
3986 J. Org. Chem., Vol. 42, No. 24,1977 Communications 

References and Notes 
C. H. Heathcock in "The Total Synthesis of Natural Products", Vol. II, J. 
Ap Simon, Ed., Wiley Interscience, New York, N.Y., 1973; P. A. Griecoand 
M. Nishizawa, J. Org. Chem., 42, 1717 (1977); G. L. Lange, M. A. Huggins, 
and E. Neidert, Tetrahdron Lett., 4409 (1976); W. C. Still, J. Am. Chem. 
SOC., 99, 4187 (1977), and references cited therein. 
R. W. Doskotch and F. S. El-Feraly, J. Pharm. Sci., 58, 877 (1969). 
2. Samek, M. Holub, L'. Herout, and F. Sorm, Tetrahedron Lett., 2931 
(1969). 
S. M. Kupchan, M. A. Eakin, and A. M. Thomas, J. Med. Chem., 14, 1147 
(1971); R. Vanhaelen-Fastre, J. Pharm. Selg., 27,683 (1972); R. W. Dos- 
kotch and F. S. El-Feraly, J. Org. Chem., 35, 1928 (1970). 
For the synthesis of many germacrane sesquiterpenes, functionalization 
of the angular methyl group will also be necessary. The overall synthetic 
plan allows for this variation. 
M. E. Jung, Tetrahedron, 32, 3 (1976). 
M. Narisada and F. Watanabe. J. Org. Chem., 38, 3887 (1973). 
Aldrich Chemical Co. 
All new compounds were characterized by elemental analysis and/or ac- 
curate mass measurement; 'H NMR, IR, and mass spectra were consistent 
with the assigned structures. Boiling points quoted are bath temperatures 
in bulb-to-bulb distillation. Melting points are uncorrected. 
If. instead of water, an excess of ammonium chloride was added, no al- 
kylation occurred and only tetralone 4 was obtained. Oxidation of the 
unalkylated dihydroaromatic intermediate is extremely facile and must occur 
during the isolation procedure. 
A. J. Birch and G. Subba Rao, Adv. Org. Chem., 8, 1 (1972). Compounds 
functionalized at C-6 are readily obtained from annelation of cyclohex- 
ane-l,3di0nes.~ 
H. 0. House, "Modern Synthetic Reactions", 2nd ed. W. A. Benjamin, New 
York, N.Y., 1972, pp 809-816. 
J. E. Davies, F. E. King, and J. C. Roberts, J. Chem. SOC., 2782 (1955). 
R. D. Haworth. B. P. Moore, and P. L. Pauson, J. Chem. SOC., 3271 
(1949). 
5,6,7-Trimethoxy-l-tetralone (5) has been converted by reduction with 
sodium in liquid ammonia to 5,7dimethoxy-l-tetralone in 40-45 % yield: 
P. N. Rao, Chem. Commun., 222 (1968). 
K. N. Campbell, A. Schrage, and B. K. Campbell, J. Org. Chem., 15, 1135 
(1950). 
G. Stork and T. Takahashi, J. Am. Chem. SOC., 99, 1275 (1977). 
D. Walker and J. D. Hiebert, Chem. Rev., 67, 153 (1967). 
D. H. Hey and K. A. Nagdy, J. Chem. SOC., 1894 (1953). 
Queen Elizabeth II Fellow 1976-1977. 

Julian M. Brown, Terry M. Cresp20 
Lewis N. Mander* 

Research School of Chemistry 
Australian National University 

Canberra, A.C.T., 2600, Australia 
Received August 15,1977 

Efficient Peripheral Functionalization of 
Capped Porphyrins 

Summary: An efficient method of functionalizing a capped 
porphyrin (1) is achieved by use of silver nitrite-iodine re- 
agent. The nitro derivative is cleanly reducible to the amine, 
which may be further derivatized by standard procedures. 

