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Introduction 

Collman's picket-fence porphyrin? the first superstruc- 
tured porphyrin, was prepared from the pure a,a,a,a- 
atropoisomer of meso-tetrakis(2-aminopheny1)porphyrin. 
Other pure atropoisomers of meso-tetraarylporphyrins 
have been employed to design various superstructured 
tetrapyrrolic compounds, including basket-handle,4 jel- 
lyfish,5 and gyroscope6 porphyrins. Recently, we have 
described the synthesis7 of meso-tetrakis[2-(2,3,4,6-tet- 
raacetyl-O-@-glucosyl)phenyllporphyrin ( 1 ,  Chart 1) using 
Lindsey's method.8 However, only three atropoisomers 
(la,@,a,@ la,a,@,@, and la,a,a,@) were obtained. The 
catalytic activities of manganese and iron complexes of 
these compounds indicate that the chiral environment in 
the vicinity of the catalytic site and the proper molecular 
geometry are critical for the induction of an asymmetric 
oxidation of an alkeneag The a,a,a,a-atropoisomer's metal 
derivatives should be promising candidates for such 
catalytic activity. Herein, we report an efficient prepara- 
tion of the latter from other atropoisomers that avoids 
thermal isomerization. 

Results and Discussion 
Atropoisomerization of various ortho-substituted tet- 

raphenylporphyrins has been the subject of several 
reports.1° Nishino et d.ll have prepared the a,@,a,@- 
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Chart 1 .  Isomers of 
meso-tetrakis[2-(2,3,4,6-tetraacetyl- 0-8-glucosy1)- 
phenyl]porphyrin (laS,a,D, la,aBd, la,a,aS, and 

l~,a,a,a) 

OAf 

atropoisomer of meso-5,10,15,20-tetrakis(o-nitrophenyl)- 
porphyrin in toluene a t  80 "C. Recently, Rose et a1.12 
reported the preparation of a,@,a,@-meso-5,10,15,20-tet- 
rakis(o-aminopheny1)porphyrin by reduction of a,@,a,@- 
meso-5,10,15,20-tetrakis(o-nitrophenyl)porphyrin in 72 % 
abundance as determined by HPLC, and in 39 % yield, by 
a thermal isomerization in naphthalene a t  130 "C. In 
contrast, the same treatment in acetonitrile gave a random 
statistical abundance of isomers as shown by Gottwald et 
~ 1 . ~ 3  for meso-5,10,15,20-tetrakis(o-hydroxyphenyl)por- 
phyrin. 

The equilibration of the atropoisomers of the mixture 
of glucosylated porphyrin 1 can be carried out between 50 
and 100 "C. Partial destruction is observed upon heating 
under refluxing toluene (111 "C), even under argon. The 
atropoisomerization was investigated in toluene and in 
acetonitrile a t  80 "C by using the purified a,a,a,B-meso- 
tetrakis [2-(2,3,4,6-tetraacetyl-O-@-glucosyl)phenyll- 
p~rphyrin. '~ Figure 1 shows the mole fractions of the four 
isomers. Equilibration was reached after 4 h in toluene 
a t  80 "C and the a,a,a,a-isomer was obtained in 8% yield. 
In contrast, isomerization of la,a,a,@ in CH&N at  80 "C 
is swift and the a,a,a,a-atropoisomer is not obtained 
(la,@,a,P,8%; la,a,@,@,26%; la,a,a,B,66%; la,a,a,a,O%). 
The isomerization first-order rate constant of la,a,a,@ is 
4 X 10-5 s-l in toluene and 7.2 X 10-5 s-l in acetonitrile. 
These results show the crucial effect of solvent on the 
equilibrium of atropoisomerization. 

In order to find the best enrichment conditions for the 
a,a,a,a-isomer, the atropoisomerization of a mixture of 
three atropoisomers of meso-tetrakis[2-(2,3,4,6-tetraacetyl- 
O-/3-glucosyl)phenyll porphyrin was investigated by using 
various solvents at 80°C with or without a small quantity 
of silica gel, as reported by Lyndsey for the preparation 
of the a,a,a,a-isomer of meso-tetrakis(0-aminopheny1)- 
~0rphyr in . l~  The results are reported in Table 1. 

Because the atropoisomerization of the ortho-substi- 
tuted tetraphenylporphyrins is an equilibrium process and 
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Figure 1. Time course of atropoisomerization from a,a,a,& 
meso-~trakis[2-(2,3,4,6-tetraacetyl-O-~-glucosyl)phenyllporphy- 
rin at 80 OC. 

