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Abstract—The effect of ortho- and meta-isomerism on chromatographic characteristics and IR spectra of
some 5,15-diarylporphyrins was investigated. For the first time separated zinc complexissanfd trans
isomers of 5,15-di(2-methoxyphenyl)-3,7,13,17-tetramethyl-2,8,12,18-tetrabutylporphyrin were analytically
characterized.

The characteristic feature of porphyrins is their , , . .
versatility cauzsed4 b)é fl#nctéigonall0 sullistitution of IRV\é% e'gt\r'SSt(')%a?‘i;g{é?ﬁé?ﬁgi@gﬁer'?;g?;r;'i% f;d
P-pyrel i(an’ (53’ Re R RRiz)R AR )[1‘3”;'] (0 tetramethyl-2,8,12,18-tetrabutylporphyrit) (its zinc

ging (~, =, K P . 1,512 complexll, and zinc complexes dfis- andtransiso-
unsymmetrical location of the substituents™{R™) mers of 5,15-di(2-methoxyphenyl)-3,7,13,17-tetra-
isomeric forms are probable (up to twenty d'fferentmethyl-z,&1'2,18-tetrabuty|porphyririII(') 'ano,l )

structures). respectively.

Although in the literature on macrocycles a sig- .
nificant attention is paid to the studies of relation R? R R
between the main physical and physico-chemical R—Y NN _ps
characteristics and moleculsiructure, the isomerism
in porphyrins remains poorly understoda]. R'"2 » R®

\
7
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Ri= RR= R = R'= CH, (I-V), H (VI); R? =
R'= RP= R®= CH, (I-IV), CH, (V, VI); R® =
R°= H (I-VI); R® = R?= 3-CHOCH, (I, Il),

[
2-CH,OCH, (Ill, IV ), C,H¢ (V), CiHs (VI): M = H,
(, V, VI), Zn = (1-IV).

In the synthesis of porphyrins witmsphenyl
groups in ortho-positions formation of atropoisomers
is possible [36]. This is due to high steric hindrances
to the rotation around the € bond porphyrir
phenyl originating from interactiobetween thertho-
substituent of the phenyl rings arfidmethyl groups
of the macrocycle. For instance, the ortho-substituted
1,15-di(2-methoxyphenyl)porphyrin can exist as two

Fig. 1. cis- (a) andtrans- (b) isomers of 5,15-di(2-meth- atropoisomers that are distinguished by methoxy

oxyphenyl)-3,7,13,17-tetramethyl-2,8,12,18-tetrabutyl- group orientation with respect to the porphyplane

porphyrin. (Fig. 1) [3]. The chromatographic characteristics of

_— porphyrins are given in Table 1. The eluents were
The study was carried out under financial supptmtm  chosen basing on the studies carried out previously
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methylporphyrinVI. Introduction into the macroring
e of a zinc atom decreases the retention compared to

30 1 that of freeligand. Practically all chromatographic
systems studied ensured separation ofdhibo- and
25 metaisomers of the zinc complexes 0%,15-di-
204 3 (methoxyphenyl)porphyrindl -1V, and also separa-
tion of atropoisomers of zinc complexes of 5,15-di(2-
15 2 methoxyphenyl)-3,7,13,17-tetramethyl-2,8,12,18-
) tetrabutylporphyrin If, Il ). The methoxy groups in
10+ ! the ortho-position of the phenymssubstituents
5 prevent their free rotation, and therefore thenzene
rings are normal to the macroring plane. With the

T %0 To metaisomer apparently no hindrance to free rotation
exists, and theghenyls may be situated in the same

Ethyl acetate, % vol plane agnacroring. The lattefact increases the inter-

action of porphyrin with the sorbent surface. This
Fig. 2. Capacity factors of porphyriné -IV as a function perhaps ix the reason of the stronger retention of

of ethyl acetate content in acetonitrilet) (compoundlll , metaisomer compared to ortho-isomer. The atropo-
(2) compoundV, (3) compound . Eolumn Nova-Pak G isomer in the cis-form is characterized by weaker
(150<3.9 mm), flow rate 1 mlmin’, temperature 2. retention on the reversed phase compared tartres
Spectrophotometric detection, 410 nm. isomer. This may be due tauigher polarity of thecis-

isomer increasing its affinity to theluent.

