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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),20?21 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 
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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 
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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., manuecript 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, 
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Commun. 1985,1798-1799. 
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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 "01) 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 "01) 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 successively 
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 "01) 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, 'Jm4.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). 
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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-Tetraphenyl[2-~]porphyrinato)dnc(II) (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)2'Jfl (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)2'JJl (6b) (100 mg, 0.14 "01) 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 "01) 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 (cri"-piak) b d  y ided  (6,10,16,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 "01) 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 "01) in 
dry, distilled M e a 0  (40 mL) was stirred with sodium borodeu- 
teride (98% deuterium content, 20 mg, 0.48 "01) 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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A variety of symmetrical 1,l-bis(heteroary1)alkanes are prepared in excellent yields from the reaction 
of N-(a-benzotriazolylalky1)carbamate 2 (itself easily available from the condensation of benzotriazole, 
an aldehyde, and an alkyl carbamate) with an excess of 2-methylthiophene or 2-methylfuran. When 
methyl N-(a-benzotriazolylalky1)carbamate 2a is treated with 1 equiv of a heterocycle, the benzo- 
triazolylalkyl-substituted heterocycle is formed. These intermediates react further with other 
heterocycles to give unsymmetrical 1,l-bis(heteroary1)alkanes in good yields under mild conditions. 

Bis(heterocycly1)methanes are of interest to the food 
industry as they are present as natural compounds in food 
and beverage items such as licorice;' for example, difuryl- 
and dithienylalkanes are flavor agents in c ~ f f e e . ~ ? ~  Many 
bis(heterocycly1)methanes are also of importance in dye- 
stuff chemistry as they are readily oxidized to the 
corresponding cyanine dyes.4 Furthermore, 1,l-bis(het- 
erocycly1)alkanes are important intermediates in the 
synthesis of various heterocyclic macrom~lecules;~ for 
example, dipyrromethanes have been widely used as 
synthetic intermediates in total syntheses of porphyrinsS6 
The action of dichloromethyl alkyl ether and tin(1V) 
chloride on (diheteroary1)methanes is a useful route to 
polycyclic heteroaromatic  system^.^ 

Several synthetic routes to bis(heteroary1)methanes 1 
are known, but none is both general and convenient. 

R 

Het A Het' 

1 

Many are only applicable to the preparation of symmetrical 
bis(heterocycly1)methanes. Di-Zfurylmethane has been 
prepared by the reduction of di-2-fury1 ketonee and also 
by the interaction of 2-chloromercurifuran and furfuryl 
chloride.9 Reduction of the corresponding (diheteroary1)- 
methanols also gives (diheteroar~1)methanes.~ However, 
most of these methods are limited to the preparation of 
compounds in which an unsubstituted methylene group 
links the two heteroaromatic rings (1, Het = Het', R = H), 
and their utility is further restricted by the inaccessibility 
of suitable diheteroaryl ketones and methanols. The 
reaction of a (heteroary1)lithium with a (heteroary1)methyl 
chloride' gives a (diheteroaryllmethane, but it requires 
severe conditions. Thiophenes, furans, and pyrroles with 

(1) Frattini, C.; Bicchi, C.; Barettini, C.; Nano, G. M. J. Agric. Food 

(2) Shimoda, M.; Shibamoto, T. J.  Agric. Food Chem. 1990,38,802. 
(3) Stoll, M.; Winter, M.; Gautechi, F.; Flamment, I.; Willhalm, B. 

(4) Gol'dfarb, Ya. L.; Danyuahevskii, Ya. L. IZV. Akad. Nauk SSSR, 

(5) Gandini, A. Adu. Polym. Sci. 1977,25,47; Chem. Abstr. 1978,88, 

Chem. 1977,26, 1238. 

Helu. Chim. Acta 1967,50,628. 

Ser. Khim. 1963,3,540; Chem. Abstr. 1963,57, 3861a. 

900460. _._._ 
(6) '&in, J. B., 111. The Porphyrins; Dolphin, D., Ed.; Academic Preas: 

New York. 1978: Vol. 1. ~. _ . ~  

(7) &ed, M.; h h b y ,  J.; Ayad, M.; Meth-Cohn, 0. J. Chem. Soc., 

(8) Reichstein, T.; Gruesner, A.; Zschokke, H. Helu. Chim. Acta 1932, 
Perkin Tram. 1 1973,1099. 

16. 1M6. - - , - - - -. 
(9) Gilman, H.; Wright, G. F. J. Am. Chem. SOC. 1933,55,3302. 

