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Table I. Comparison of Platyrin 'H NMR Spectra ( 6 )  
[ 1,5,1,5]platyrin [ 1,3,1,3]platyrin 

compound 2 ref 5 OMP" 
internal =CH- -14.26 -8.97 
meso =CH- 11.75 11.64 10.98 
CH3 4.51 4.22 3.76 

4.43 4.17 
>NH -10.58 -5.6 -4.82 

Octamethylporphyrin in trifluoroacetic acid. 

1 H, CHO), 5.98 (s, 1 H, -CH-), 3.64 (d, 1 H, -CH-), 3.5-1.1 
(br, -CH2-), 2.24 (s, 6 H,  CH,), 2.05 (s, 3 H, CH,), 1.98 (s, 
3 H, CH,); IR (HCCl,) 1710 (C=O); mass spectrum, m/z 
(relative intensity) 376 (4, M'), 117 (loo)]. Coupling of 
5 with 6 to give a dihydro[ 1,5,1,5]platyrin, 7, was accom- 
plished by simultaneous addition of separate methanol/ 
dichloromethane solutions of 5 and 6 to a hot, oxygen-free 
solution of hydrobromic acid in methanol. Oxidation with 
oxygen, followed by rapid chromatographic workup gave 
a 2% yield of the dark purple platyrin 2 [mp > 350 "C; 
vis (CH2C1,) A,,, ( e )  495 (123000), 536 (144000), 651 
(15700), 705 (12300), 718 (13500), 780 (9400); 8 (di- 
protonated 2) 'H NMR (Me2SO-d,/CF3COZH): 6 11.75 (s, 
2 H,  meso-CH), 4.51 (s, 1 2  H, CH,), 4.43 (s, 1 2  H,  CH3), 
2.70-1.0 (m, 18 H, CH2, -CH-), -10.58 (s, 4 H, NH), -14.26 
(s, 4 H, =CH-); A, ( E )  (bis-tetrafluoroborate salt g ) :  495 
(171000), 536 (376000), 651 (47000), 703 (32000), 719 
(34000), 780 (24000), 830 (19000)]. 

Both the platyrin 2 and its diprotonated form, 8, prove 
to be unstable (chemically reactive). Solutions of 2 and 
8, as well as their solid forms, were observed to decompose 
in a few hours to a few days even at  low temperatures. 
This high chemical reactivity suggests that there is little 
if any resonance stabilization5 in this 26 a-electron an- 
nulene. 

A comparison (Table I) of the 'H nuclear magnetic 
resonance spectrum of the diprotonated platyrin 8 with 
the acyclic salt 4 reveals that  a very substantial diamag- 
netic ring current is present in 8. The internal vinyl 
protons of 8 are shifted some 21 ppm when compared to 
4. The ring current effects in 8 are even greater than those 
corresponding effects exhibited by the diatropic4 
[ 1,3,1,3]platyrin.2 

Both of these properties, high chemical reactivity and 
a pronounced diamagnetic ring current, are consistent with 
the view that in the higher [4n + 2]annulenes, there will 
be little resonance stabilization (R.E. is inversely pro- 
portional to the number of *-electrons).6 In contrast, these 
same annulenes will exhibit increasingly higher diamag- 
netic ring currents (ring currents increase linearly with the 
number of a-electrod) .  

Thus, in the series porphyrin, [ 1,3,1,3]platyrin, and 
[ 1,5,1,5]platyrin, a consistent picture of reactivity and ring 
currents is emerging. 

Supplementary Material Available: Experimental  details 
for compounds  2-8 (4 pages). Ordering information is given on  
a n y  cur ren t  mas thead  page. 
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Perchloro-7H-cycloprop[a Iacenaphthylene and the 
Perchlorophenalenyl System 

Summary :  Perchloro-7H-cycloprop[a]acenaphthylene 
(PCCPA) has been synthesized from the reaction of per- 
chloroacenaphthylene with phenyl(bromodich1oro- 
methy1)mercury; PCCPA may be converted into per- 
chlorophenalenyl (PCPLY) which has been detected by 
solution ESR spectroscopy. 

Sir: Coplanar neutral radicals may exhibit interesting 
electronic properties in the solid state.' The primary 
obstacle to experimental test of this hypothesis is the 
propensity of such compounds to undergo a-bond coupling 
to form a diamagnetic dimer in the condensed 
Disulfide substitution in the phenalenyl (PLY) system has 
been shown to suppress the dimerization reaction (eq 1) 

2 @ = @ \ /  ( 1 1  

s-s s-s 

in the solution statelC but probably not in the solid form 
of 1,9-dithiophenalenyl (DTPLY). 