Sir: Previously we reported the synthesis of capped porphyrin 
1 and the observation that its iron(I1) complex exhibited re- 

1 
versible and stoichiometric binding of dioxygen at  ambient 
temperature.lZ2 This reversible behavior was shown to be 
dependent on the concentration of apical ligand, L, e.g., N -  
methylimidazole, as a consequence of the equilibrium between 

irreversibly oxidized square planar form 2 and reversibly ox- 
ygenated pentacoordinate species 3, eq 1. One obvious solution 

a a I (1) 

L 
I 
L 

2 3 4 

to the difficulties associated with working at high ligand 
concentrations was to attach the apical ligand L directly to the 
capped structure, schematically as 5, thereby removing, a t  
least in part, the preliminary equilibrium in eq 1. Similar 
reasoning has guided the experiments of others in this 
field.3 

5 
We now report an efficient direct peripheral functionali- 

zation of 1, itself now available in quantity by a modification4 
of our original synthesis.' After many unsuccessful attempts 
at conventional electrophilic nitration procedures, we devel- 
oped the following method. Thus the zinc-capped porphyrin, 
prepared by addition of anhydrous zinc chloride to a refluxing 
DMF solution of the free porphyrin5 in CH2ClpCH3CN (l:l), 
was treated sequentially with iodine (1.5 M, CH2C12) and silver 
nitrite (1.5 M, CHsCN), stirred for 35 min a t  25 "C, filtered, 
and evaporated to dryness.6 Trituration with CH2C12 gave, 
after concentration, an approximately equal mixture of two 
isomeric zinc mononitroporphyrins as a purple solid (98%): 
M+ 1143 f 1; A,, (CH2C12) 605,558,520 (sh), 431 nm; NMR 
(CDC13) 6 3.5-4.6 (m, 16 H), 5.03,5.78 (d, 1 H),  5.43,5.57 (d, 
1 H), 7.17-8.0 (m, 16 H), 8.57-8.77 (m, 7 H).73 Removal of the 
zinc (HBr gas, CH2C12, 5 min, 25 "C) gave the metal-free 
nitroporphyrin isomers 6 and 7s as a crystalline solid (quan- 
titatively) [M+ 1143 f 1; Am, (CH2C12) 668,605,531,425 nm; 
urnax (KBr) 1723,1510,1342 cm-l] which could be separated 
by preparative thin-layer chromatography over silica gel 
(C&-EtOAc, 7:3 v/v); however, for our present purposes, we 
have proceeded with this mixture. 

x x 

6 + 7 ,  X=NO, 
8+9,  X=NH, 

IO +I [ ,  X =  NHCOCH, 
12 413, X =  NCO 
14+l5, X =  NHCOZCHZCH, 

Reduction of the nitro group was achieved in a clean and 
reproducible manner by addition of sodium borohydride (50 
equiv) to a suspension of 10% Pd/C in a solution of the nitro- 
capped porphyrin in dried ch2C12-CH30H (1:l v/v) under 
argon. After stirring (30 min), filtration and evaporation gave 
the unstable aminoporphyrins 8 and 9 in quantitative yield: 

3420,3350,1725 cm-l; NMR (CDC13) 6 -3.21 (1 H), -2.72 (1 
H),  3.8-4.7 (m, 16 H),  5.5, 5.6, 5.8, 5.95 (4s, 2 H), 7.2-7.8 (m, 
16 H), 8.3-8.8 (m, 7 H). This substance is unstable to chro- 
matography and is readily acetylated (pyr, Ac2O) to the N -  

Amax (CH2C12) 651, 595, 560 (sh), 522, 425, 418; urnax (KBr) 
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acetylporphyrins 10 and 11: M+ 1093 f 1; A,, 648,595,550 
(sh), 519,423 nm; v,, (CH2C12) 3400,1722,1697 cm-l; NMR 
(CDC13) 6 1.98 (s,3 H), 3.8-4.7 (m, 16 H), 5.32,5.45,5.5,5.55 
(4s, 2 H),  7.3-8.0 (m, 16 H),  8.32-8.8 (m, 7 H). Similarly the 
isocyanates 12 and 13 could be prepared (COC12) and con- 
verted to stable ethylurethanes 14 and 15: M+ 1123 f 1; Amax 
(CH2C12) 658,595,550,518,423 nm; vmax 3300 cm-l; NMR 
(CDC13) 6 5.35 (d, 2 H), 1.15 (t, 3 H, J = 7 Hz, ethyl group). 