Table I. Pmparation of 
N-( l-BenzotriazolylalkyI)carbsmatsr 

yield molecular found (required) 
c o m d  R R' 78) (%) fomula c H N 

2a iPr Me 118-120 84 CaH&O2 58.05 6.53 22.44 
(58.05) (6.50) (22.57) 

2b Ph Me 123-124 78 cl&&02 63.87 5.03 19.90 
(63.82) (6.00) (19.85) 

2c H Me 155-156 74 GHl&on 52.38 4.86 27.45 
(52.42) (4.89) (27.17) 

(69.76) (4.68) (16.27) 
2d Ph Ph 162-164 69 C&i&oz 69.59 4.73 16.27 

Scheme I 

B R A NHC0,R' 

1 

free a-positions are susceptible to electrophilic attack by 
aldehydes or ketones, and this is a well-known route to 
(diheteroary1)methane derivatives.1° However, this type 
of condensation generally requires a strong inorganic acid 
catalyst, such as 75 7% H2S04l1 or hydrochloricacid.'2These 
experimental conditions present the drawback of causing 
re~inificationl~ and degradation14 of the heterocyclic rings 
of substrates and products. An improvement of this 
condensation using macroporous ion-exchange resins as 
catalyst15 is satisfactory for the preparation of difuryl and 
dithienyl derivatives. 

Unsymmetrical bis(heterocycly1)methanes are far less 
explored; in fact, some structurally simple bis(heterocy- 
clyl)methanes, especially with two different heterocyclic 
ring systems, are not known. The few synthetic procedures 
available have only led to a limited number of compounds 
of this class. Perhaps the most important is the reduction 
of the corresponding alcohols. Sodium borohydride- 
trifluoroacetic acid reduction of (diheteroary1)methanols 
gives (diheteroary1)methanes in 32-76 5% yield;16 however, 
use of this reduction method has been confined to the 
methylene derivatives (1, R = H). Moreover, the prep- 

(10) Gronowitz, s. Adu. Heterocycl. Chem. 1963,1, 1. 
(11) Schick, J. W.; Crowley, D. J. J. Am. Chem. SOC. 1961,73, 1377. 
(12) Brown, W. H.; Sawatzky, H. Can. J. Chem. 1966,34, 1147. 
(13) Cairns, T. L.; McKuaick, B. C.; Weinmayr, V. J. Am. Chem. SOC. 

(14) Pennanen, S.; Nyman, G. Acta. Chem. Scand. 1972,26, 1018. 
(15) Riad, A.; Mouloungui, Z.; Delmae, M.; Gaset, A. Synth. Commun. 

1961, 73, 1270. 

1989,19, 3169. 
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Table 11. 'H NMR Data of N-(l-Benzotriazolylalkyl)carbamata 
~ ~~ 

benzotriazole (each H) 
compd H4 H5 H6 H7 NH (1H) OMe (3H, e) other signals 

2a 8.10 (d, 7.43 (t, 7.59 (t, 8.08 (d, 8.91 (d, 5.36 6.15 (t, J = 9.0 Hz, lH, CH), 
J = 9.0 Hz) J = 7.5 Hz) J = 7.6 Hz) J = 8.4 Hz) J = 8.7 Hz) 2.71 (m, lH, CHMeZ), 

1.18 (d, J 6.6 Hz, 3H, CHs), 
0.57 (d, J = 6.6 Hz, 3H, CHa) 

2b 8.12 (d, 7.41 (m, 7.56 (t, 7.95 (d, 9.47 (d, 3.64 7.86 (d, J = 8.6 Hz, lH, CH), 
J = 8.3 Hz) overlapped J = 7.9 Hz) J = 8.4 Hz) J = 8.5 Hz) 7.41 (m, 5H, Ph-H) 

J = 8.3 Hz) 

J = 8.3 Hz) overlapped overlapped overlapped J = 8.5 Hz) 7.44 (m, 7H, Ph-H), 

7.18 (m, lH, Ph-H) 

by PhH) 
2c 8.03 (d, 7.39 (t, 7.52 (t, 7.94 (d, 6.55 (e) 3.71 6.06 (d, J = 6.8 Hz, 2H, CH2) 

J = 7.6 Hz) J = 6.9 Hz) J = 8.3 Hz) 
2d 8.12(d, 7.44 (m, 7.44 (m, 7.86 (m, 10.0 (d, 7.86 (m, 2H, Ph-H), 

by PhH) by PhH) by PhH) 7.18 (m, lH, CH), 

Table 111. IF NMR Data of N-( 1-Benzotriazolylalky1)carbamates 
benzotriazole 

compd c4 cs C6 CI Csl. Cl. co other carbons 

19.1 (CHs), 18.2 (CHa) 

126.5 (Ph), 68.2 (CH), 52.1 (OCHS) 