In the present paper we report the synthesis and char- 
acterization of perchloro-7H-cycloprop[a]acenaphthylene 
(PCCPA) and our initial entry into the perchloro- 
phenalenyl (PCPLY) system. A number of novel aromatic 
chlorocarbons have been previously r e ~ o r t e d , ~ - l ~  and 
perchlorination has been shown to be particularly effective 
in enhancing the stability of the triphenylmethyl-type 
radicals.12J3 

Perchl~roacenaphthylene~~J~ (PCAN) is expected to be 
a poor substrate f i r  carbenoid addition as the-peri double 
bond conjugates quite strongly with the naphthalene ring 
system and the presence of eight chlorine atoms directly 
attached to the a-system further deactivates the double 
bond toward electrophilic attack. Nevertheless, we found 
the Seyfreth reagent, phenyl(bromodichloromethy1)mer- 
cury (PhHgCC1,Br),16 to be effective in transferring di- 
chlorocarbene to perchloroacenaphthylene (although in low 
yield). Perchloroacenaphthylene was treated with 6 equiv 
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Figure 1. ORTEP drawing of the structure of perchloro-7H- 
cycloprop[a]acenaphthylene (PCCPA) found by X-ray crystal- 
10graphy.I~ 

of phenyl(bromodichloromethy1)mercury in refluxing 
benzene. Phenyl mercuric bromide was removed by fil- 
tration, and the volatile components were removed by 
evaporation. The resulting orange solid was subjected to 
column chromatography on Florisil with hexane as eluant. 
The first compound to pass through the column was 
PCCPA, which could be recrystallized from heptane to give 
colorless, chunky needless, mp 195 "C, in 50% yield based 
on perchloroacenaphthylene (8% based on the mercuri- 
al).17 Further elution of the column allowed the recovery 
of most of the unreacted perchloroacenaphthylene. 

c.e CP 
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The mass spectrum of PCCPA shows the characteristic 
chlorine isotope pattern, with a low intensity parent ion 
corresponding to CI3Cll0+ and a base peak at  Cl3CI9+ (see 
below). An ORTEP view of the X-ray crystal structure1' of 
PCCPA is given in Figure 1. In contrast to perchloro- 
naphthalene the peri-chlorine atoms C1, and C14 in PCCPA 
remain essentially coplanar with the naphthalene ring 
system. In fact the largest deviations from planarity in 
this part of the molecule occur a t  Cll and C1, which lie 
about 0.2 A above the mean plane formed by the ace- 
naphthylene carbon atoms, presumably as a result of in- 
teractions with Qb, and Cl,,. This degree of nonplanarity 
should exert a minimal perturbation on the naphthalene 
conjugation. l9 

The relatively stable PCCPA forms an interesting con- 
trast with 7,7-dichloro-7H-cycloprop[a]acenaphthylene 
which has been suggested?O as an intermediate in a di- 
chlorocarbenoid addition to acenaphthylene to produce 
2-chlorophenalenyl (detected by ESR spectrcscopy).20 

Addition of antimony pentachloride to a dichloro- 
methane solution of PCCPA produces a red coloration 
which rapidly intensifies. A 2-h reflux of the solution leads 
to complete disappearance of the starting material. 

By analogy with related chlorocarbon c h e m i ~ t r y , ~ ' ~ , ~ @ - ~ ~  
it seeins reasonable to assume that the perchlorophenalenyl 
cation (PCPLY+) is formed in this reaction. Removal of 
the volatile components under high vacuum leaves a red 
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Figure 2. Electron spin resonance spectrum of a solution of 
perchlorophenalenyl (PCPLY). 

solid, which on stirring with mercury under dry, degassed 
benzene for 6 h gives rise to a pale yellow solution. If this 
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CI C I  co CI 

sbce, P C P L Y  

solution is examined in an ESR spectrometer a strong 
signal is observed (Figure 2). The same spectrum (and 
coloration) is produced by direct UV irradiation of a de- 
gassed benzene solution of PCCPA in a Pyrex ESR cell. 

The ESR spectrum consists of at least 15 equally spaced 
lines, centered a t  g = 2.0058. The two chlorine isotopes 
(35Cl, 37Cl) each possess a nuclear spin I = 3/2, and it is clear 
from computer simulations that the principal features in 
the spectrum arise from the interaction of the unpaired 
electron with six equivalent chlorine atoms (hfs = 0.6 8). 

In the parent phenalenyl system,2@s22 the six active 
positions (1,3,4,6,7, and 9) exhibit a hfs of 6.30 g, whereas 
the three inactive positions (2, 5 ,  and 8) give rise to a 
splitting of 1.82 g. I t  is therefore apparent that the hfs 
in the ESR spectrum of PCPLY arises from the chlorine 
atoms at  the 1,3,4,6,7,  and 9 positions (theory: 19 lines). 
The splitting due to the remaining chlorine atoms (posi- 
tions 2,5,  and 8) is apparently masked by the spectral line 
width (0.5 g). This analysis is supported by the hfs of 0.23 
g found for the chlorine atom in 2-~hlorophenalenyl.~@ 

The chemical and physical properties of PCCPA and 
PCPLY are currently under investigation. 17,23 
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