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New methods for specific reduction and deuteriation of 5,10,15,20-tetraarylporphyrins are reported. 
Free-base and metalated 2-nitroporphyrins are converted into the corresponding nitrochlorins (2,3- 
dihydro-2-nitro-5,10,15,20-tetraphenyl-2!2H,24H-porphyrins) by reaction with borohydride followed 
by aqueous workup. These nitrochlorins may be readily converted into the denitrated chlorin by 
treatment with tributyltin hydride or into the corresponding denitrated porphyrin by elimination 
of nitrous acid by heating or treatment with silica. Deuterium labeling studies show that the formation 
of nitrochlorin from nitroporphyrin involves attack by hydride at the j3-pyrrolic carbon next to that 
bearing the nitro group followed by protonation of the resultant nitronate in aqueous workup. SpecMc 
deuteriation at the @-pyrrolic next to that previously occupied by a nitro group is readily achieved 
by borodeuteride ion reaction with a 2-nitroporphyrin (50 atom 5% deuterium incorporation) or with 
a 2-methoxy-3-nitroporphyrin (100 atom 5% deuterium incorporation). 

The relationship between the various members of the 
porphyrin, chlorin, and bacteriochlorin macrocyclic family 
is principally one of oxidation level. The porphyrin 
macrocycle is fully unsaturated while the chlorin macro- 
cycle contains one saturated C-C bond1 and the bacte- 
riochlorin and isobacteriochlorin macrocycles contain two 
saturated C-C bonds. The degree of saturation of the 
ring profoundly affects the spectral and redox properties 
of the macrocycle.24 To extend our studies of tautomerism 
and aromaticity within this class of macro~ycles ,~~ we 
required a number of specifically reduced and substituted 
5,10,15,20-tetraarylporphyrin derivatives. 

Porphyrins are readily reduced to chlorins or bacteri- 
ochlorins in vitro by standard hydrogenation proce- 

(1) TheIUPAC recommendations (Moss, G. P. Pure Appl. Chem. 1987, 
69,779-832) propose that chlorins should be named aa 2,3-dihydropor- 
phyrins. This name implies that the inner hydrogens are on the nitrogen 
a tom at positions 21 and 22 in thefree-base compounds. We (Crossley, 
M. J.; Harding, M. M.; Sternhell, S.  J .  Org. Chem. 1988,641132-1137) 
and others (Schlabach, M.; Scherer, G.; Limbach, H.-H. J. Am. Chem. 
SOC. 1991,113,3550-3658) have pointed out the actual structures of free- 
base chlorine are not consistent with this nomenclature aa only one 
tautomer, that with the inner hydrogens on the other two nitrogene, 
be directly detected in solution NMR studies. There is no Wiculty rn 
the 2,3-dihydroporphyrin name for a metalloporphyrin, BB the issue of 
detectable tautomeric forma does not arise because there are no mobile 
inner hydrogens. Free-base chlorins, however,Fhould be named either 
as a 7,8-dihydroporphyrin (just BB bacteriochlom are 7,8,17,lStetrahy- 
droporphyrins) or as2,3-dihydro-2W,24H-prphyrh. In this paper and 
forthcoming papers, we prefer the later nomenclature aa it maintaina a 
link with the nomenclature of the starting porphyrins, rather than 
suggesting that it is the &pyrrolic substituenta that are moving poeitiona 
rather than the inner hydrogens, and maintains consistency with the 
metallochlorin nomenclature. 

(2) Scheer, H.; Inhoffen, H. H. In The Porphyrins Dolphin, D., Ed.; 
Academic Press: New York, 1978; Vol. II; pp 46-90. 
(3) Gouterman, M. In The Porphyrins; Dolphin, D., Ed.; Academic 

Preee: New York, 1978; Vol III, pp 1-165. 
(4) Felton, R. H. In The Porphyrins; Dolphin, D., Ed.; Academic 

Press: New York, 1978; Vol. V, pp 53-125. 
(5)  Crosslev, M. J.: Hardina, M. M.: Sternhell, S. J. Am. Chem. SOC. 

1986,I08,3668-3613. 

Chem. SOC. 1987,109,23362341. 
(6) Crwley, M. J.; Field, L. D.; Harding, M. M.; Sternhell, 5. J. Am. 

(7) Crossleu, M. J.: Hardina, M. M.: Stemhell, S. J.  Om. Chem. 1988, 
63,1132-1137. 

57, 1833-1837. 

1992,114,3266-3272. 

- - 

(8) Croasley, M. J.; Harding, M. M.; Sternhell, S .  J. Org. Chem. 1992, 

(9) Crossley, M. J.; Harding, M. M.; Stemhell, S .  J. Am. Chem. SOC. 

dures;l0J1 however, mixtures of regioisomers are obtained 
and the method is prone to give over-reduced products. 
Smith and Simpson have reported that the photoreduction 
of several octa-substituted zinc(I1) porphyrins to zinc(I1) 
chlorins is ring specific depending on the substituents 
present.12 In general, however, methods for the directed 
reduction of a porphyrin pyrrole ring have been lacking. 
Herein, we address this deficiency in the case of the 
5,10,15,20-tetraarylporphyrins. 

