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PORPHYRINS. 

25.* USE OF THE NUCLEAR OVERHAUSER EFFECT FOR ESTABLISHMENT OF THE STRUCTURE 

OF ISOMERIC meso-SUBSTITUTED METALLOPORPHYRINS 

G. V. Kirillova, A. M. Shul'ga, UDC 547.979.733.174:543.51'422 
and G. V. Ponomarev 

Nickel complexes of the dimethyl esters of meso-dimethylaminomethyl derivatives of 
mesoporphyrin-ll and mesoporphyrin-IX are synthesized. The structure of the prepared 
isomeric compounds is determined by analysis of their chromatographic properties, vis- 
ible spectra, as well as of their PMR spectra using the nuclear Overhauser effect. 

Porphyrins which contain a dimethylaminomethyl (DMAM) group in the meso-position hold 
great interest as starting materials for synthesis of widely differing compounds, e.g., meso- 
hydroxy(alkoxy)methylporphyrins [2] and meso-methylporphyrins [3]. Besides this, certain 
of the DMAM porphyrins are biologically active substances [4]. 

We demonstrated that formation of DMAM porphyrins can be used successfully for proving 
the structure of formylation products in the case of simple symmetrically substituted octa- 
alkylporphyrins, for example, etioporphyrin-II [5]. 

Recently, PMR spectroscopy using the nuclear Overhauser effect (NOE) has been used to 
establish the structure of complicated natural porphyrins of unknown structure. 

The purpose of the present work is to expand the possibilities for using DMAM porphyrins 
for establishment of the structure of formylation products in the case of complicated unsym- 
metrically substituted porphyrins and to confirm independently the structures of these com- 
pounds using the NOE. 

We chose mesoporphyrin-II (Ia) and mesoporphyrin-IX (IIa) for the study. Earlier it 
was shown that formation of all four possible meso-substituted products occurs during formyl- 
ation of the copper complex of mesoporphyrin-IX. However, unambiguous and correct establish- 
ment of the structure for each of these has not been carried out [6]. 

The PMR spectra of porphyrins Ia and IIa were simplified by preparation of the trideu- 
teromethyl esters of the Ni complexes Ic and IIc. The Ni complexes of the DMAM porphyrins 
were synthesized by a method which was developed earlier [5]. The individual isomers Id, 
Ie, and IVa-d were separated by preparative thin-layer chromatography on silica gel. 

Initial data on the proposed structure of the isomers were obtained based on analysis 
of chromatographic mobility data. The chromatographic mobility of DMAM porphyrins is known 
to depend to a large extent on the screening effect of the ~-pyrrole substituents next to 
the DMAM group [5]. Therefore, the more mobile isomer in the case of the Ni complexes of 
the DMAM isomers of mesoporphyrin-II was assigned structure Id. In this structure, the meso- 
substituent is located between the methyl and methoxycarbonylethyl group. This is in contrast 
to the less mobile isomer Ie, in which the DMAM group is located between the less bulky sub- 
stituents. 

A small bathochromic shift in comparison with compound Id is characteristic for the elec- 
tronic spectrum of porphyrin Ie. This agrees with the electronic spectral data for derivatives 
of etioporphyrin-II [5]. 
*See [i] for Com~nunication 24. 
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I II--V 

Ic -g, l|C.. IV, V R=D, M=Ni. AI! - A=CH2N(CH3)~.unspecified R, R l, R 2, R 3, R4=I-I, 
la M=2H;b R=D, M=2H;d R~--'A; e R2=A; f Rt=A.BH3;g R2=A.BH:~. IlaM=2I-I; 
b M=Ni. lIIa Rt=A;b R~=A;c Ra=A; d R4=A. IXa Rt=A; b R2=A; cRY=A; 

d R 4=A. Va RI=A.BI-]3; b R2=A.BH:,; c R3=A.BH3; R4=A.BH3 

Finally, the structure of isomers Id and le was established by PMR. The absolute values 
of the chemical shifts in certain cases in the PMR spectra of porphyrins are known [7] to 
be capable of changing markedly depending on the concentration. This is due to the ability 
of porphyrins to form associates. The PMR spectra of the free mesoporphyrin bases depend 
greatly onthe experimental conditions. Therefore, the spectra of the Ni complexes of isomer- 
ic porphyrins were obtained at identical concentrations for accurate comparison. Besides 
this, it was found that the chemical shifts remain practically constant for these metallocom- 
plexes at a concentration from 0.06 mg to 6.5 mg of substance per 0.5 ml CDCI 3. 