2a 119.2 127.2 124.0 111.1 145.2 132.0 156.3 71.9 (CH), 51.7 (OCHa), 31.4 (CH), 

2b 119.2 127.4 124.1 111.1 145.3 131.5 156.1 135.9 (Ph), 128.7 (Ph), 128.5 (Ph), 

2c 119.4 127.9 124.4 110.8 146.0 132.4 156.8 53.5(CH2), 52.8 (OCHs) 
2d 119.4 127.7 124.3 111.2 145.5 131.7 154.2 150.5 (Ph), 135.7 (Ph), 129.4 (Ph), 

129.0 (Ph), 128.7 (Ph), 126.9 (Ph), 
125.5 (Ph), 121.7 (Ph), 68.1 (CH) 

Table IV. Preparation of Symmetrical l.l-Bis(heteroawl)alkanee 

compd heteroaryl R mp(OC) yield(%) 
3a 5-methylthiophen-2-y1 iPr 4646 90 
3b 5-methylthiophen-2-y1 Ph oil 94 
3c 5-methylthiophen-2-y1 H oil 86 
4a 5-methylfur-2-yl iPr oil 88 
4b 5-methylfur-2-yl Ph oil 90 (65)O 

0 From phenyl N-(1-benzotriazol-1-y1)carbamate (2d). 

Scheme I1 

1 + 

CXDcdS 3 

3.: R -  I-R 90% 
3 b : R - P h  94% 
k. R-H 86% 

i 

4 

b: R-I-R 88% 
4 b R - F n  9Gg 

aration of (diheteroary1)methanols usually requires lithi- 
ation under severe conditions. Alkyl a-methoxy- and 
a-hydroxypyrrylacetates interact with N-methylindole in 
the presence of Lewis acids to give diarylacetic esters," 
but the starting materials are not easily available and this 
method is not general. Condensation of an a-(acetoxy- 
methy1)pyrrole with an appropriately substituted pyrrole 
with a free a-position in acetic acid,ls in the presence of 
toluene p-sulfonic acidlo or Montmorillonite clay?" pro- 
duces unsymmetrical dipyrrolylmethanes. However, the 

(16) Nutaitis, C. F.;Patragnoni, R.; Goodkin, G.; Neighbour,B.; Obaza- 
(17) Earle, M. J.; Heaney, H. Synlett 1992, 745. 
(18) Clezy, P. S.; Liepa, A. J. A u t .  J .  Chem. 1970,23, 2443. 

Nutaitis, J. Org. R e p .  R o c .  Znt. lSS1,23,403. 

~ ~~ ~~ 

HRMS/analyaie 
found required 

molecular form C H C H 
ClrHleS2 67.07 7.26 67.15 7.25 
C11HiBS2 284.0717 284.0694 
CiiHizSz 208.0370 208.0380 
Cl4Hl6OZ 218.1304 218.1307 
ClIHl602 252.1167 252.1150 

isolation of the product from tarry reaction byproducts is 
tedious.20 Symmetrical pyrrolylmethanes are often formed 
as byproducts by self-condensation of the (acetoxymethy1)- 
pyrrole,21p22 and the method is useful only for the fully 
substituted dipyrrolylmethanes in order to avoid polym- 
erization. Unsymmetrical difurylmethanes are obtained 
from the reaction of [(5-methylfuryl)phosphinyllcarbinol 
and furan followed by a Wittig-Horner reaction,= but 
this method is not general. Alkylation of furan, thiophene, 
and pyrrole with furfuryl alcohol in the presence of the 
strongly acidic Amberlyst 15 cation-exchange resin affords 
the respective (2-fury~eteroaryl)methane~;~ however, the 
yields are low and purification is difficult (preparative 
GLC) because of the formation of difurylmethyl ether and 
resinous byproducts. 

We now report a general and convenient method for the 
preparation of both symmetrical and unsymmetrical bis- 
heterocyclic alkanes using benzotriazole as a synthetic 
auxiliary. Recent work in our laboratory has shown the 
utility of the benzotriazole anion as a leaving group, with 

(19) #Rocha Gonsalvea, A. M.; Kenner, G. W.; Smith, K. M. Tetra- 

(20) Jackson, A. H.; Pandey, R. K.; Nagaraja Rao, K. R.; Roberta, E. 

(21) Cavaleiro, J. A. S.; Kenner, G. W.; Smith, K. M. J. Chem. SOC., 

(22) Engel, J.; Gossauer, A. J. Chem. SOC., Chem. Commun. 1975,570. 
(23) Castagnino, E. Tetrahedron Lett. 1985,6399. 
(24) Iovel, 1. G.; Goldberg, Yu. Sh.; Shimanskaya, M. V. Khim. 

hedron Lett. 1972, 2203. 

Tetrahedron Lett. 1985,793. 

Perkin Trans. 1 1974,1188. 

GeterotsikL Soerlin. 1989,746. 