Borohydride ion is an effective nucleophile for conjugate 
addition to nitroene systems leading to reduction of the 
double bond.13J4 As 2-nitroporphyrins show many sim- 
ilaries in their reactions to simpler nitroenes, we thought 
that a nitro group on a j3-pyrrolic position of a porphyrin 
should direct the reduction of the porphyrin ring. Re- 
gioselective reduction of the pyrrolic j3-j3 bond bearing 
the nitro group, by conjugate addition of hydride, in 
free-base and metalated 2-nitroporphyrin would afford 
the corresponding 2-nitro-2,3-dihydroporphyrins ( 2 4 -  
trochlorins). Reductive denitration of 2,3-dihydro-2,2- 
dimethoxy-3-nitroporphyrins has been achieved using 
tributyltin hydride and 2,2’-azobis(isobutyronitrile) 
(AIBN),16 and the successful application of this reaction 
seemed likely in the present case. A regiospecific route 
from 2-nitroporphyrin 1 to the corresponding chlorin 3 
was envisaged (Scheme I). The realization of this pro- 
cedure is reported herein. Use of deuteriated reagents 
and deliberate promotion of nitrous acid elimination from 
deuterium labeled 2-nitro-2,3-dihydroporphyrins inter- 
mediates also provides a new route for the regiospecific 
synthesis of deuteriated porphyrins and chlorins. 

(10) Fuhrhop, J.-H. In Porphyrins and Metalloporphyrins; Smith, K. 

(11) Scheer, H. In The Porphyrins; Dolphm, D., Ed.; Academic Press: 

(12) Smith, K. M.; Simpson, D. J. J.  Chem. SOC., Chem. Commun. 

(13) Sevem, T.; Schmitz, R.; Temme, H.-L. Chem. Ber. 196336,2499- 

(14) Kniel, P. Helu. Chim. Acta 1968,61, 371-372. 
(15) Catalano, M. M.; Crossley, M. J.; King, L. G. J.  Chem. SOC., Chem. 

M., Ed.; Elsevier: Amsterdam, 1975; pp 6 2 v .  

New York, 1978; Vol 11, pp 1-44. 

1987,613-614. 

2603. 

Commun. 1984,1537-1638. 
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Scheme I 
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Results and Discussion 
Treatment of a solution of 2-nitro-5,10,15,20-tetra- 

phenylporphyrin (1) (3 mM) in dimethyl sulfoxide (Mez- 
SO) with sodium borohydride (2.4 equiv) for 15 min 
afforded the nitrochlorin, 2,3-dihydro-2-nitro-5,10,15,20- 
tetraphenyl-2W,24H-porphyrin (2a), in essentially quan- 
titative yield after aqueous workup (Scheme I). A 'J 
coupling (1 Hz) between the inner NHs and the protons 
at (2-7, C-8, (2-17, and (2-18 confirms that the inner 
hydrogens reside on N-22 and N-24 as e x p e ~ t e d ; ~ J ~ J ~  this 
tautomer has an 18-atom 18-*-electron aromatic delocal- 
ization pathway whereas the tautomer with the inner 
hydrogens on N-21 and N-23 has a less-stabilized 17-atom 
18-?r-electron aromatic delocalization pathway? 

The nitrochlorin 2a proved unstable to warming and to 
chromatography as these processes caused the elimination 
of nitrous acid to afford the parent porphyrin 4. The 
nitrochlorin 2a was, therefore, reductively denitrated 
without further purification by a protocol involving 
sequential addition of AIBN (10 equiv), tributyltin hydride 
(51 equiv), and the nitrochlorin 2a to a refluxing solution 
of benzene under nitrogen. This procedure afforded the 
parent chlorin, 2,3-dih~5,10,15,~O-tetraphenyl-2w,24H 
porphyrin18 (a), in 81 9% yield with minimal formation of 
the byproduct 4, formed by thermal elimination of nitrous 
acid. 

The formation of the nitrochlorin 2a from 1 could have 
involved initial hydride attack at either the carbon bearing 

(16) Storm, C. B.; Teklu, Y. J. Am. Chem. Soc. 1972,94,17461747. 
(17) schlabach, M.; Scherer, G.; Lmbach, H.-H. J. Am. Chem. SOC. 

(18) Dorough, C. D.; Huennekena, F. M. J. Am. Chem. SOC. 1962,74, 
1991,113, %6&3668. 

3974-5978. 

BuoSnH 
* 

A 

the nitro group or at the adjacent @-pyrrolic position. The 
use of deuteriated reagents in NMR spectroscopy exper- 
iments clarified the mechanism of the reaction and 
suggested a new protocol whereby one or more deuteriums 
may be introduced regiospecifically to a @-pyrrolic ring of 
5,10,15,20-tetraarylporphyrins and -chlorins. The NMR 
spectrum of the unlabeled nitrochlorin, 2,3-dihydro-2- 
nitr0-5,10,15,20-tetraphenyl-2W,24H-porphyrin (2a), 
showed the C-2 and two C-3 hydrogens as a three-spin 
sytem. In &-Me80 solution, the C-2 hydrogen resonated 
at 6 7.42, consistent with it being in a geminal position to 
the 2-nitro group. It showed a 9.4Hz coupling to hydrogen 
Ha (6 4.94) at (2-3, the two hydrogens being cis and in an 
essentially eclipsed relative orientation, and it showed a 
1.4-Hz coupling to hydrogen HB (6 4.39). The two C-3 
hydrogens showed a geminal coupling of 17.8 Hz. When 
the reaction was carried out using sodium borodeuteride 
and quenched with HzO, one deuterium was introduced; 
it was evenly distributed ( - 50 atom 7% ) at the two positions 
on C-3, and the 17.8 Hz geminal coupling seen in the lH 
NMR spectrum of unlabeled material was absent. The 
product was clearly 2b. Quenching a reaction using NaBK 
with [ZHIzO resulted in the regiospecific introduction of 
deuterium (-100 atom 7%) at C-2 (the resonance at 6 7.42 
and the corresponding couplings to the vicinal hydrogens 
seen in unlabeled material were absent in the lH NMR 
spectrum of the reaction product). In this case the product 
was clearly 2c. These data require a reaction mechanism 
(Scheme I) involving addition of hydride (or deuteride) to 
the porphyrin at the @-pyrrolic carbon adjacent to that 
bearing the nitro group thereby leading to an approxi- 
mately planar nitronate which is quenched by protonation 
at C-2 from either face (with equal probability) of the 
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Scheme I1 
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Sa M = C u  6a M = C u  
5b M = Z n  6b M = Z n  -HN02 or 
5c M = N i  6c M = N i  -[*HINO2 