Table 1. Relative Abundance of Atropoisomere of 
mes~Tetrakis[2-(2,3,4,6-tetraacetyl-0~-glucoeyl)phenyl]- 

porphyrin (1) Obtained upon Heating at 80 "C in Different 
Solvents 

time 
solvent (h) 

toluene 5 
acetonitrile 1.5 
toluene/acetonitrile 4 

10/3, v/v 
toluene + silica gel 4 
toluene/acetonitrile 4 
10/3, v/v + silica gel 

toluene/ethanol 4 
100/5, v/v + silica gel 

toluene/ethanol 4 
100/10, v/v + silica gel 

toluene/ethanol 4 
100/15 v/v + silica gel 

la,8,a,8 
(%) 
10 
8 

20 

6.5 
6.5 

22 

7 

21 

la,a,8,8 
(75) 
28 
26 
31.5 

26 
20.5 

25 

22.5 

21.5 

la,a,a,B 
(75) 
55 
66 
48.5 

55 
51 

53 

66.5 

55.5 

la,a,a,a 
(%) 
8 
0 

trace 

12.5 
22 

0 

4 

2 

the a,a,a,a-isomer is the most polar, the isomerization in 
the presence of silica gel and a suitable solvent or mixture 
of solvents should afford the a,a,a,a-isomer in a relatively 
high yield. The use of a mixture of toluene and silica gel 
increased the yield of a,a,a,a-isomer (12.5%) relative to 
that observed in pure toluene. In the latter case, the 
polarity of the glycosylated porphyrin was too high to 
permit desorption of the less polar isomers (la,@,a,P, 
la,a,p,p, la,a,a,@). The polarity of the solvent (or mixture 
of solvents) used in this process appears crucial since it 
must support both preferred adsorption of the a,a,a,a- 
isomer and good desorption of the other isomers. The use 
of acetonitrile as cosolvent wibh toluene increases the 
formation of the a,a,a,a-compound to 22 76 which is higher 
than the random statistical mole fraction (12.5 % ) that 
would be obtained in pure solvent by a simple theoretical 
equilibrium.13 The use of a very polar cosolvent such as 
ethanol gives a very poor yield of a,a,a,a-meso-tetrakis- 
[2-(2,3,4,6-tetraacetyl-O-~-glucosyl)phenyllporphyrin. By 
using this cosolvent, maximum a,a,a,a-isomer formation 

(4 % ) occurred in 10 7% ethanol in toluene, in the presence 
of silica gel. 

The large-scale preparation of a,a,a,a-atropoisomer was 
performed in toluene/acetonitrile (10/3, v/v), with silica 
gel, a t  80 OC. It  was recovered by simple chromatography 
on a silica gel column, eluted by a mixture of methylene 
chloride/acetone (5/1, v/v) as the fourth red band. The 
isomerization of a,a,a,a-atropoisomer la,a,a,a occurred 
a t  temperatures above 50 "C. The incorporation of zinc 
into this compound has been accomplished overnight a t  
room temperature in a mixture of chloroform and acetic 
acid (l/l, v/v), in the presence of a large excess of zinc 
acetate. 

'H NMR spectroscopy (200 MHz) was used for char- 
acterization of the a,a,a,a-atropoisomer of meso-tetrakis- 
[2-(2,3,4,6-tetraacetyl-O-@-glucosyl)phenyllporphyrin and 
the zinc complex (Figure 2). The lH NMR spectra of 
porphyrins are governed by the symmetry properties of 
the tetrapyrrolic ma~rocycle.'~ The spectra of compounds 
la,a,a,a and Zn-la,a,a,a, which contain a Cq axis 
perpendicular to the porphyrin plane, are relatively simple, 
each resonance system corresponding to four equivalent 
protons. For example, the resonance peaks of the 0-pyr- 
rolic protons, a t  8.71 and 8.61 ppm for the free base and 
8.62 and 8.53 for zinc complex, as an AB system, appear 
as two doublets and are split by about 0.10 ppm. This 
splitting arises from the existence of two different 
environments for the @-pyrrolic protons in the a,a,a,a- 
isomer, understandable by consideration of the geometry 
of sugar moieties. Similar splitting of the @-pyrrolic proton 
resonances, due to nonequivalence, has been reported for 
the same atropoisomers of meso-tetrakis(2-methoxy-l- 
naphthyl)porphyrin15 and meso-tetrakis(2-pivalamidophen- 
yl)porphyrin.16 The resonance of the anomeric C-1 proton 
of the glucosyl group appears as a single well-defined 
doublet (J = 8 Hz) a t  5.40 ppm or 5.38 ppm, indicative of 
a pure &configuration and the perfect symmetry of the 
sugar groups around the macrocycle. In the case of the 
free base, one peak corresponding to the protons of one 
protecting acetyl group is shifted to -0.20 ppm. This 
upfield shift can reach-2.25 ppm for the aya,p,@-isomer.7&b 
This suggests that the glycosylated groups of the a,a,a,a- 
isomer bend over the ring in spite of less spatial congestion 
than in the other three isomers. This phenomena must 
be due to considerable steric interaction between the 
glucosyl groups in la,a,a,a. 

