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SUMMARY 

Preparation of three forms of selectively deuterated trans- 
octaethylchlorin (t-OEC) and octaethylporphyrin-d2 (OEP-d2) with 
high isotopic purity using acid catalyzed hydrogen-deuterium exchange 
reaction is described. Deuterated 1-OEC labeled at y,S- methine carbons 
was prepared directly by equilibrating 1-OEC in D2S04:D20 (6:l. v/v) 
at room temperature for 20 hours. 1-OEC labeled at all four methine 
carbons was prepared as above in 72 hours. And 1-OEC labeled at a$- 
positions was obtained by "back-exchange" of t-OEC-d4 under the protio 
condition, H2SOq:H20 (6:1, vh) ,  in 18 hours. The DDQ dehydrogenation 
of either dideuterochlorin species resulted in the formation of OEP-d2. 
The isotopic purities of all deuterated compounds were over 98 percent 
except for t-OEC-d2(a,p) which was estimated to be - 90 percent by 
proton NMR spectroscopy. 
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Deuteration of the methine (meso) bridges of tetrapyrrolic macrocycles has contrib- 

uted to a better understanding of the hemoproteins' electronic and vibrational characteristics by 

utilizing methods such as ESR(1,2), ENDDOR (3.4). NMR (5,6), IR(7,8) and resonance 

Raman (9,lO) spectroscopy. The relative reactivities of the four methine carbons for 

hydrogen-deuterium (HID) exchange result primarily from the ease of electrophilic substitu- 

tion at these sites which, in turn, depends upon the nature of the substituents on the adjacent 

pyrrole rings (11,12,13). For example, it has been shown that trans-octaethylchlorin (t- 

OEC) undergoes facile H/D exchange at y,Bmeso carbons in refluxing acetic acid-di ; whereas, 

a$-bridges are not affected (14). The exchange reactions, carried out on metal free systems, 
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are generally acid-catalyzed and a number of acidic media have been reported, including 

D2S04-D20 (1 l ) ,  toluenesulfonic acid-dl (15), TFA-d1 (12), and acetic acid-di (16). The 

D2S04-D20 method represents a strong acidic condition which is routinely used to induce HID 

exchange reaction at all four methine carbons in symmetrically substituted ring systems (12). 

In one instance, however, it has been applied to the oxoporphyrin complexes in which 

deuteration occurs predominantly at two bridging carbons and the other two sites undergo 

minimal exchange (17). The D2S04-D20 method is usually carried out at ambient temperature 

in contrast with the refluxing and/or anaerobic condition required by other methods. 

We report here a modification of the original D2S04-D20 reaction condition (11) which 

may be used for the preparation of three forms of selectively deuterated trans- 

octaethylchlorin(t-OEC-d2(a,~),-d2(y,G), and -d4), Figure l a .  The dideuterated chlorin 

species may then be oxidized to the corresponding octaethylporphyrin-d2, Figure 1 b, which 

would otherwise be difficult to prepare and may reveal interesting spectroscopic properties. 

Figure 1 : Chemical Structures. 

EXPERIMENTAL 

OEP and 1-OEC were synthesized according to the published methods (18, 19). Proton 

NMR spectra were obtained at 250 MHz on a Bruker spectrometer in deuterated chloroform 

with the solvent signal as an internal standard. Chloroform-dl (99.8 atom percent D), D20 

(99.8 atom percent D) and 98 percent sulfuric acid-dp in D20 (99.5 atom percent D) were 

obtained from Aldrich Chemical Co. Dichloromethane was freshly distilled from CaH2. All other 

solvents were reagent grade and were used without further purification. The extent of deutera- 

tion was estimated by integration of the proton NMR spectra. Column chromatography was 

performed on Alma basic alumina (type F-20). 
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-u 
In a typical experiment, 10 mg of 1-OEC was equilibrated in 2.1 ml of D2S04:D20 

(6:l,v/v) and allowed to sit at room temperature in a desiccator for 20 hours. The solution 

was then quenched with ice water and extracted with dichloromethane. The extract was washed 

with sodium bicarbonate and with water and dried over anhydrous sodium sulfate. At this point, 

the sample may contain about 2-3 percent OEP which results from oxidation of 1-OEC. This was 

demonstrated by t.1.c. and by proton NMR spectrum (OEP meso-proton peak at 6 10.2). Purifi- 

cation was carried out on alumina with benzene as eluant. Quantitative deuteration was 

established by the disappearance of the y,6- proton signal at 8.9 ppm, Figure 2c. MS: m/e 

538( M+), 509(M+-29), 269(M++); m.p. 231-232OC. 

The tetradeuterated species was prepared by the same method as described above; 

however, the sample was permitted to sit at room temperature for - 72 hours. One hundred 

percent deuteration was established by the disappearance of proton NMR signals at 8.9 and 9.7 

ppm due to y,6- and a$- protons, respectively, Figure 2d. 

-u 
t-OEC-d4 (10 mg) was subject to "back-exchange" in 2.1 ml of H2S04(96.4 

percent):H20(6:1, v/v) followed by the same work-up as mentioned above. This method gave - 
90 percent deuteration at a$- position and complete proton recovery at the y.6- sites, Figure 

2b. 

To a refluxing dichloromethane solution of dideuterochlorin was added a solution of DDQ 

(excess) in benzene according to the published methods (20,21). The green color of the chlorin 

solution turned red almost instantaneously. After refluxing for an additional 0.5 h. the solution 

was evaporated to dryness and chromatographed on alumina with chloroform. The visible 

absorption spectrum and the proton NMR signal at 6 10.2 showed the characteristic OEP 

spectrum. MS: mle 536(M+), 507(M+-29), and 268(M++); m.p. 322-324OC. 
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Figure 2 :  250-MHZ proton NMR spectra o f  t - O E C  and i t s  deuterium labeled 
der ivat ives i n  CDCl . S indicates residual undeuterated solvent 
and X represents o t t e r  impur i t ies.  

The original procedure reported for the tetradeuteration of OEP (80 rng in D2S04:D20, 

2 ml; 93 ,  w/v) has been modified to prepare three forms of selectively deuterated trans- 

octaethylchlorin; namely, -d2(a,fi),-d2(y,6), and -d4 derivatives. This method offers an 

alternative approach to that of acetic acid-dl for WD exchange at ambient temperature in 

unsymmetrically substituted tetrapyrrolic rnacrocycles. It is also particularly attractive for 
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deuterium labeling in systems where prolonged refluxing conditions are not desirable. The 

partially-deuterated porphyrin and chlorin complexes are currently being utilized to verify 

the proposed "quadrant-localized" vibrational modes in the chlorin macrocycles22, by means of 

IR and resonance Raman spectroscopy. 
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