The dependence of capacity factors mdrphyrin
zinc complexes on the ratio ethgtetateacetonitrile
in the eluent is shown ifig. 2. Thegrowing amount
of ethyl acetate in the eluentegularly results in
2 decrease in the retention times and in narrowing of
peaks. Even at 30% of ethycetate in the eluent
separation both of atropoisomers amtho- andmeta
isomers(Fig. 3) occurs.These complexes are well
separated on all columns under study when the
eluents used are sufficiently selective. But the best
results were obtained on sorbent Nova-Pakfor the

;3

selectivity of separation and peak resolutfom, e.g.,
UU atropoisomers at elution with acetonitrikthyl
N acetate (90:10) was bettex (.11; 1.31 and 1.55%
0.43; 1.11 and 2.80 forcolumns Nucleosil G,
0 2 4 6 u-Bondapak Gz and Nova-Pak G respectively). It is
o _ due probably to the very fine grains of the sorbent
. Retentiontime, rTnn _ Nova-Pak Gg (3 um).
Fig.3. Chromatogram of porphyrins mixturel)( com- . .
pound lll, (2) compound IV, (3) compoundll. Eluent 'It should be noted that for separation and determin-
AN-EA (90: 10). ation of free of metals porphyrins the column

u-Bondapak Gg 300x3.9 mm is more suitable than

The order ofappearance of compounds actuallyNOva-Pak Gg(150x 3.9 mm). On thecolumn Nova-
does not change in all the systems unsterdy.Reten- 2k Gg the peaks of fre@orphyrins are more eroded
tion time of porphyrins grows in the seridf < than on p-Bondapak Gg (eluent acetonitrileethyl
IV< 1< 1, i.e., the retention of porphyrins on acetate, 9010). When these eluents are used in
nonpolar adsorbents increases with growing numbefQ: 30 ratio, thepeaks of ligands on Nova-Pak, £
of carbon atoms in the side substituents. Note thal"fjlre completelyeroded.Good results can be attained
this series is consistent with the data[@f. Porphyrin  20th with columns of ordinary length and with micro-
I contains longer alkyl chains and ssronger retained columns (642 mm).
than 5,15-diethyl-2,3,7,8,12,13,17,18-octamethyl= A valuable information on the structure of newly
porphyrin ) and 5,15-diphenyl-2,8,12,18-tetra= synthesized compounds can be dedudesim IR
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Table 1. Capacity factors of porphyring-Vv?

C Column 150<3.9 mm, Column 300<3.9 mm, Column 64x2 mm,
ompd. .
Nova Pak G u-Bondapak ¢g Nucleosil g
no. AN AN-EA,| AN-EA,| AN-EA,| AN-EA,| AN-AC,| AN-MEK AN AN-EA,
90:10 80:20 70:30 90:10 40:60 30:70 90:10
I 41.3 29.8 - - 19.9 4.4 1.7 12.1 3.4
Il 30.9 13.5 5.4 2.9 10.7 2.7 1.6 5.2 2.3
1] 11.6 5.8 2.7 1.6 6.1 2.1 1.4 2.5 1.3
v 20.5 9.0 3.9 2.2 8.0 2.3 1.4 3.7 1.6
Vv 12.1 4.1 10.1 - 5.1 2.5 1.5 2.5 1.2
VI 28.3 9.8 13.2 - 9.1 3.6 1.5 - 2.3

& Eluents: AN, acetonitrile; EA, ethyl acetate; AC, acetoWdEK, methyl ethylketone.

Table 2. Vibration frequencies of CH bonds in phenyl fragmentgpofphyrinl -1V, VI, cmi™* (aRr pellets)

Compd. no. Yen dcn
I 880 (1CH) 780 (3CH) - - 1165, 1062
Il 878 (1CH) 777 (3CH) - - 1164, 1060
Il 750 (4CH) 1170, 1053
v - - 760 (4CH) - 1169, 1050
Vi - - - 745 (5CH) 1170, 1050

® The number of neighbor €4 bonds is indicated inparentheses.

spectra. In the IR spectra of porphyrins appear the To the in-plane bending vibrationk.,, of phenyl
effects due to the increase in the symmetry of themoieties in porphyrinsi-IV belong the medium
molecule at complexing withmetal, and to its de- bands at 1170 and 1050 ch

crease on the chemical modification of the ligand 1 i« skeleton vibrations of the-C bonds in the
structure. Proceeding from the previous investigationsbenzenerings of porphyrin VI correspond three

on 5,15-diarylporphyrins [3, 8, 9] it should be noted 45 of growing intensity at1100, 1180, and
that in the study of isomerism in compouniddV the 1509 ¢t [9]. In the spectra obrtho-isomerslil, IV

most interesting are the vibrations of atoms in thehe presence of atropoisomers causes the splitting of
phenyl moieties: bending vibrations of-8 bonds  he pand at 1200 crh In the spectra of meta-deriv-
and skeleton vibrations of & bonds (Table 2). atives |, Il the most intense single band appears at