1. NaBH4 
2. [2H120 [Pathway] 

9 8 b  

macrocycle. Appropriate use of unlabeled reagent or the 
deuteriated analogs of NaBH,, HzO, and BusSnH would 
allow the parent chlorin, 2,3-dihydro-5,10,15,2O-tetraphen- 
yl-2W,24H-porphyrin (3), to be prepared as the [2-2H11, 
[2,2-2H21, [2,3-2H2], or the [2,2,3JH3] derivative as desired. 

The procedure was also amenable to the preparation of 
metallochlorins from the corresponding metallo-2-ni- 
troporphyrins and once again allowed the regiospecific 
introduction of a deuterium atom into the reduced pyrrole 
ring of the chlorin (Scheme 11). In this case, reactions of 
(2-nitro-5,10,15,20-tetraphenylporphyrinato)copper- 
(II),19920 -zinc(II),mv21 and -nickel(II) (Sa-c) were investi- 
gated, the nickel porphyrin Sc being obtained in 73 % yield 
by nitration of (5,10,15,20-tetraphenylporphyrinato)- 
nickel(I1) using nitrogen dioxide.20 

Thus, reaction of a solution of (2-nitro-5,10,15,20- 
tetrapheny1porphyrinato)copper (11) (Sa) in MezSO with 
sodium borodeuteride afforded (2,3-dihydro-2-nitro- 
5,10,15,2O-tetraphenyl [3-2H11 porphyrinato)copper (II) (6a) 
in quantitative yield (Scheme 11, pathway A). The blue- 
green nitrochlorin 6b had a distinctive chlorin-like visible 
spedrum3J8 and nitro stretch (v- 1550) in the infrared 
spectrum; however, no parent ion was able to be detected 
in the mass spectrum because of facile thermal elimination 
of nitrous acid. Subsequent reductive denitration with 
tributyltin hydride and AIBN gave (2,3-dihydro-5,10,15,20- 
tetraphenyl[2-2H~1porphyrinato)copper(II)n (7) in 76% 
yield with only a trace of the corresponding elimination 
product 88. 

Deliberate promotion of nitrous acid elimination from 
deuterium labeled metallonitrochlorins provided access 

(19) Giraudeau, A.; Callot, H. J.; Jordan, J.; Ezhar, I.; Gross, M.J. Am. 

(20) Catalano, M. M.; Crossley, M. J.; Harding, M. M.; King, L. G. J. 

(21) Shine, H. J.; Padilla, A. G.; Wu, 5.-M. J. Org. Chern. 1979, 44, 

Chem. SOC. 1979,101,3857-3862. 

Chem. Soc., Chem. Commun. 1984, 1536-1536. 

40694075. 
(22) Several syntheses of unlabeled material have been reported: 

Egorova, G. D.; Mashenkw, V. A.; Solov’ev, K. N.; Yushkevich, N. A. Zh. 
Rik l .  Spekrosk. 1973, 19, 838-842 (Chem. Abetr. 1974, 80, 65214~). 
Anderson, L. A.; Loehr, T. M.; Sotiriou, C.; Wu, W.; Chang, C. K. J. Am. 
Chem. SOC. 1986, 108, 29084916. Lahiri, G. K.; Summers, J. S.; 
Stohenberg, A. M. Inorg. Chem. ~991,30,5049-50S2. 

7 

8a M = Cu, X = [H or ‘HI 
8b M=Zn,X=[Hor2H]  
8c M = Ni, X = [H or ‘HI 

to regiospecifically deuterium labeled porphyrins. Both 
heat and chromatography of the nitrochlorin 6a over silica 
promoted the elimination of nitrous acid and afforded 
(5,10,15,20-tetraphenyl[2-2H] p0rphyrinato)copper (11) (8a) 
(67 % yield overall from Sa, 53 atom % deuterium). Similar 
treatment of (2-nitro-5,10,15,20-tetraphenylporphyrina- 
to)zinc(II) (Sb) with borodeuteride followed by chroma- 
tography afforded (5,10,15,20-tetraphenyl[2-2Hl-porphy- 
rinato)zinc(II) (8b) (51% yield, 47 atom 96 deuterium). 
Likewise, reaction of a suspension of (2-nitro-5,10,15,20- 
tetraphenylporphyrinato)nickel(II) (5c) with borodeu- 
teride and subsequent chromatography gave (5,10,15,2O- 
tetraphenyl[2-2H]porphyrinato)nickel(II) (&) (20% yield, 
55 atom % deuterium) together with recovered starting 
nitroporphyrin 5c (75%), the low conversion in this case 
being due to the low solubility of the starting porphyrin 
in the reaction mixture. 

In these metalloporphyrin cases, the observation of 
approximately 50 % deuterium incorporation is consistent 
with nonselective protonation of an intermediate nitronate 
ion to give an equimolar mixture of diastereomeric 2,3- 
dihydro-2-nitro- [3-2H,]porphyrins 6a-c. Elimination of 
nitrous or deuterionitrous acid from the appropriate 
diastereomer will then give rise to the parent porphyrin 
8a-c with 50 atom % deuterium. 

