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allylic ion, e.g., XX, to a second such ion involving 
the second cyclopropane ring, e.g., XXI, occurs com
petitively with solvent attack on the first homoallylic 
ion. Perhaps a bishomopentadienyl9 ion such as XXII 
needs to be considered. 
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5-Bromo-l,9-bisdehydro[12]annulene. 
A Verification of an Induced Paramagnetic 
Ring Current in a 4n 7r-Electron System 

Sir: 

Recently we presented a theory1'2 and some evidence 
that conjugated cyclic An 7r-electron systems display an 
induced paramagnetic ring current in a magnetic field, 
i.e., a ring current opposite in sign from the familiar 
induced diamagnetic ring current associated with aro
matic or An + 2 7r-electron systems. Since our report, 
more evidence has been uncovered which lends additional 
support to this generalized description. The nmr spectra 
of [16]-,8 l,9-bisdehydro[16]-,4 l,ll-bisdehydro[20]-,4 

and [24]annulenes5 have now been studied at lower tem
peratures (where valence and/or conformational inter-
conversions have been slowed or stopped) and found to 
be qualitatively as expected from the generalized ex
planation, i.e., inner hydrogens shifted upfield, outer 
hydrogens downfield for An + 2 7r-electron systems; 
inner hydrogens downfield, and outer hydrogens up-
field for An 7r-electron systems. 

A compound synthesized by Wolovsky and Sond-
heimer,6 l,5-bisdehydro[12]annulene(I), is a particularly 
interesting An 7r-electron system in regard to induced 
paramagnetic ring currents because of the unusually low 
value of the chemical shift (T scale) observed for the two 
hydrogens of the trans double bond. We have sug
gested1 that the nmr signal of these two hydrogens at T 
— 0.9 is the result of an averaging process caused by in-
terconversion between two equivalent planar con-
formers. The nmr spectrum of I has been found to be 
temperature dependent and the absorption of the trans 
double bond hydrogens is broadened and shifted down-
field by ca. 0.4 ppm at —8O0.4 Unfortunately, spectra 
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taken at still lower temperatures, wherein the noninter-
converting conformer might be observed, are not yet 
available. 
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We wish to report here the synthesis of a molecule' 
5-bromo-l,9-bisdehydro[12]annulene (II), that strikingly 
verifies the expectations for chemical shifts of hydrogens 
of An ir-electron systems based on the idea of an in
duced paramagnetic ring current. The oily isomeric 
mixture of 1,3,5,7,9,1 l-hexabromo-ra,c/s,cw-l,5,9-cyclo-
dodecatriene (III) resulting from the bromination 
(NBS) of l,5,9-tribromo-cw,cw,cw-l,5,9-cyclododeca-
triene (IV), after chromatography (SiO2, hexane-CCl4), 
was separated; the crystalline isomer V, mp 185°, was 
obtained in ca. 15% yield; the oily isomer in ca. 60%.7 

The oily hexabromocyclododecatriene with 4 equiv of 
sodium ethoxide in ethanol (18 hr, room temperature) 
gave II (17 % yield after silicic acid column chromatogra
phy) as a reddish brown oil. Mass measurement of the 

two isotopic parent molecular ions dictates the molecular 
formula for II; calcd for Q2H7Br: 229.9732,231.9712; 
found: 229.9743,231.9732. The infrared spectrum of 
II (liquid film) exhibited absorptions at 3.28 (m), olefinic 
CH; 4.62 (w), triple bond; 6.24 (m), conjugated double 
bond; 7.72 (s), cis olefinic CH; 12.06 (s), trisubstituted 
olefinic CH; and 13.37 (vs) y., disubstituted cis double 
bond.8 Twelve absorptions correspond very closely to 
those reported613 in the infrared spectrum of I. The ultra
violet spectrum of II is very similar to that of I.6b It has 
absorptions at 244 mM (sh) (« 33,000), 251 (35,000), 290 
(sh) (1150), and 466 (20O).9 The nmr spectrum (Fig
ure 1) provides the added data necessary for the struc
tural assignment of II and reveals the unique absorption 
of the inner hydrogen of this cyclic An 7r-electron system. 
The spectrum is partially interpretable by first-order 
analysis. The low-field absorption due to H1 (area 
1) is a doublet (Ji2 ~ 9.4 cps) with additional splittings; 
H2 (area 1) is an apparent triplet; H3 (area 1) is seen 
as a doublet (J23 =^10.2 cps, typical for cis olefinic hy
drogens) with additional splittings; H4, H5 (area 2) and 
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Figure 1. Nmr spectrum of II in carbon tetrachloride {ca. 10%) 
with tetramethylsilane as an internal reference using a Varian A-60 
spectrometer. The two scans are 100-cps full scale: the lower is 
offset 240 cps; the upper, which shows the absorption due to H1, 
is offset 900 cps. 

