macrocycle synthesis functional group 
manipulations to fashion water-soluble derivatives, such 
as compound 3, shown to be suitable for bio-conjugation 
to monoclonal antibodies [30, 31]. We also note the 
small molecular weight of this compound. However, the 
chromatographic purification of polyionic porphyrins 
can be difficult [26].

An alternative method to impart water-solubility 
into charge-neutral porphyrins late in their synthetic 
sequence is their conjugation to polyethylene glycols 
(PEG) moieties [26, 32, 33]. One example among the 
meso-aryl series is PEG-based dendrimer-modified com-
pound 4 [26]. Aqueous media solubility could also be 
achieved, inter alia, by conjugation of the porphyrins 
to oxygen-rich polar molecules like cyclodextrans [34], 

(unprotected) sugars [35, 36], or PEGs [26]. However, in 
order to achieve the high overall oxygen contents needed 
to achieve water-solubility, their molecular weight 
increased, often drastically (cf. compound 4).

The lowest molecular weight porphyrin, archetype 
porphin C20H14N4, exhibits low solubility in any solvent 
[37, 38]. Meso-substitution, on the other hand, generally 
is efficient in preventing porphyrin macrocycle p–p 
aggregation and thusly improving their solubility. This 
suggests the replacement of the meso-aryl groups by 
small, possibly non-aromatic oxygen/heteroatom-
rich entities, such as furanyl- [39, 40], hydropyranyl-, 
morpholinyl-, or dioxanyl-moieties, etc., or even just 
short PEG chains. Only an astonishingly small number 
such, and related, systems have been described, 
among them (water-soluble and unprotected) meso-
carbohydrate-substituted porphyrins [41–46]. On the 

Fig. 1. Examples of literature-known water-soluble porphyrins.
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d o w nsi d e,  t h e  c h e mi c al  st a bilit y  of  s o m e  p yr a n os yl-
s u bstit ut e d p or p h yri ns w as d es cri b e d as b ei n g l o w [ 4 1] 
or t h e s ol u bilit y of t h e h y dr o x y- pr ot e ct e d d eri v ati v es i n 
a q u e o us s ol uti o n w er e n ot s p e ci fi e d [ 4 6]. K n o w n m es o -
f ur a n yl- [ 3 9, 4 0] a n d -( 1, 3- dit hi a n- 2- yl) p or p h yri ns [ 4 7] 
ar e n ot s uf fi ci e ntl y w at er-s ol u bl e. O utsi d e of t h e p at e nt 
lit er at ur e  [ 4 8],  m es o - di o x a n yl-s u bstit ut e d  p or p h yri ns  
h a v e  n ot  b e e n  d es cri b e d.  H o w e v er,  w e  ar e  als o  a w ar e  
t h at s e e mi n gl y si m pl e p or p h yri ns m a y s h o w u n e x p e ct e d 
s ol u bilit y or c o nf or m ati o n al eff e cts [ 4 7, 4 9 – 5 1].

T his c o ntri b uti o n d es cri b es o ur pr eli mi n ar y r es ults o n 
t h e f or m ati o n a n d pr o p erti es of t h e 4 ×  1 a n d 2 +  2-t y p e 
s y nt h es es a n d a q u e o us s ol u bilit y of m es o -t etr a( di o x a n yl)
p or p h yri n,  a  n o v el  s m all  m ol e c ul ar  w ei g ht  p or p h yri n  
wit h c o nsi d er a bl e s ol u bilit y i n a q u e o us s ol uti o n.