Use of a different combination of deuterium labeling in 
the reagents allowed regiospecific replacement of the nitro 
group of (2-nitro-6,lO,l5,2O-tetraphenylporphyrina~)zi.n~- 
(11) (5b) by deuterium to give (5,10,15,2O-tetraphenyl[2- 
2Hlporphyrinato)zinc(II) (8b) (>98 atom % deuterium) 
(Scheme 11, pathway B). This was accomplished by 
performing the reaction with borohydride and quenching 
the reaction with DaO; elimination of nitrous acid from 
the intermediate 2-deuterio-2-nitro-2,3-dihydroporphyrin 
9, facilitated by absorption onto silica, then gave the 
2-deuterioporphyr in (8b). 

While the reaction of 2-nitroporphyrin with borodeu- 
teride (Scheme 11, pathway A) provided a simple and 
convenient method for the partial (-50 atom %) incor- 
poration of a deuterium atom into the 8-pyrrolic site 
adjacent to that previously occupied by the nitro group, 
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relatively electron-rich zinc(I1) 2-nitro-5,10,15,2O-tet- 
raphenylporphyrin (5b) only reacts with borohydride. 

The facility of this conjugate addition on the periphery 
of an aromatic molecule is due to the nature of porphyrin 
aromaticity. The p-j3 bond bearing the nitro substituent 
can behave as a nitroene system without disrupting the 
aromaticity of the macrocycle. In the case of the free base 
1, the tautomer 2-nitro-5,10,15,20-tetraphenyl-2W,24H- 
porphyrin, in which there is an isolated nitroene system, 
is heavily favored in solution at tautomeric equilibrium. 

NaBIZH]4 

1 1  1 0  

1. NaB[*H], 

2. H& 
c-- 

1 2  

8 C  

a method to fully deuteriate this site was required. We 
reasoned that this could be achieved if a leaving group 
other than hydrido was positioned at the site required to 
be deuteriated. This was accomplished by reaction of 
borodeuteride with 2-methoxy-3-nitroporphyrin 10 
(Scheme 111); the synthesis of 10 was achieved by treatment 
of Sc with methoxide.ls 

The reaction of borodeuteride ion with (2-methoxy-3- 
nitro-5,10,15,20-tetraphenylporphyrinato)nickel(II) (10) 
was found to proceed with rapid substitution of a deuteron 
for the methoxylto give the corresponding metallo-2-nitro- 
[3-2H]porphyrin 12 that then underwent a slower second 
nucleophilic attack to give the metallo-2,3-dihydro-2-nitro- 
[2,2-2Hz]porphyrin 13. As was observed with the mono- 
deuteriated nitrochlorins 6, elimination of deuterionitrous 
acid then gave [2-2Hlporphyrin 8c. Chromatography of 
the products of a reaction mixture quenched after 15 min 
by addition of water afforded nickel(I1) [2-2Hlporphyrin 
8c (>98 atom % deuterium, 36%) and nickel(I1) 2-nitro- 
[3-2Hlporphyrin 12 (>98 atom % deuterium, 55%).  
Compound 12 has proved very valuable in mechanistic 
studies of other reactions of 2-nitroporphyrins; these 
studies will be reported separately. 

The reactivity of the borohydride nucleophile toward 
2-nitroporphyrins parallels that of alkoxide nucleophi1esls 
which also give conjugate addition. In contrast, the %oft” 
a-benzaldoximate nucleophile gives ipso substitution with 
nitroporphyrins,23 as do reactions with thiolate nucleo- 
philes.% While both the copper(I1) and nickel(I1) 2-ni- 
troporphyrins 5a and 5c show all of these reactions, the 

(23) C r d e y ,  M. J.; King, L. G.; Pyke, 5. M. Tetrahedron 1987,43, 

(24) Croeeley, M. J.; King, L. G.; Wilson, M. G., rnanuecript in 
4569-4577. 

Conclusion 
The two step reduction of the easily accessible 2-nitro- 

5,10,15,2O-tetraphenylp0rphyrin~ to the corresponding 
chlorin via borohydride addition and reductive radical 
denitration provides a facile, high-yielding procedure 
which is both regiospecific and amenable to use in the 
presence of other reducible side chains, e.g. vinyl groups. 
Furthermore, this procedure is clearly adaptable to the 
preparation of chlorins with one to four deuterium (or 
tritium) atoms in the chlorin ring by a combination of 
choice of starting material (nitroporphyrin or 2-methoxy- 
3-nitroporphyrin) and/or the use of a D2O quench and/or 
tributyltin deuteride at the appropriate stage in the 
sequence. 

The regioselective 8-deuteriation of a porphyrin ring at 
a site vicinal to that previously occupied by a nitro group 
is readily achieved with 50 % deuterium incorporation by 
the reaction of borodeuteride ion with a 2-nitroporphyrin, 
an HzO quench, followed by elimination of nitrous acid or 
deuterionitrous acid. Regioselective replacement of the 
nitro group by deuterium is readily achieved with 100% 
deuterium incorporation by the reaction of borohydride 
ion with a 2-nitroporphyrin and a D2O quench, followed 
by elimination of nitrous acid. This deuteriation meth- 
odology complements the existing procedure for the 
deuteriation of the porphyrin ring involving ipso replace- 
ment of anitrogroup with deuterium via the intermediacy 
of an (arylthio)porphyrin.2s 

This work is a further illustration of that 2-nitropor- 
phyrins are versatile starting materials for introduction 
of other functionality to the porphyrin periphery.15*23*2km 

Experimental Section 
Melting points were determined on a Kofler hot stage and are 

uncorrected. Infrared spectra were recorded on a Perkin-Elmer 
221 spectrometer or a Perkin-Elmer 710B spectrometer. Elec- 
tronic spectra were recorded on a Hitachi 150-20 spectropho- 
tometer. ‘H NMR spectra were recorded on a Bruker WM 400 
spectrometer (400 MHz), with tetramethylsilane as internal 
standard. Mass spectra were recorded at 70 eV on an A.E.I. MS 
902 spectrometer. Deuterium content of deuteriated compounds 
was determined from their mass spectrum and checked by 
computer simulation of the spectrum. Microanalyses were 
performed by the Australian Mineral Development Laboratory, 
Melbourne, Australia. 