Figure i shows results of experiments which were carried out by the NOE method. Table 
i contains chemical shifts with assignment for each of the groups of protons. These data 
indicate that the structure of the isomers based on the study of their chromatographic mobil- 
ity was assigned correctly. The following conclusions can be made by analyzing the PMR spec- 
tra. i) Addition of DMAM groups leads to a shift of the signals for all meso-protons to 
strong field. The strongest shift is observed for the protons in neighboring meso positions. 
2) Signals from the ring methyl group protons, as well as protons in the groups CH2CH 3 and 
CH2CH2COOR, which are located in positions designated in Fig. i by the symbol A, are shifted 
to a stronger field than for the signals from analogous substituents. 3) The steric effect 
of the DMAM group significantly affects the shape of the signals from the neighboring methoxy- 
carbonylethyl group. This leads to conversion of the triplet from the methylene protons of 
CH2CH2COOR into a broad featureless multiplet, which is also readily identified in the 
spectrum. 

Additional information on the structure of meso-DMAM porphyrins can be obtained from PMR 
spectral data of the corresponding borane complexes [5]. Thus, the presence of an AB-quartet 
for the CH2N(CH3)2.BH3 protons for isomers If and Ig indicate that the meso-substituent 
is located between the two different $-substituents. 

The final stage of the work was the synthesis and establishment of the structure of DMAM 
derivatives of mesoporphyrin-IX. The formylation reaction and reduction of the intermediate 
complexes were carried out on the Ni complexes of mesoporphyrin-IX lib and llc. After chro- 
matographic separation of reaction products, four isomers llla-d and IVa-d were isolated. 

In this case, chromatographic mobility data could give preliminary information on the 
possible structure of only two isomers. These were the more mobile y-isomers Ilia and IVa 
and the less mobile 6-isomers llld and IVd. In fact, singlets for the CH2N(CHa)2 protons 
are observed in the PMR spectra of these isomers and their borane complexes Va and Vd. THis 
indicates identical substituents in neighboring pyrrole rings. With respect to the ~- and 
~-DMAM isomers, establishment of their structure is possible only by the NOE method. Figure 
i shows the results of NOE experiments for the three isomers, the ~-, B-, and d-isomers. The 
PMIR spectrum of the y-isomer differs noticeably from the spectra of the others and does not 
require special structural confirmation by the NOE method. 

Thus, the NOE method can be used successfully for establishment of the structure of com- 
plicated unsymmetrically substituted porphyrins. 

EXPERIMENTAL 

IR spectra were taken as KBr pellets on a Perkin-Elmer 398 instrument. Electronic spec- 
tra were recorded using chloroform solutions in a SF-18 spectrophotometer. PMR spectra were 
obtained in CDCI 3 on a Bruker WM-360 instrument with an internal standard of TMS. Mass spec- 
tra were taken on a Varian MAT-311 spectrometer. Preparative separation of isomers of porphy- 
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Fig. i. Porphyrins, structures which were confirmed by the NOE. 
Experiments were carried out at a metalloporphyrin concentra- 
tion of 4 mg in 0.5 ml CDCI 3. Arrows show the principal inter- 
actions between groups of protons which are necessary for estab- 
lishment of the structure. 

rins was carried out on 20 • 20 cm plates with a fixed Merck GF-254 silica gel layer of thick- 
ness 1 mm using the system chloroform-ether-alcohol (87:10:3). TLC data are given for Silufol 
UV-254 plates. 

Nickel Complex of 2~7,12,17-Tetramethyl-3,13-diethyl-8,18-di(2-trideuteromethoxycarbonyil 
ethyl)porphyrin (Ic). A solution of i00 mg (0.17 mmole) porphyrin Ia in 30 ml 5% D=SO~ in 
CD3OD was stored for 24 h, diluted with water (150 ml), and neutralized with a saturated solu- 
tion of sodium acetate. The precipitate which formed was filtered off and chromatographed 
on a column with silica gel, eluting with chloroform. The product was separated and crystal- 
lized from a mixture of chloroform-nnethanol. Yield 95.5 mg (94%) porphyrin Ib. Mass spec- 
trum (C3~H~eD~N40~), m/z (%): 600 (M +, i00). 

A mixture of 90 mg (0.15 mmole) porphyrin Ib, 50 mg (0.28 mmole) nickel acetate, I0 ml 
acetic acid, and 60 ml chloroform was heated. After 20 min (chromatographic monitoring), 
I00 ml water was added. The organic layer was washed several times with water, dried, chro- 
matographed on a column with A1203, and then crystallized from a mixture of chloroform-metha- 
nol. Yield 95.7 mg (97%) porphyrin Ic. Mass spectrum (C36H3~D6N404SSNi), m/z (%): 656 (M +, 

100). 
NickelComplexes of meso-N,N-Dimethylaminomethyl-2,7,12,17-tetramethyl-3,13-diethyl-8, 

18-di(2'trideuteromethoxycarbonylethyl)porphyrin (Id, e). A mixture of i00 mg (0.15 mmole) 
compound Ic and the complex which was prepared from 1 ml (0.013 mole) DMF and 1,2 ml (0.013 
mole) POCI 3 in 60 ml dichloroethane (chromatographic monitoring) was heated at 70~ After 
20 min, the solvent was removed and the residue was poured into cold water (150 ml). The pre- 
cipitate which formed was filtered off and dissolved in a mixture of i00 ml chloroform and 
i0 ml alcohol. A i00 mg portion of sodium borohydride was added. After 5 min, 150 ml water 
was added. The organic layer was washed with water and dried over sodium sulfate. The sol- 
vent was removed in vacuum. The residue was repeatedly separated on silica gel plates. Two 
isomers were obtained. 