R E S U L T S A N D DI S C U S SI O N

S y nt h esis of di o x a n yl al d e h y d e 9

Cr u ci al  st arti n g  m at eri als  i n  t h e  s y nt h es es  of  m es o -
s u bstit ut e d  di p yrr o m et h a n es,  s o m e  2  +  2  s y nt h es es  of  
p or p h yri ns  utili zi n g  t h es e  di p yrr o m et h a n es,  a n d  4  ×  
1-t y p e  s y nt h es es  of  p or p h yri ns  ar e  s uit a bl e  al d e h y d es  
c arr yi n g t h e f ut ur e m es o -s u bstit u e nt. A s uit a bl e al d e h y d e, 
di o x a n- 2- yl- c ar b al d e h y d e 9 ,  pr e p ar e d  i n  t hr e e  st e ps  
fr o m  c o m m er ci all y  a v ail a bl e  r a c e mi c  e pi c hl or o h y dri n  
5 r a c ( S c h e m e  1),  is  k n o w n  [ 5 2].  I n  s h ort,  r e a cti o n  of  
e pi c hl or o h y dri n 5 r a c wit h  2 -c hl or o et h a n ol  g e n er at e d  

t h e ri n g o p e n e d et h er 6  t h at u n d er w e nt a b as e-i n d u c e d 
ri n g- cl os ur e  t o  f or m  e p o xi d e  7 r a c.  U n d er  m or e  f or ci n g  
b as e c o n diti o ns, it u n d er w e nt a n i ntr a m ol e c ul ar e p o xi d e 
o p e ni n g,  f or mi n g  t h e  i nt er m e di at e  al c o h ol  di o x a n yl-
2- h y dr o x y m et h yl 8 r a c  [ 5 2,  5 3].  T h e  fi n al  st e p  is  t h e  
o xi d ati o n  of  t h e  al c o h ol  t o  t h e  fi n al  al d e h y d e.  I nst e a d  
of  t h e  S w er n  o xi d ati o n  d es cri b e d  b y  C us h m a n  a n d  
c o- w or k ers  [ 5 3],  w e  r es ort e d  t o  a n  o xi d ati o n  usi n g  a n  
o x o a m m o ni u m s alt ( B o b bitt’s s alt) f or t h e si m pli cit y of 
t his o xi d ati o n pr ot o c ol a n d t h e a bs e n c e of m al o d or o us 
si d e pr o d u cts [ 5 4, 5 5]. M ost si g ni fi c a nt i n t his r e a cti o n 
s e q u e n c e is t h e f a ct t h at st arti n g fr o m e n a nti o m eri c all y 
p ur e ( a n d als o c o m m er ci all y a v ail a bl e) e pi c hl or o h y dri ns 
5 S /5 R , t h e e n a nti o m eri c all y p ur e di o x a n yl al d e h y d es 9 R /9 S , 
r es p e cti v el y, c a n als o b e pr e p ar e d [ 5 3].

4 ×  1 S y nt h esis of m es o -t et r a di o x a n yl p o r p h y ri ns 1 1 

R e a cti o n  of  t h e  r a c e mi c  di o x a n yl c ar b al d e h y d es  
9 r a c u n d er  A dl er  c o n diti o ns  [ 5 6]  f ail e d  t o  pr o d u c e  a n y  
p or p h yri n.  U n d er  Li n ds e y  c o n diti o ns  [ 5 7]  ( S c h e m e  1),  
w e r etri e v e d tr a c es of a p ur pl e pr o d u ct wit h a p or p h yri n-
t y p e U V- vis s p e ctr u m, t h e e x p e ct e d c o m p ositi o n f or t h e 
t ar g et m es o -t etr a di o x a n yl p or p h yri n 1 1 r a c ( as  pr o b e d  b y  
H R- M S,  E SI +  m o d e),  b ut  t h e  1 H  N M R  s p e ctr os c o pi c  
a n al ys es of t his fr a cti o n i n di c at e d t h e pr es e n c e of m a n y 
pr o d u cts  w e  f o u n d  i ntr a ct a bl e.  T his  w as  attri b ut e d  t o  
t h e  pr es e n c e  of  a  h ost  of  di ast er e o m ers.  It  w as  fi n all y  
d e ci d e d t o si m plif y t h e s y nt h es es a n d a b a n d o n t h e us e of 
t h e r a c e mi c mi xt ur e of t h e al d e h y d e (9 r a c).