Column chromatography was routinely carried out using the 
flash chromatography technique on Merck silica gel type 9386 

(25) Croeeley, M. J.; Gosper J. J.; Wilson, M. G. J.  Chem. SOC., Chem. 

(26) Croeeley, M. J.; King, L. G. J.  Chem. Soc., Chem. Commun. 1984, 

(27) Crosaley, M. J.; Burn, P. L. J.  Chem. SOC., Chem. Commun. 1987, 

Commun. 1985,1798-1799. 

920-922. 

RQ-Afl -- --. 
(28) Baldwin, J. E.; Croeeley, M. J.; DeBernardis, J. F. Tetrahedron 

(29) Croeeley, M. J.; Goeper, J. J.; King, L. G. Tetrahedron Lett. 1988, 
1982,38,685-692. 

29,1597-1600. preparation. 
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(230-400 mesh). All commercial solvents were redistilled prior 
to use. Light petroleum refers to the petroleum fraction of bp 
60-80 OC. Where solvent mixtures are used, the proportions are 
given by volume. 

2~-Dihydro-2-nitro-6,10,16~O-tetraphenyl-~E~4E-por- 
phyrin (2a). A solution of 2-nitro-5,10,15,20-tetraphenylpor- 
phyrinm" (1) (49 mg, 0.074 mmol) in Meso (25 mL) was stirred 
with sodium borohydride (7 mg, 0.18 mmol) for 15 min. The 
mixture was then diluted with dichloromethane (50mL), washed 
with water (5 X 100 mL), dried over anhydrous NafiO4, filtered, 
and the solvent was removed by rotary evaporation at  room 
temperature to afford chlorin 2a as a brown solid in quantitative 
yield mp >350 OC (decomposes with elimination of nitrous acid 
>50 OC); IR v,. (Nujol) 3350 br (NH), 1546 cm-1 (unconjugated 
NO2); UV and Vie A- (CHCb) 367,407sh, 418, a s h ,  617,646, 
591,644 nm (log e 4.55,5.19,5.32,3.64,4.17,4.14,3.84,4.35); 'H 
NMR 6 (CDCl2) -1.84 (1 H, br s, interior NH), -1.77 (1 H, br 
s, interior NH), 4.65 (1 H, dd, J%M = 2.1 Hz, J&# = 18.4 Hz, 
H-3@), 4.76 (1 H, dd, J w  = 9.6 Hz, J w  = 18.4 Hz, H-3a), 7.24 
(1 H, dd, Jb$p = 2.1 Hz, J%& = 9.6 Hz, H-2a),7.61-7.83 (14 H, 
m, H, and H, of 4 phenyls and H,, of 1 phenyl), 8.01-8.11 (4 H, 
m, H,, of 2 phenyls), 8.13-8.24 (2 H, m, H,, of 1 phenyl), 8.30 and 

8.48 and 8.51 (2 H, ABq, J = 4.8 Hz, H-12,13); MS m/z 614 (M 
- HNOz,100%). Attempts to prepare a sample for combustion 
analysis by an additional chromatography step or by recrystal- 
lization resulted in contamination of the product with 5,10,15,20- 
tetraphenylporphyrin (4) from a facile elimination of nitrous 
acid. 

2~-Dihydro-6,10,15~0-tetraphenyl-22E,24E-porphyrin- 
(3). To refluxing dry benzene (25 mL) under nitrogen were 
sequentiallyadded AIBN (13Omg,O.79mmol), tributylthhydride 
(1 mL), and a solution of 2,3-dihydro-2-nitro-5,10,16,2O-teb 
raphenyl-22H,24H-porphyrin (2a), prepared by the method 
described above from 2-nitro-5,10,15,20-tetraphenylporphyrin 
(1) (49 mg, 0.074 mmol) in dry benzene (8 mL). The mixture was 
refluxed under nitrogen for 1.5 h and allowed to cool, and the 
solvent was removed by rotary evaporation. The residue was 
triturated with light petroleum (4 X 100 mL), and the soluble 
fractions were filtered through a silica column (6 cm diameter, 
100 g) under vacuum. The procese was repeated using succeeaively 
more polar mixtures of dichloromethane/light petroleum (1:9, 
100 mL), (1:4, 100 mL), (37, 100 mL) and (2:3, 250 mL). The 
first and major brown band to be eluted from the column was 
collectedandevaporatedtodrynesstoyield2,3-dihyro-5,10,15,20- 
tetraphenyl-2W,24H-porphyrin (3) (37 mg, 81% from the 
nitroporphyrin 2a): mp >350 O C ;  IR v,. (nujol) 3300 br (NH), 
1560 s cm-1; UV and vis A,. (CHCb) 372,407sh, 420,484,520, 
647,598,652 nm (log e 4.49,6.10,5.29,3.60,4.14,3.98,3.72,4.46) 
[lit.18 A, (benzene) 419,517,542,598,662 nm (log e 5.28,4.20, 
4.08,3.79,4.62)]; 1H NMR 6 (CDCb) -1.44 (2 H, bra, NH), 4.15 
(4 H, s,2 X CHn), 7.64-7.71 (12 H, m, H, and H$, 7.84-7.90 (4 
H, m, H,, at C-5,20), 8.08-8.13 (4 H, m, H,, at C-10,15), 8.17 and 
8.56 (4 H, br ABq, J = 5 Hz, H-7,8,17,18), 8.41 (2 H, s, H-12,13); 
MS m/z 618 (151,617 (62), 616 (M+, loo%), 615 (301,614 (M - 
2H, 38). 
(2,3-Dihydro-2-nitro-6,10,16,20-tetraphenyl[3-*E~]- 