H6, H7 (area 2) are complex multiplets. That the mo
lecule contains a trans double bond with one bromine 
on it can be deduced from (a) the apparent doublet for 
H1 10 and (b) from the coupling constant Ji2. The sys
tem which includes H1, H2, H s in II is that found in sub
stituted butadienes. The characteristic range of values 
for /23 (across the formal single bond) in dienes that 
are in s-trans planar conformations is 10.3-12.5 cps.11 

On the other hand, the typical range for sp2-sp2 pro
ton coupling across the formal single bond in cis dienes 
is 5-7 cps.12 The observed value for Z12 of 9.4 cps cor
responds best to a trans arrangement for H1 and H2 in 
II. 

The most striking feature of the nmr spectrum of II is 
the chemical shift of the one hydrogen assigned H1. 
This hydrogen exhibits an absorption at r —6.4 (985 cps 
downfield from that of tetramethylsilane). Previously 
we predicted1 that I was interconverting between two 
equivalent planar conformers and that the chemical shift 
of the inner hydrogen of I would be observed at ca. 
T — 6.413 for the frozen conformer. In the case of II no 
such conformational interconversion can occur, since 
the bromine atom is too large to fit through the ring and 
thus the nmr spectrum of II is that of a single conformer. 

We conclude from these data that II is planar or nearly 
so and that the value of the chemical shift for H1 is due to 
an induced paramagnetic ring current of a An x-electron 
cyclic system. It should also be pointed out that local 
anisotropic effects of the two triple bonds in close 
proximity to this inner hydrogen would, if operative, 
cause an upfield shift. 

To our knowledge, no hydrogen bonded to carbon in 
hydrocarbons or simple derivatives has been observed 
at such a low-field value. The only other kind of shift of 
similar magnitude previously noted is in the An + 2 
7r-electron annulenes. The largest upfield shift among 
these is found for the inner hydrogens of 1,8-bisdehydro-
[14]annuleneatr 15.5,14ashiftofca. 11 ppmcompared to 
cyclic monoolefins, r A.A. The same comparison made 

(10) If H1 were flanked by two adjacent hydrogens, its absorption 
pattern would be more complex, ranging from perhaps a triplet to an 
ABC pattern with additional long-range couplings. 
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with the value of the chemical shift for H1 in II also gives 
a shift of ca. 11 ppm, but in the opposite direction, down-
field (a difference of ca. 22 ppm for the inner hydrogens 
of these two kinds of conjugated cyclic systems).15 

Such dramatic changes in chemical shifts for corre
sponding inner hydrogens of An + 2 7r-electron sys
tems are compelling. The argument that an induced 
diamagnetic ring current be a criterion for aromaticity 
now seems strengthened by this and other demonstra
tions4 of induced paramagnetic ring currents in cyclic 
An 7r-electron systems. 
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Protonation of Norbornadienetricarbonyliron 

Sir: 

Norbornadienetricarbonyliron (1), in contrast to 
norbornadiene itself, can be recovered unchanged from 
sulfuric acid solution.1 We have undertaken an nmr 
study of 1 in strongly acidic media and find that, unlike 
tricarbonyliron derivatives of conjugated dienes,2 it 
undergoes protonation on iron. 

The nmr spectrum of 1 in liquid sulfur dioxide is 
simple, reflecting its apparent C2v symmetry. The hy
drogens at C7 appear as a triplet at r 8.75 while the ole
finic and bridgehead protons appear as an overlapping 
triplet (T 6.85)3 and multiplet (T 6.65), respectively. Ad
dition of fluorosulfonic acid to the deep red solution of 1 
in sulfur dioxide at —70° changes the color to pale yel
low-green and gives the nmr spectrum shown in Figure 1. 
A triplet ( I H , / = 13 Hz) has appeared at r 17.3 while 
below TMS all signals have been shifted to lower fields, 
and the symmetry of the spectrum has been reduced 
considerably. The two triplets separated by 13 Hz are 
caused by two equivalent hydrogens coupled by 13 Hz 
to the high-field hydrogen. Experiments at 60 and 100 
Mc show that this splitting (in hertz) is field independent 
and therefore caused by spin-spin coupling. The spec
trum of 1 in D2SO4 is the same as that in FSO3H-SO2 

except that the high-field proton is missing, and the two 
triplets have collapsed to a single multiplet. Com
pound 1 can be recovered unchanged from these 
strongly acidic solutions by pouring into ice water and 
subsequent ether extraction. Nmr integration of re
covered 1 establishes that no incorporation of deuterium 
into the norbornadiene ligand occurred in the D2SO4 

solution. 
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