S c h e m e 1.  S y nt h eti c r o ut e t o w ar d r a c e mi c di o x a n yl c ar b al d e h y d es 9  fr o m c o m m er ci all y a v ail a bl e e pi c hl or o h y dri ns 5  a n d t h eir 

c o n v ersi o n al o n g 4 ×  1 or 2 +  2-t y p e s y nt h eti c r o ut es t o titl e p or p h yri n 1 1 . a Yi el d fr o m lit er at ur e [ 5 3]. b Yi el d fr o m lit er at ur e [ 5 2].
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I n d e e d, t h e us e of c hir al al d e h y d e 9 R  u n d er Li n ds e y 
c o n diti o ns  g e n er at e d  a  si n gl e  is o m er  of  a  pi n k  
p or p h yri n 1 1 S  i n 2 – 3 % yi el d ( S c h e m e 1). B al a b a n a n d 
c o- w or k ers  pr e p ar e d  a  r a n g e  of  m es o - al k yl p or p h yri ns 
usi n g M o nt m orill o nit e cl a y as c at al ysts i n t h e pr es e n c e 
of  3  Å  m ol e c ul ar  si e v es  [ 5 8].  W h e n  t h es e  c o n diti o ns  
w er e  a p pli e d  t o  t h e  c hir al  al d e h y d e  9 R ,  t h e  s a m e  pi n k  
pr o d u cts 1 1 S  w er e o bt ai n e d as a p ur e fr a cti o n p oss essi n g 
i d e nti c al a n d p or p h yri n-li k e U V- vis s p e ctr u m ( Fi g.  2 a) 
i n  i m pr o v e d,  al b eit  still  m o d est,  yi el ds  of  3 – 6 %.  
N o n et h el ess, t his all o w e d t h e pr e p ar ati o n of a b o ut 4 0 m g 
of t his p or p h yri n p er b at c h at a h alf- gr a m al d e h y d e s c al e. 
F or t h e c h ar a ct eri z ati o n of p or p h yri n 1 1 S , s e e b el o w.

2 +  2 S y nt h esis of m es o -t et r a di o x a n yl p o r p h y ri ns 1 0S

T h e 2 +  2-t y p e s y nt h es es of p or p h yri ns ar e t y pi c all y 
a p pli e d  f or  t h e  s y nt h esis  of  A 2 B 2 -t y p e  s yst e ms  [ 5 9],  
b ut  it  w as  f elt  t h at  t his  a p pr o a c h  t o w ar d  t h e  t ar g et  
A 4 - p or p h yri n  c o ul d  b e  a d v a nt a g e o us.  T h e  s y nt h esis  
of  t h e  di p yrr o m et h a n e  b uil di n g  bl o c k  1 0 S  fr o m  t h e  
c orr es p o n di n g  e n a nti o- p ur e  al d e h y d e  9 R  u n d er  t h e  
o pti mi z e d  Li n ds e y  c o n diti o ns  t h at  als o  a v oi d e d  a n y  
c hr o m at o gr a p hi c w or k u p [ 6 0] w as str ai g ht-f or w ar d a n d 
yi el d e d t h e pr o d u ct as a n off- w hit e p o w d er i n 3 5 % yi el d 
( 4 0 0  m g  p er  5 8 0  m g  al d e h y d e).  Its  1 H  a n d  1 3 C  N M R  
s p e ctr a s h o w e d all t h e di a g n osti c si g n als f or t h e p yrr ol yl- 
a n d di o x a n yl- m oi eti es, as w ell as t h e h y dr o g e n at o m at 
t h e c e ntr al s p3 - h y bri di z e d c ar b o n at o m (f or d et ails, s e e 
E SI).  T his  di p yrr o m et h e n e  w as  us e d  wit h o ut  f urt h er  
p uri fi c ati o n.