porphyrineto)coppem(II) (6a) and (6,10,16,20-tetraphenyl- 
[2-*H ]porphyrinato)copper(II) (Sa). A solution of (2-nitro- 
5,10,15,20-tetraphenylp0rphyrinato)copper(II)~~~ (Sa) (97 mg, 
0.13 mmol) in dry, distilled Ma0 (50 mL) was stirred under 
nitrogen with sodium borodeuteride (50 mg, 1.2 mmol) for 20 
min. The mixture was diluted with dichloromethane (100 mL), 
washed with water (6 X 200 mLJ, dried over anhydrous NafiO,, 
and filtered, and the solvent was removed by rotary evaporation 
at room temperature to afford (2,3-dihydro-2-nitro-5,10,15,20- 
tetraphenyl[3-aH11porphyrinato)copper(II) (6a) as a blue-green 
solid in quantitative yield: mp >350 OC (decomposes >50 OC); 
IR v,. (Nujol) 1600,1550 (NO'), 1340 cm-l (NO?); UV and vis 
A,. (CHCb) 414,474sh, 508,540,574,608 nm (log e 5.42,3.46, 
3.64,3.83,3.89,4.37); M S  mlz 679 (25%), 678 (561,677 (751,676 

Chromatography of crude 6a on a silica column (4 cm diameter, 
200 g) eluted with dichloromethane/light petroleum (k1) afforded 
a major red band of (5,10,15,20-tetrapheny1[2-aHlporphyrinato)- 

8.68 (2 H, d Of ABq, 'Jm-~i 4.8 Hz, H-7,8), 8.38 
and8.72(2H,dofABq,4Jm-~=1.0H~,J17,1I1=4.7H~,H-17,18), 

1.0 Hz, J7s 

(M-HNO2,100), 675 (M - ['H]N02,63). 

Croeeley and King 

copper(I1) (8a) (53 atom % deuterium, 61 mg, 67 % 1, MS m/z 680 
(IO%), 679 (26), 678 (57), 677 (751,676 (['HIM+, 100), 675 (['HI- 
M+, 63). This product cochromatographed with and had the 
same electronic spectrum as the corresponqing unlabeled 
(6,10,15,20-tetraphenylporphyrinato)copper(II).~ 

( 2 ~ - D i h y ~ 6 , 1 0 , 1 5 ~ ~ p ~ n ~ 1 - [ 2 ~ ~ 1 ~ ~ 4 ~ ~ -  
copper(I1) (7). A solution of (2,3-dihydro-2-nitr0-5,10,15,20- 
tetraphenyl[3-~H~]porphyrinato)copper(II) (6a) (79 mg, 0.11 
mmol), AIBN (40 mg, 0.24 mmol), and tributyltin hydride (1.5 
mL) in dry benzene (50 mL) was heated at reflux under nitrogen 
for 2 h. On cooling, the solvent was removed by rotary 
evaporation. The residue was triturated with light petroleum (2 
x 50 mL) and filtered. The residue was triturated with 
dichloromethane/light petroleum (l:l, 2 X 50 mL) and filtered. 
The filtrate was chromatographed on a silica column (4 cm 
diameter, 250 g) eluted with dichloromethane/liiht petroleum 
(1:l) and the front running, major, blue-green band was collected, 
evaporatedtodryness,andcombinedwiththeundieeolvedreeidue 
to yield (2,3~y&o-5,10,15,20-tetraphenylI2-aH- 
copper(II) (7) (56 mg, 76%): mp >350 OC; IR v,. (Nujol) 1560, 
1045,990 cm-l; UV and vis A- (CHCS) 395sh, 416,510,542,595, 
618nm(loge4.63,5.38,3.61,3.84,3.98,4.30);MSm/z681(19%), 
680 (44), 679 (58), 678 (M+, loo), 677 (77), 676 (M - 2H, 96), 675 
(M-2H, 58). The visiblespectrumofthisproductwasconsistent 
with the visible spectra data of the corresponding unlabeled 
material and the two compounds cochromatographed.41 

(6,10,16,20-Tetrapheny1[2-"lporphyrinato)dnc(11) (8b). 
Method A: Introduction of Deuterium Label at the 8-Pyr- 
rolic Position Adjacent to That Originally Occupied by 
the Nitro Group. A solution of (2-nitro-5,10,15,20-tetra- 
phenylporphyrinato)zinc(II)rnn (6b) (83 mg, 0.11 mmol) in dry, 
distilled MeSO (40 mL) was stirred with sodium borodeuteride 
(98 atom 5% deuterium, 40 mg, 0.95 m o l )  for 4 h. The mixture 
was then diluted with dichloromethane (100 mL), washed with 
water (6 X 100 mL), dried over anhydrous Na804, filtered, and 
evaporated to dryness. The crude nitrochlorin was chromato- 
graphed on a silica column (4 cm diameter, 200 g) eluted with 
dichloromethane/light petroleum (1:l) to yield (5,10,15,20- 
tetraphenylr 2-2H]porphyrinato)zinc(II) (8b) (61 atom % deu- 
terium, 35 mg, 47%): 1H NMR 6 (CDCb) 7.72-7.81 (12 H, m, m 
and p-Ph), 8.20-8.25 (8 H, m, 0-Ph), 8.95 (7.5 H, a,@-pyrrolic H); 
MS m/z 682 (21%), 681 (381, 680 (481, 679 (661,678 (67), 677 
(['HIM+, loo), 676 (['HIM+, 641, 675 (30). This compound 
cochromatographed with and had a W and vie spectrum 
essentially identical to that of an authentic sample of corre- 
sponding unlabeled compound.mfl 