The UV-vis spectrum of the a,a,a,a-isomer was mea- 
sured. The wavelengths of the absorption maxima do not 
vary from those of the other isomers; however, the 
extinction coefficients are different.7alb The relative 
intensities of Q-band I-IV (Falk's notation17) of la,@,a,@ 
and la,a,a,P are of the etio type (IV > I11 > I1 > I) in 
chloroform, while those of la,a,P,@ and la,a,a,a are of the 
phyllo type (IV > I1 > I11 > I).17 The phyllo-type tendency, 
which is defined in terms of the ratio of the intensity of 
II/III bands, is greater in la,a,a,a (1.19) than in la,a,@,@ 
(1.13). Similar effects have been reported by Anzai et 
a1.'6 for the a,a,a,a-, a,a,a,p-, and a,a,a,B-atropoisomers 
of the meso-tetrakis(o-pivalamidopheny1)porphyrin. 

As do all zinc complexes of ortho-substituted glucosyl 
tetraphenylporphyrins la,@,a,p, la,a,P,P, and la,a,a,P, 
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Figure 2. 1H NMR spectrum of compound Zn-la,a,a,a in CDCl3: *, CHCl3; **, HOD; 0, impurities. 

Table 2. UV-Vis Spectra in CHCh 
compd max, nm (e, "01-1) 

la,@,a,@ 418 (370.5), 515 (17), 544 (6), 588 (7), 654.5 (3.5) 
lap,@,@ 419.5 (421.Q 514.5 (18.5), 551 (8.5), 589 (7.5),655.5 (5.5) 
la,a,a,@ 418.5 (418.5), 513.5 (19), 546 (7.5), 588 (8), 653 (3.3) 
la,a,a,a 418 (411.6), 513 (20.2), 545 (6.3), 589 (7.5),644 (3.9) 

compound Zn-la,a,a,a showed a Soret band intensity 
much greater than that of zinc te t raphenylp~rphyrin.~~ 

The formation of pentacoordinated species of Zn- 
la,a,a,a in the presence of pyridine in chloroform is very 
difficult.18 The affinity constant of binding of pyridine 
(2.5 L-mol-1) a t  25 "C is less by a factor of 2000, compared 
to  zinc tetraphenylporphyrin (5900 L-mol-I). This point 
indicates that the pyridine is linked to zinc on the 
constrained face of the macrocycle. The 'H NMR 
spectrum of Zn-la,a,a,a confirms the binding of the 
pyridine in the hindered cavity. The spectrum of this 
complex in a mixture of CDCldpyridine-ds Wl,  v/v) shows 
that the "ose" proton resonances are shifted downfield or 
upfield relative to those of the unligated compound. No 
significant shift of the porphyrin proton resonances was 
observed, indicating no change in the geometry of the 
macrocycle upon ligation. This general behavior can be 
explained by a change in the conformation of the sugar in 
the pentacoordinated species. Chemical shifts of each 
"ose" proton could result from a possible rotation of the 
sugars when pyridine binds in the hindered cavity. But 
the ring current effect of the pyridine ring cannot be also 
excluded. 

The feasibility of the preparation of the a,a,a,a- 
atropoisomer of meso-tetrakis [2-(2,3,4,6-tetraacetyl-O-P- 
glucosyl)phenyllporphyrin (1) from other isomers by a 
thermal process has been investigated under a variety of 
conditions. The best procedure for formation of this 
compound employs a solvent mixture of toluene/aceto- 
nitrile (10/3, v/v) in the presence of silicagel. Future goals 

(18) Affinity constant of pyridine binding in methylene chloride at 25 
O C  (Kin L-mol-1): ZnTPP, 5900; Zn-la,@,a,@, 15; Zn-la,a,@,@, 39; Zn- 
la,a,a,@, 14; Zn-la,a,a,a, 2.5. 

include an investigation of the preparation of manganese- 
(111) or iron(II1) complexes as asymmetrical catalysts for 
alkene oxidation. 

Experimental Section 

General. General preparation of meso-tetrakis-5,10,15,20- 
[2-(2,3,4,6-tetraacetyl-O-~-glucosyl)phenyl]porphyrin have been 
previously r e p ~ r t e d . ~ ~ ~ ~  Toluene, methylene chloride, and ac- 
etonitrile were analytical reagent grade and were purchased from 
Prolabo. Silica gel used for the atropoisomerization experiment 
was Macherey-Nagel silica gel 60 70-230-Mesh ASTM. Chro- 
matography was carried out with Macherey-Nagel precoated TLC 
plates SIL G-200 (2 mm). lH NMR spectra were recorded at 200 
MHz for CDCl3 or CDCldpyridine-d5 solutions with Brucker AM- 
200 instruments. Chemical shift values were given in ppm relative 
to TMS. Coupling constants were given in Hz. Optical spectra 
in the Soret and visible regions were recorded with a Varian 
DMS 200 spectrometer. HPLC analysis was performed with a 
Gilson apparatus with a dynamic mixer module Gilson 811, a 
manometric module Gilson 802, a pump Gilson 303, and a 
holochrome module Gilson (detection at 410 nm). Column: 
HiBar Lichrosorb SI 60 5-pm Merck. 