A  2  +  2  s y nt h esis  usi n g  di p yrr o m et h a n e  1 0 S  a n d  
al d e h y d e 9 R  u n d er t h e st a n d ar d a ci d- c at al y z e d c o n diti o ns 
[ 6 1,  6 2]  g e n er at e d  t h e  c orr es p o n di n g  p or p h yri n  1 1 S  i n  
2 3 % yi el d ( S c h e m e 1). B as e d o n t h e a m o u nt of al d e h y d e 
r e q uir e d  o v er  t h e  t w o  st e ps,  t his  yi el d  is  o nl y  sli g htl y  
hi g h er t h a n i n t h e b est 4 ×  1 s y nt h esis of t h e p or p h yri n, 
b ut t h e r e a cti o ns ar e r o b ust, m or e r e a dil y s c al a bl e, a n d 
t h e pr o d u ct p or p h yri n is r e a dil y is ol at e d. N o pr e m at ur e 
d e c o m p ositi o n  d uri n g  t h e  h a n dli n g,  zi n c  i ns erti o n  (s e e  
b el o w), or c hr o m at o gr a p hi c p uri fi c ati o n of t h e p or p h yri n 
w as n oti c e d.

T h e  i ns erti o n  of  t h e  zi n c  i nt o  t h e  fr e e  b as e  1 1 S  
pr o c e e d e d,  as  e x p e ct e d,  u n d er  mil d  a n d  st a n d ar d  
c o n diti o ns  [ 6 3]  ( S c h e m e  1).  M et al  i ns erti o n  r es ult e d  
i n  t h e  e x p e ct e d  c h a n g es  i n  t h e  o pti c al  s p e ctr a  of  t h e  
p or p h yri n ( Fi g. 2 b). M et al i ns erti o n is als o i n di c at e d b y 
t h e dis a p p e ar a n c e of t h e i n n er N H pr ot o n si g n als i n t h e 
1 H N M R of t h e pr o d u ct (s e e E SI f or d et ails).

S p e ct r os c o pi c c h a r a ct e ri z ati o n of t h e  
m es o -t et r a di o x a n yl p o r p h y ri ns a n d its zi n c 
(II) c o m pl e x

T h e U V- vi s a n d fl u or e s c e n c e e mi s si o n s p e ctr a of fr e e 
b a s e di o x a n yl p or p h yri n 1 1 S  a n d it s zi n c c o m pl e x 1 1 S Z n  
i n  C H2 Cl 2  ar e,  a s  e x p e ct e d,  t y pi c al  f or  a  p or p h yri n/
m et all o p or p h yri n  [ 6 4]  ( Fi g.  2,  Ta bl e  1):  S h ar p  S or et  

b a n d s  a n d,  f or  t h e  fr e e  b a s e,  f o ur  Q- b a n d s  wit h  t h e  
l m a x  b a n d at 6 4 7 n m, a n d a t w o- b a n d e mi s si o n wit h a 
s m all  St o k e’s  s hift.  T h e  v er y  w e a k  a b s or b a n c e  of  t h e  
l o n g e st w a v el e n gt h of a b s or b a n c e w a s n ot e d at 6 4 7 n m. 
T h e  c orr e s p o n di n g  p e a k s  of  t h e  s p e ctr a  i n  H 2 O  ar e  
o nl y sli g htl y s hift e d, s u g g e sti n g n o m aj or a g gr e g ati o n, 
alt h o u g h  t h e  r ati o  of  t h e  i nt e n sit y  of  t h e  S or et  b a n d  
t o  t h e  si d e  b a n d s  i s  r e d u c e d.  A s  c o ul d  h a v e  b e e n  
e x p e ct e d [ 3 1,  6 5], t h e fl u or e s c e n c e q u a nt u m yi el d of t h e 
c o m p o u n d s i n ( o x y g e n at e d) H 2 O i s o nl y a b o ut 5 0 % of 
t h at of t h e c o m p o u n d s i n C H2 Cl 2 .