Method B: Introduction of Deuterium Label at the 
@-Pyrrolic Position Previourly Occupied by the Nitro 
Group. To a solution of (2-nitro-5,10,15,20-te~phenyl~~h~ 
rinato)zinc(II)rnJl (6b) (100 mg, 0.14 m o l )  in dry, distilled M e  
SO (25 mL) was added DzO (100.0 atom 95 D, 0.25 mL) followed 
by sodium borohydride (100 mg, 2.4 mmol) and the mixture was 
stirred for 1 h. The mixture WBB then diluted with further D*O 
(100.0 atom 9% deuterium, 2.25 mL) and the blue-green mixture 
was well stirred for 30 min. Dichloromethane (80 mL) was added 
and the organic layer wae washed with water (6 X 50 mL), dried 
over anhydrous NafiO,, filtered, and evaporated to drynew. The 
crude nitrodorin 9 was taken up in chloroform (20 mL) and 
adsorbed onto silica (Merck silica gel BO HFt, type 7744,lO g), 
stirred at 50 OC for 30 min, during which time the color became 
purple-red, and then the solvent waa removed on a rotary 
evaporator at 50 OC. The silica was added to the top of a short 
column (8 cm diameter X 8 cm length) of the same silica type 
and the whole was eluted with dichloromethane/light petroleum 

tetraphenyl[2-~H]porphyrinato)~c(II) (8b) as a crimeon solid 
(>98 atom % deuterium, 39 mg, 42% 1, mp >3M) OC; lH NMR 6 
(CDCb) 7.72-7.81 (12 H, m, m and p-Ph), 8.20-8.25 (8 H, m, 
o-Ph), 8.95 (7.0 H, ~,8-pyrrolic HI; MS m/z 683 (12%), 682 (35!, 
681 (60), 680 (55), 679 (76), 678 (70), 677 (M+, 100). This 

(30) Dorough, G. D.; Miller, J. R.; Huennekem, F. M. J. Am. Chem. 
SOC. 1#1,79,4316-4322. Edwards, L.; Dolphin, D. H.; Goutermau, M.; 
Adler, A. D. J. Mol. Spectrosc. 1971,38, 16-32. 

(31) Barnett, G. H.; H u h n ,  M. F.; McCombie, S. W.; Smith, K .  M .  
J.  Chem. SOC., Perkin "ram. 1 1973,691-696. 

(1:l). Workup of the fht (crimscm-piak) b d  yided  (6,10,15,Xb 
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compound also cochromatographed with the corresponding 
unlabelled (5,10,15,20-tetraphenylporphyrinato)zinc(II) .ma1 
(2-Nitro-S,10,1S~0-tetraphenylporphyrinato)nickel(II) 

(Sc). To a stirred solution/suspension of (5,10,15,20-tetra- 
phenylporphyrinato)nickel(II)sz (500 mg, 0.75 mmol) in chloro- 
form (1 L) was added a solution of nitrogen dioxide in light 
petroleum (0.5 % (w/v), 15 mL) over a period of 6 h. The mixture 
was then evaporated to dryness. The residue was chromato- 
graphed over a silica column (10 cm diameter, 600 g) eluted with 
chloroform/light petroleum (1:l) to yield a red, front-running 
band of unreacted (5,10,15,20-tetraphenylporphyrinato)nickel- 
(11) (43 mg, 9%) and a major, red-green band of (2-nitro- 
5,lO,l5,20-te~aphenylporphyrinato)nickel(II) (b) (391 mg, 73 %), 
which was recrystallized from chloroform/hexane as purple 
microcrystals: mp >350 "C; IR v,, (Nujol) 1525 (NOz), 1345 
cm-1 (NOa); UV A, (CHCb) 383,431,541,585 nm (log c 4.51, 
5.16,4.08,3.98); 'H NMR 6 (CDCb) 7.56-7.77 (12 H, m, m- and 
p-Ph), 7.93-8.02 (8 H, m, o-Ph), 8.63 and 8.66 (2 H, ABq, JAB 5 
Hz, 8-pyrrolic H), 8.64 and 8.72 (2 H, ABq, JAB 5 Hz, @-pyrrolic 
H), 8.67 and 8.71 (2 H, ABq, JAB 5 Hz, 8-pyrrolic H), 8.99 (1 H, 
s, C(3)H); MS m/z 718 (lo%), 717 (18), 716 (16), 715 (M+, 31), 
689 (19), 688 (32), 687 (50), 686 (551,685 (M- NO, loo), 684 (18), 
683 (28). Anal. Calcd for CdInNaNiOz: C, 73.8; H, 3.8; N, 9.8. 
Found C, 73.9; H, 3.6; N, 9.7. 
(S,lO,lS~T~raphenyl[2-~]~rp~a~)~ckel(II) (&). 

A slurry of (2-nitro-5,10,15,20-tetraphenylporphyrinato)nickel- 
(11) (Sc) (110 mg, 0.154 mmol) in dry, distilled MezSO (50 mL) 
was stirred with sodium borodeuteride (98 atom % deuterium, 
55 mg, 1.31 mmol) under nitrogen for 5 h. The mixture was 
diluted with dichloromethane (200 mL), washed with water (6 
X 200 mL), dried over anhydrous NazSO4, fiitered, and evaporated 
to dryness. The crude nitrochlorin was chromatographed on a 
silica column (4 cm diameter, 300g) eluted withdichloromethane/ 
light petroleum (7:3) to yield a front running red band of 
(5,10,15,20-tetraphenyl[2-zH]porphyrinato)nickel(II) (&) (55 
atom % deuterium, 20 mg, 20%), 'H NMR 6 (CDCls) 7.64-7.73 
(12 H, m, m- and p-Ph), 7.99-8.04 (8 H, m, o-Ph), 8.75 (7.5 H, 
8, j3-pyrrolic H); m/z 675 (lo%), 674 (30), 673 (60), 672 (72), 671 
([2H]M+, loo), 670 (['HIM+, 58). The compound cochromato- 
graphed with and had UV and vis essentially identical with that 
of the corresponding unlabeled compound, (5,10,15,20-tetra- 
phenylp~rphyrinato)nickel(II).~~~ A more polar red-green band 
afforded starting nitroporphyrin Sc (82 mg, 75%), identical in 
all respects to authentic material. 
(2-Metho.y-3-nitro-S,10,1S,2O-tetraphenylporphyrinato)- 