When the reduction of the zinc nitroporphyrin was carried 
out with SnClYHCl in CHzClz as cosolvent there was obtained 
after chromatography on silica gel (EtOAc-CgHg, 1:9 v/v) a 
50% yield of the metal-free substance, tentatively suggested 
to be dione 16 [M+ 1067 f 1; vmax 1720, 1601 cm-'; Amax 

(CH2C12) 655,605,578,470 (sh), 412 nm; NMR (CDCl3) 6 -3.7 
(1 H), 3.6-4.8 (m, 16 H),  5.26, 5.51, 5.55, 5.95 (49, 2 H),  
7.05-7.75 (m, 16 H),  8.34-8.72 (m, 6 H)], although the alter- 
native isomeric possibilities are not excluded at  this timeeg 

16 

Presently we are attempting to elaborate these accessible 
functionalized capped porphyrins into species 5. 
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Prostanoid Endoperoxide Model Compounds: 
2,3-Dioxabicyclo[2.2.l]heptane via 
Selective Diimide Reduction' 

Summary: A convenient synthesis of 2,3-dioxabicyclo[2.2.1]- 
heptane (2) has been achieved in -30% yield by photosensi- 
tized singlet oxygenation of cyclopentadiene, followed by 
carefully controlled diimide reduction in nonpolar and non- 
protic media a t  dry ice temperature. 

Sir: The importance of prostaglandin endoperoxide (1) as 
precursor to the physiologically potent prostaglandins 
thromboxane and prostacyclin in the oxygenation of arachi- 
donic acid has been well documented.2 These pharmacologi- 
cally significant substances originate from 1 by skeletal 
transformations of the 2,3-dioxabicyclo[2.2.l]heptane ring 
system (2); the prostaglandins PGE and PGF enzymatically 

1 2 
by base-catalyzed rearrangement and r e d ~ c t i o n , ~  the 
thromboxane A2* and prostacyclin5 presumably by enzymatic 
acid-catalyzed rearrangement. Thus, the synthesis of the 
parent endoperoxide skeleton 2 seemed timely and urgent in 
order to explore its chemistry in the interest of designing bi- 
ologically active substitutes. 

PGE PGF 

Thromboxane A, Prostacyclin 
COOK R -  W 

R="b;"" 

The endoperoxide 2 has been prepared by silver oxide re- 
action with 3-bromocyclopentyl hydropero~ide.69~ Simulta- 
neously, an alternative synthetic method was reported which 
shows great promise for the preparation of the natural pros- 
taglandin peroxide from PGF.8 These successes urge us to 
communicate our results on the preparation of 2,3-dioxabi- 
cyclo[2.2.l]heptane (2) from cyclopentadiene (eq 1). 

3 

When cyclopentadiene is photooxygenated in methanol a t  
-78 "C with rose bengal as sensitizerg and the resulting 
thermally labile cyclopentadiene endoperoxide (3) solution 
treated directly with tenfold excess of diimide, generated in 
situ from potassium azodicarboxylate and acetic acidlo at dry 
ice temperature, only reduced decomposition and rear- 
rangement products could be isolated. I t  was clear that the 
labile endoperoxide 2 had been formed, but it did not survive 
the polar and protic reduction conditions in methanol. Since 
these reduction conditions proved successful in the prepara- 
tion of bridgehead-substituted derivatives of 2,11 it was im- 
portant to persist in this synthetic route for the parent en- 
doperoxide. 