T h e 1 H  N M R  s p e ctr u m  of  t h e  di o x a n yl p or p h yri n  
1 1 S  s h o ws t h e di a g n osti c si g n als f or a 4-f ol d s y m m etri c 
m es o -s u bstit ut e d  p or p h yri n  ( Fi g.  3):  a  s h ar p  si n gl et  
( at  9. 9 6  p p m,  4 H)  assi g n e d  t o  t h e  β - pr ot o ns  a n d  t h e  
m u c h  hi g h- fi el d  s hift e d  i n n er  N H  pr ot o n  si g n al,  h er e  
at  - 2. 8  p p m  ( 1 H).  T his  als o  s u g g ests  t h e  a bs e n c e  of  
a n y  di ast er e o m ers  (i n cl u di n g  atr o pis o m ers,  at  2 5 ° C).  
B e c a us e of t h e vi ci nit y t o t h e di atr o pi c ri n g c urr e nt, all 
of t h e di o x a n yl pr ot o ns ar e m u c h m or e s hift e d a n d b ett er 
r es ol v e d t h a n t h os e i n t h e al d e h y d e or di p yrr o m et h a n e 
(s e e E SI). S u p p ort e d b y H, H- C O S Y s p e ctr a (s e e E SI), 

Fi g.  2.  U V- vis  a bs or pti o n  (s oli d  tr a c es)  a n d  fl u or es c e n c e  

e missi o n s p e ctr a ( br o k e n tr a c es) of 1 1 S  ( A) a n d 1 1 S Z n  ( B) i n 

C H 2 Cl 2  (r e d  tr a c es)  a n d  p ur e,  o x y g e n at e d  H 2 O  ( bl u e  tr a c es);   

l e x cit ati o n  =  l S or et . T h e m ulti pli c ati o n f a ct ors list e d als o r e fl e ct t h e 

c o n c e ntr ati o n i n cr e as e. 
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t h e d d at 4. 9 p p m ( 2 H) w as assi g n e d t o t h e pr ot o n at t h e 
i ps o-c ar b o n, t h e m u c h-s e p ar at e d d at 7. 1 9 a n d 4. 2 8 p p m 
( 2 H  e a c h)  t o  di ast er e ot o pi c  m et h yl e n e  pr ot o ns  at  t h e  
C 3- p ositi o n, a n d t h e t w o m ulti pl ets at 4. 5 8 a n d 4. 4 5 p p m 
( 4 H e a c h) t o t h e t w o di ast er e ot o pi c r e m ai ni n g m et h yl e n e 
pr ot o ns ( at C 5 a n d C 6).

A q u e o us s ol u bilit y of t h e m es o -
t et r a di o x a n yl p o r p h y ri ns 1 1S  a n d 1 1S Z n

I n t h eir s oli d f or ms, t h e m es o -t etr a di o x a n yl p or p h yri ns 
1 1 S  a n d 1 1 S Z n  d o n ot diss ol v e i n a q u e o us s ol uti o ns. B ut 
b ot h 1 1 S  a n d  1 1 S Z n  r e a dil y  diss ol v e  i n  m et h a n ol  a n d  
w e s u c c essi v el y a d d e d ali q u ots of c o n c e ntr at e d ( 3 3 a n d 
5 0 m g/ m L, r es p e cti v el y) s ol uti o ns of t h e p or p h yri ns i n 
m et h a n ol  t o  w at er  t o  a c c ess  t h e  s ol u bilit y  i n  a q u e o us  
s ol uti o ns.  M et h a n ol  c o n c e ntr ati o n  aft er  a d diti o n  of  
ali q u ots  w as  m ai nt ai n e d  w ell  b el o w  0. 2 %  t o  a v oi d  
its  i n fl u e n c e  o n  s ol u bilit y  of  t h e  p or p h yri n  i n  w at er.  
Usi n g  U V- vis  s p e ctr os c o p y,  w e  o bs er v e d  at  w hi c h  
c o n c e ntr ati o n w e c o ul d d et e ct t h e first si g ns of t ur bi dit y 
( el e v ati o n  of  b as eli n e)  a n d/ or  c h a n g es  i n  t h e  U V- vis  