General Procedure for the Atropoisomerization Reaction. 
Typical experiment: 50 mg of porphyrin (pure isomer or mixture 
of three isomers) was heated at 80 "C in 10 mL of solvent (or 
mixture of solvents) and 1 g of silica gel with stirring under argon. 
The molar fraction of isomers was measured by HPLC analysis 
with a column HiBar Lichrosorb SI 60 5-pm Merck eluted with 
a mixture of methylene chloride/acetone 100/15, v/v, flow rate 
1.30mL/min,retentiontime: la,B,a,B,4.2min; la,a,@,&5.2min, 
la,cu,cr,/3,6.6 min. A mixture of methylene chloride/acetone 100/ 
17.5, v/v, was used for the a,a,a,a-isomer, flow rate 1.30 mL/min, 
retention time 27 min. Compound la,a,a,a was purified by 
preparative thin-layer chromatography on silica gel eluted by a 
mixture of methylene chloride/ether (l/l, v/v) and crystallized 
from a mixture of methylene chloride/heptane. Anal. Calcd for 
C1mH102N40a-H~0: C, 59.72; H, 5.19; H, 2.78. Found: C, 59.29; 
H, 5.28; N, 2.60. UV-visspectrum in CHCh X max, nm (e, mmol-I); 
418 (411.6), 513 (20.2), 545 (6.3), 589 (7.5), 644 (3.9). 'H NMR 
in CDC13 6 ppm: 8.71 d (4H, pyr), 8.61 d (4H, pyr), 7.65 m (12H, 
phenyl), 7.31 m (4H, phenyl), 5.40 d (4H, HI ose, J = 8 Hz), 5.05 
t (4H, H4 ose), 4.90 t (4H, H3 ose), 4.24 m (12H, Hz, Ha ose), 3.90 
m (4H, H5 ose), 2.16 s (12H, H acetyl), 1.92 s (12H, H acetyl), 1.60 
s (12H, H acetyl), -0.2 s (12H, H acetyl), -2.82 s (2H, NH). 
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Zinc mes~5,10,15,20-Tetrakis-[2-(2,3,4,6-tetraacetyl- 0-8- 
glucosyl)phenyl]porphyrin (Zn-la,a,a,a). The zinc complex 
was prepared and purified as previously describedl8 in a mixture 
of chloroform/acetic acid ( l / l ,  v/v) at room temperature under 
argon overnight in the presence of zinc acetate. The compound 
was purified by preparative thin-layer chromatography on silica 
gel eluted by a mixture of methylene chloride/ether (l/l, v/v). 
The pure complex crystallized from methylene chloride/heptane 
(yield 95 %). UV-vis spectrum of CHCls X max, nm (e, "01-1): 
404 (871, 425 (693.31, 557 (25.11, 592 (7). lH NMR in CDCl3 6 
ppm: 8.62 d (4H, pyr), 8.53 d (4H, pyr), 7.68 d t, 7.58, 7.46 d d, 
7.24 t (16H, He, H4, Hg, H3 phenyl), 5.38 d (4H, H1 ose, J = 8 Hz), 

(19) Alder, A. D.; Longo, F. R.; Kampas, F.; Kim, J. J. Org. Chem. 
1970,32, 2445. 

Notes 

5.13 t (4H, H4 ose), 4.78 t (4H, H3 ose), 4.33 t (4H, Hs ose), 4.27 
m (8H, He ose), 3.95 m (4H, Ha ose), 2.16 s (12H, H acetyl), 1.95 
s (12H, H acetyl), 1.69 s (12H, H acetyl), 0.75 s (12H, H acetyl). 
1H NMR in CDCls/pyridine-d5 (l / l ,  v/v) 6 ppm: 8.76 broad (8H, 
py) ,  7.71dt (4H),7.90 d d (4H), 7.56 d d (4H), 7.34t (4H) (He, 
HI, Hs, H3 phenyl), 6.08 d (4H, HI ose, J = 8 Hz), 5.40 t (4H, HS 
ose), 4.85 t (4H, H4 ose), 4.06 t (4H, Hz ose), 4.41-4.17 m (8H, 
He ose), 3.79 m (4H, Ha ose), 2.10 s (12H, H acetyl), 1.85 s (12H, 
H acetyl), 1.81 s (12H, H acetyl), 1.20 s (12H, H acetyl). 
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