Isomer Id, yield 35.9%, Rf 0.43. IR spectrum: 1735 (CO), 2760, 2810 cm -l (NMe2). UV 
spectrum, Xma x (E-10-3): 410 (165.8), 539 (8.8), 580 nm (13.4). Mass spectrum (C39H41D 6- 
NsO~58Ni), m/z (%): 713 (M +, 8), 670 (86), 669 (84), 668 (i00). 

Isomer Ie, yield 36.6%, Rf 0.33. IR spectrum: 1740 (CO), 2765, 2810 cm -I (NMe2). UV 
spectrum, Xmax (~'i0-3): 410 (169.2), 537 (9.3), 577 nm (14.4). Mass spectrum (C39H4zD 6- 
NsO4SSNi), m/z (%): 713 (M +, 5), 670 (84), 669 (i00), 668 (98). 
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Nickel Complex of 2~7,12 18-Tetramethyl-3,8-diethyl-13,17-di(2-methoxycarbonylethyl)- 
porphyrin (lib, C~H~0N404Ni). This was prepared in quantitative yield by heating porphyrin 
lla in a mixture of chloroform-acetic acid in the presence of nickel acetate. UV spectrum, 
kma x (~.i0-3): 393 (196.3), 518 (ii.2), 553 nm (30.2). 

Nickel Complex of 2,7,12,18-Tetramethyl-3~8-diethyl-13~17-di (2-trideuteromethoxycar- 
bonylethyl)porphyrin (llc). This was prepared analogously to complex Ic starting from porphy- 
rin lla. Yield 70%. Mass spectrum (C36H34DsN~O4SaNi), m/z (%): 656 (M +, i00). 

Isomers of Nickel Complexes of meso-N,N-Dimethylaminomethyl-2~7~12,18-tetramethyl-3,$- 
diethyl-13,17-di(2-methoxycarbonylethyl)porphyrin (Ilia-d). These were prepared analogously 
to complexes Id and le. Mixtures of isomers llla-d (88 mg, 81%) were obtained from i00 mg 
(0.05 mmole) of porphyrin lib. After repeated separation on silica gel plates, four isomers 
were isolated: 

Isomer Ilia, 10.7 mg (9.8%), Rf 0.61. 
2), 664 (i00), 663 (30), 662 (42). 

Isomer lllb, 19 mg (17.5%), Rf 0.51. 
5), 664 (i00), 663 (,36), 662 (42). 

Isomer lllc, 12.6 mg (11.6%), Rf 0.45. 
5), 664 (i00), 663 (39), 662 (66). 

Isomer llld, 26 mg (23.9%), Rf 0.37. 
8), 664 (I00), 663 (46), 662 (77). 

Nickel Complexes of meso-N,N-Dimethylaminomethyl-2~7,12,18-tetramethyl-3,8-diethyl-13, 
17-di(2-trideuteromethoxycarbonylethyl)porphyrin (IVa-d). These were prepared analogously 
to complexes Id-e, starting with porphyrin llc. After repeated separation on plates, the 
individual isomers IVa-d were isolated. The complete deuterium exchange was checked using 
PMR spectra (Table i). UV spectra, kma x (E.10-3): IVa, 408 (150), 539 (7.6), 579 nm (13); 
IVb, 407 (153), 536 (7.8), 575 nm (13.1); IVc, 407 (159), 536 (8.0), 575 nm (14); IVd, 406 
(157), 534 (7.9), 572 nm (14). 

Amineborane Complexes (If-g~ Va-d) were prepared by the method'of [5] with yields of 
80-90% starting from the individual isomers Id, le, and IVa-d. The purity of the amineborane 
complexes was determined by TLC on silufol plates and by IR spectral data in the ranges 2250- 
2400 cm -I and 2750-2810 cm -I. The PMR data are given in Table i. 

Mass spectrum (C39H4vN~O~SSNi), m/z (%): 707 (M +, 

Mass spectrum (C39H47NsO4SSNi), m/z (%): 707 (M +, 

Mass spectrum (C39H47NsO~58Ni), m/z (%): 707 (M +, 

Mass spectrum (C39H~TNsO458Ni), m/z (%): 707 (M +, 

i. 

2. 
3. 
4. 

. 

6. 

7. 
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