t h at  c o ul d  i n di c at e  a g gr e g ati o n  (s e e  E SI).  Fr e e  b as e  
di o x a n yl p or p h yri n 1 1 S  e x hi bit e d  a n  a q u e o us  s ol u bilit y  
of,  c o ns er v ati v el y  esti m at e d,  >  t h a n  0. 0 5  m g/ m L  a n d  
li k el y e x c e e di n g 0. 1 m g/ m L ( 1. 5 ×  1 0- 4 m ol/ L) ( at w hi c h 
p oi nt  t h e  a q u e o us  s ol uti o n  c o nt ai n e d  l ess  t h a n  0. 2 %  
M e O H). T h e c orr es p o n di n g zi n c c o m pl e x pr o v e d t o b e 
a b o ut t wi c e as s ol u bl e, wit h a s ol u bilit y e x c e e di n g > 0. 2 0 
m g/ m L ( 2. 8 ×  1 0- 4 m ol/ L).

C O N C L U SI O N S

T h e  k e y  ai m  of  t his  st u d y  —  t h e  s y nt h esis  of  a    
l o w- m ol e c ul ar  w ei g ht,  n e utr al,  y et  w at er-s ol u bl e  
p or p h yri n — c o ul d b e a c c o m plis h e d. T h us, t h e s y nt h esis 
of m es o -t etr a( di o x a n- 2- yl) p or p h yri n  usi n g  t h e  k e y  
i nt er m e di at e di o x a n- 2- c ar b al d e h y d e is p ossi bl e. U nli k e 
t h e  s u g ar- d eri v e d  m es o - p yr a n os e- b as e d  p or p h yri ns,  
h o w e v er,  t h e  s y nt h esis  of  t h e  titl e  c o m p o u n d  di d  n ot  
r e q uir e a n y pr ot e cti o n gr o u p str at e gi es a n d it is c h e mi c all y 
st a bl e. T h e k e y i nt er m e di at e di o x a n- 2- c ar b al d e h y d e c a n 
b e s y nt h esi z e d i n st er e os el e cti v e f as hi o n fr o m c hir al a n d 

T a bl e 1.  U V- vis a bs or pti o n a n d fl u or es c e n c e e missi o n p e a ks a n d fl u or es c e n c e q u a nt u m y eil ds of 1 1 S  a n d 1 1 S Z n  i n C H2 Cl 2  a n d H2 O.

C o m p o u n d S ol v e nt U V- vis A bs or b a n c e [ n m] Fl u or es c e n c e E missi o n [ n m] Fl u or es c e n c e Q u a nt u m Yi el d

1 1 S C H 2 Cl 2 4 1 6 ( S or et), 5 1 5, 5 4 6 5 9 0, 6 4 7 n m 6 5 6, 7 2 0 n m 0. 0 3 0 a

1 1 S H 2 O ( air) 4 1 5 ( S or et), 5 1 9, 5 4 7, 5 9 2, 6 4 9 n m 6 5 0, 7 0 6 n m 0. 0 1 4 a

1 1 S Z n C H 2 Cl 2 4 1 7 ( S or et), 5 5 1 n m 5 9 8, 6 4 8 n m 0. 0 3 6 b

1 1 S Z n H 2 O ( air) 4 1 8 ( S or et), 5 5 8 n m 6 5 4, 6 1 0 n m 0. 0 1 7 b

a  m es o -t etr a p h e n yl p or p h yri n i n C H2 Cl 2  u s e d as st a n d ar d ( f  =  0. 1 3); b  [m es o -t etr a p h e n yl p or p h yri n at o] zi n c(II) i n C H2 Cl 2  u s e d as 

st a n d ar d ( f  =  0. 0 3 3) [ 6 6].