Out-of-plain bending vibrationsyg,) of the neigh- 1190 cn*.

boring G-H bonds in benzengngs strongly interact,
and therefore the position of the corresponding
absorption bands characterizes the number of adjacent _ _
C-H bonds in thering. 5,15-DiphenylporphyrinVI Porphyrins I-IV were synthesized along proce-
has a strong band at 745 chi9] that is characteristic dures [3]. All compounds were subjected to double
of interaction between five neighbor-8 bonds,i.e. ~ chromatographic purification, first on a column
of monosubstituted  benzene.metaSubstituted Packed with alumina, then with silicagel, eluent
diphenylporphyrinsl, Il have absorption bands at benzene. _Then the compounds were recrystallized
780 (three neighbor @4 bonds) and 880 cif (single  TOM @ mixture benzenehexane, 1:4.

C-H bond). In the spectrum obrtho-substituted
diphenylporphyrindll, IV is present a band at 750
760 cm~ (four adjacent €H bonds).

EXPERIMENTAL

As eluents inHPLC method were used the follow-
ing solvents (in parentheses are listed polarity and
selectivity group): acetonitrile(6.2; 6), ethyl acetate

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 38 No. 4 2002



CHROMATOGRAPHIC CHARACTERISTICS AND IR SPECTRA

(4.3; 6), methyl ethyl ketong4.5; 6), acetone(5.4;
6), and their mixtures.
properties of porphyrins were studied on porphyrin
solutions in ethyl acetate of concentratioh.10° M.
The chromatographic behavior of substances wa
studied on Waters chromatograph (USA), stainles
steel columns: 3093.9 mm, sorbentu-Bondapak
C,g grains 10um, dead time 1.4min; 150x 3.9 mm,
sorbent Nova-Pak £, grains 3 pm, dead time
1.3 min; eluent flow rate 1 ml mit, sample volume
2-5 pl, detector spectrophotometéer,410 nm. Also
was used microcolumn chromatographlikhrom 4,
stainless-steel column 642 mm, sorbent Nucleosil
C,g grains 5um; eluent flow rate 501 min™!, sample 2.
volume 515 ul, detector spectrophotometeri

404 nm. Columns maintained atZD. The dead time

was determined from the erosion front on the 3.
chromatogram. In the microcolumn the retention
volume of nonsorbed component 17Ql. The
chromatographic behavior of substances was evaluat4.
ed by capacity factork(), selectivity factor ¢), and
resolution RY). 5.

1.

The organic solvents were purified by standard
methods[10]. IR spectra were registered on spectro-
photometer Specord M-80 from KBr pellets.

5,15-Di(3-methoxyphenyl)-3,7,13,17-tetramethyl- 7.
2,8,12,18-tetrabutylporphyrin (l). Yield 45%. IR
spectrum (cm): vy, 3318 m,8y, 965 m,yy, 702w, 8.
VCH(mer) 2980 m,SCH(ﬁ_alk) 1482 ©1YCH(ﬁ-aIk) 845 m.

Zinc-5,15-di(3-methoxyphenyl)-3,7,13,17-tetra-
methyl-2,8,12,18-tetrabutylporphyrin  (II). Yield
95%. IR spectrum (CMM): vepyms+y 2975 M, e alk
1478 S1YCH(ﬁ-aIk) 842 m.

cis-Zinc-5,15-di(2-methoxyphenyl)-3,7,13,
tetramethyl-2,8,12,18-tetrabutylporphyrin

9.
10.

17-
().

533

Yield 48%. IR spectrum (CMT): vepgnsry 2960 m,
The chromatographicdcyyg_ai) 1480 S,vcpp-ak) 844 M.

trans-Zinc-5, 15-di(2-methoxyphenyl)-3,7,13,17-

etramethyl-2,8,12,18-tetrabutylporphyrin

oyield 47%. IR spectrum (CM): Vepmsry 2962 m,
ScH(p-alk) 1481 S,¥cH(p-aK) 845 M.

(V).
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