nickel(I1) (10). To a solution of (2-nitro-5,10,15,20-tetra- 
phenylporphyrinato)nickel(II) (Sc) (99 mg, 0.14 mmol) in DMF' 
(20 mL) was added solid sodium methoxide (31 mg, 0.57 mmol), 
and the mixture was stirred under nitrogen for 16 h. The mixture 
was then diluted with dichloromethane (100 mL), washed with 

(32) Adler, A. D.; Longo, F. R.; Kampae, F.; Kim, J. J. Znorg. Nucl. 
Chem. 1970,32,2443-2445. 
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water (6 X 200mL), dried over anhydrous sodium sulfate, fiitered, 
and evaporated to dryness. T h e  residue was chromatographed 
over silica. The second, red band gave (2-methoxy-3-nitro- 
5,10,15,20-tetraphenylporphyrinato)nickel(II) 10 (16 mg, 16%) 
which recrystallized from dichloromethane/hexane as f i e  red 
microcrystals: mp 301-303 OC; IR v,, (Nujol) 1570 cm-I (NO*); 
UV and vis A, (CHCb) 380eh, 425,540,578sh nm (log c 4.30, 

7.74 (12 H, m, m- and p-Ph), 7.83-7.88 (2 H, m, H, at 20-Ph), 
7.90-8.01 (6 H, m, H, at 5-, 10- and 15-Ph), 8.54 and 8.66 (2 H, 

(2 H, ABq, JAB = 5 Hz, 8-H)); MS m/z 749 (131,748 (261,747 (54), 
746 (55), 745 (M+, 1001,717 (17), 716 (18), 715 (29), 703 (13), 702 
(26), 701 (28), 700 (44), 699 (17), 698 (13), 697 (12), 688 (13), 687 
(13), 686 (201,685 (181,684 (13), 683 (13), 668 (16). Anal. Calcd 
forC&aN&iOs: C,72.4;H,3.9;N,9.4. Found C,72.6;H,3.9; 
N, 9.4. 
(S,lO,lS~Tetraphenyl[2-~]~rp~~~)nic~l(II) (&) 

and (2-nitro-S,10,lS~O-tetra~~enyl[3-'H]por~hy~nato)- 
nickel(I1) (12). A suspension of (2-methoxy-3-nitra-5,10,15,20- 
tetraphenylporphyrinato)nickel(II) (10) (40 mg, 0.064 mmol) in 
dry, distilled M e a 0  (40 mL) was stirred with sodium borodeu- 
teride (98% deuterium content, 20 mg, 0.48 mmol) for 15 min. 
The mixture was then diluted with dichloromethane (50 mL), 
washed with water (6 X 100 mL), dried over anhydrous NaBO4, 
fiitered, and evaporated to dryness. The residue was chromato- 
graphed on a silica column (4 cm diameter, 200 g) eluted with 
dichloromethane/light petroleum (1:l). The front running, blue 
band gradually turned red on the column and was collected and 
evaporated to dryness to yield (5,10,15,20-tetraphenyl[2-~Hl- 
porphyrinato)nickel(II) (84 (<98 atom % deuterium, 13 mg, 
36%): mp >350 OC; IR v,, (Nujol) 1590,1170,1065,995 cm-1; 
W and vis A,, (CHCL) 416,49Os, 529,614 nm (log t 5.34,3.51, 
4.19,2.69); 'H NMR 6 (CDCb) 7.64-7.73 (12 H, m, m- andp-Ph), 
7.99-8.04 (8 H, m, o-Ph), 8.75 (7.0 H, 8, 8-pyrrolic H); MS m/z 
675 (17%), 674 (28), 673 (58), 672 (60), 671 (M+, 100). 

The more polar, reddish-green band was collected to yield on 
evaporation (2-nitro-5,10,15,20-tetraphenyl[3-2Hlporphyrinato)- 
nickel(I1) (12) (>98 atom % deuterium, 21 mg, 54%), mp >350 
OC; 'H NMR 6 (CDCls) 7.56-7.77 (12 H, m, m- and p-Ph), 7.93- 
8.02 (8 H, m, o-Ph), 8.64 and 8.71 (2 H, ABq, J 5 Hz, 8-pyrrolic 
H), 8.65 (2 H, ABq, spacing 5 Hz, 8-pyrrolic H), 8.67 and 8.72 (2 
H, ABq, J 5  Hz, 8-pyrrolic H); MS m/z 720 (17%), 719 (301,718 
(55), 717 (58), 716 (M+, loo), 715 (18), 689 (20), 688 (36), 687 (58), 
686 (72), 685 (79), 684 (36), 683 (481,672 (14), 671 (18), 670 (24), 
669 (l8), 668 (ll), 667 (12). 

5.17,4.15, 3.81); 'H NMR 6 (CDCb) 3.74 (3 H, 8, OCHs), 7.54- 

ABg, JAB = 5 H, &H), 8.62 (2 H, 8,12- and 13-H), 8.65 and 8.71 
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