Fi g. 3.  1 H N M R ( 4 0 0 M H z, C D Cl 3 ) s p e ctr u m of m es o -t etr a((S )- 1, 4- di o x a n yl) p or p h yri n 1 1 S .
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c o m m er ci all y a v ail a bl e st arti n g m at eri als i n t hr e e st e ps. 
T h e pr es e n c e of o n e st er e o c e nt er i n e a c h m es o -s u bstit u e nts 
p os es c h all e n g es a n d o p p ort u niti es. T h e c h all e n g es aris e 
fr o m t h e cr e ati o n of a c o m pl e x mi xt ur e of a n u m b er of 
di ast er e o m eri c p or p h yri ns u p o n utili z ati o n of a r a c e mi c 
mi xt ur e  of  t h e  al d e h y d e.  T h e  o p p ort u niti es  aris e  fr o m  
t h e a bilit y t o g e n er at e t h e e n a nti o m eri c all y p ur e is o m ers 
of t h e p or p h yri n, as d e m o nstr at e d f or t h e t etr a-(( S )- 1, 4-
di o x a n yl) p or p h yri n 1 1 S  a n d  its  zi n c  c o m pl e x  1 1 S Z n 
(t h o u g h  dir e ct  e vi d e n c e  of  t h eir  st er e o c h e mi c al  p urit y  
w as n ot s h o w n). T h e n e utr al pr o d u cts s h o w c o nsi d er a bl e 
(f or a p or p h yri n) s ol u bilit y i n a q u e o us s ol uti o ns ( 1 – 3 ×  
1 0 - 4 m ol/ L r a n g e).

T h e  pr e p ar ati o n  of  t h e  e n a nti o m eri c  a n al o g u es  t o  
1 1 R /1 1 R Z n ,  t h e  st u d y  of  t h eir  c hir o pti c  pr o p erti es,  t h e  
i m pli c ati o ns  of  t h e  a bilit y  t o  r e a dil y  pr e p ar e  a  p air  of  
e n a nti o m ers, t h e bi ol o gi c al u pt a k e of t h e ( c hir al) m es o -
t etr a( di o x a n- 2- yl) p or p h yri ns [ 6 7], t h eir c o n v ersi o n t o t h e 
c orr es p o n di n g h y dr o p or p h yri ns, as w ell as t h e s y nt h esis 
of  ot h er  p or p h yri n oi ds  (s u c h  as  5, 1 5- dis u bstit ut e d  
p or p h yri ns  [ 6 2],  p att er n e d  p or p h yri ns  [ 6 8],  or  c orr ol es  
[ 6 9])  i n c or p or ati n g  t h e  m es o - di o x a n- 2- yl  gr o u ps  ar e  
c urr e ntl y b ei n g p urs u e d i n o ur gr o u p.

A c k n o wl e d g m e nts

T his w or k w as s u p p ort e d b y t h e U S N ati o n al S ci e n c e 
F o u n d ati o n ( N S F) t hr o u g h gr a nt C H E- 1 8 0 0 3 6 1 (t o C B) 
a n d t h e C hi n a S c h ol ars hi p C o u n cil (t o XJ).

S u p p o rti n g i nf o r m ati o n

A r e pr o d u cti o n of t h e e x p eri m e nt al d at a (s u c h as 1 H, 
1 3 C  N M R  s p e ctr a,  F T-I R,  M S  s p e ctr a,  a n d  e x cit ati o n  
e missi o n  s p e ctr a)  of  all  n o v el  c o m p o u n ds  d es cri b e d  
is  gi v e n  i n  t h e  s u p pl e m e nt ar y  m at eri al  ( Fi gs  S 1 – S 2 1).  
T his m at eri al is a v ail a bl e fr e e of c h ar g e vi a  t h e I nt er n et 
at  htt ps:// w w w. w orl ds ci e nti fi c. c o m/ d oi/s u p pl/ 1 0. 1 1 4 2/
S 1 0 8 8 4 2 4 6 2 1 5 0 0 7 0 X.
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