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mals to the least-squares mean planes for these two groupings 
ofatomsis90.1°. 

Bond lengths and angles for chemically equivalent atomic 
groupings, averaged in accord with approximate C2t- molecular 
symmetry, include: Fe-Fe', 2.520 (1) A;12 Fe-Q, 1.726 (9,3,3) 
A,12 Fe-Cb, 1.920 (7,6,12) A;12 Fe-C(cyclopentadienyl), 
2.119 (7,10,22) A; C-O, 1.176 (9,3,6) A; cyclopentadienyl 
C-C, 1.422 (10,15,27) A;Si-C(methyl), 1.862 (8,2,2) A; Si-
C(cyclopentadienyl), 1.876 (7,2,2) A; Fe-Cb-Fe', 82.0 
(3,2,2)°;12 Cb-Fe-Cb', 95.5 (3,4,4)°; Cb-Fe-C„ 90.4 
(3,6,12)°; Fe-Cb-Ob, 138.9 (6,3,5)°; Fe-C,-Ot, 177.9 
(10,6,7)°; and C1-Fe-Fe', 103.2 (3,9,9)°. The similarity of 
these bonding parameters with those determined for cis-
[(i75-C5H5)FeGu-CO)(CO)]213 (7) seems to indicate that the 
bridging Z group in ligand 3 has had little, if any, effect on the 
overall conformation of the [(TT5-C5H5)Fe(M-CO)(CO)]2 
grouping. Ligands 1 and 2 on the other hand contain consid­
erably larger bridging groups which may well produce dra­
matic structural changes in similar pentahapto-bonded dinu-
clear complexes. Values of 105.7 (3)°, 114.4 (4)°, and 109.1 
(3,8,14)° for the Ci-Si-C1', Me-Si-Me', and four Me-Si-C, 
bond angles, respectively, indicate the presence of only small 
distortions from idealized tetrahedral geometry for the 
bridging silyl group in 5. Both five-membered cyclopentadienyl 
rings are individually coplanar to within 0.01 A and the four-
atom (Fe-Cb)2 grouping is folded away from the Si atom by 
22.4° along the Fe-Fe' bond. Assessment of the subtle but 
statistically significant structural differences between 5 and 
7 which are produced by the dimethylsilyl bridge in 5 must 
await the results from least-squares refinement of a more so­
phisticated model (anisotropic nonhydrogen and isotropic 
hydrogen atoms) using the more complete data set (reflections 
with 20MOK« < 60.4°). 

The reactivity of 5 is somewhat different than its unbridged 
analogue 7, since 5 is quite stable to air even in solution. 
Polarographic reduction of 5 apparently proceeds by steps 
(E0 = -1.54; -2.20 V) to generate the (CFh)2Si[C5H4Fe-
(CO)2]2

2~ dianion while the unbridged system reduces in a 
two-electron step at —2.22 V.14 Both 5 and 6.can be reduced 
to their respective bimetallic dianions by Na(Hg). These di-
anions can be used in reactions with alkyl halides to prepare 
derivatives of the type (CH3)2Si[C5H4Fe(CO)2R]2 and 
2,4-B5H5C2[Si(CHj)2C5H4Fe(CO)2R]2, where R = CH3 and 
C2H5. The reaction of 5 with a,a>-alkyl dihalides gives 
[(CH3)2Si[C5H4Fe(CO)2]2(CH2)„]2 for « = 3,4, and 5.'5 

Ligands of the type reported here potentially allow the 
preparation of numerous linked Z(Tr5-C5H4MLn)2 systems. 
Consequently the effect of a neighboring metal on the broad 
and diverse reactivity of rr5-C5H5MLn systems is open to ex­
amination. Further chemical and structural studies on metal 
derivatives of these ligands and those of similar type are cur­
rently underway. 
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On the Extrinsic Circular Dichroism of 
J-Aggregate Species of Achiral Dyes 

Sir: 

Experimental observations of induced optical activity and 
enantiomeric resolutions continue to be of general scientific 
interest since Pasteur's resolution of hemihedral crystals of 
racemic sodium ammonium tartrate.1 This special interest 
arises in part from the possibility that the novel observations 
may provide explanations for the prebiotic generation of optical 

Journal of the American Chemical Society / 99:14 / July 6, 1977 



4849 

2.0 
ABSORPTION SPECTRUM 

500 

0.025 

£ 
U 

0.0125 [r! 
OC 

X(nm) 600 

Figure 1. (Upper) Absorption spectra of monomeric (- - -) and J-aggregate 
(—) l,l'-diethyl-2,2'-cyanine iodide (1) formed by the addition of 1 ml_ 
of a methanol solution of (1) [3.0 X 1O-4M] to 15 mL of water and 15 mL 
of 3 M aqueous NaCl, respectively (/ 1 cm). (Lower) Absorption (—) and 
circular dichroism (- • -) spectra of 1 in an ethyl cellulose polymer film (5 
wt %, ~20- / J film thickness). 

activity.2 Extrinsic optical activity has been observed for 
achiral molecules dissolved in chiral solvents,35 in a chiral 
surfactant,6 and in associated ion pairs.7 The distinction of 
enantiomers by NMR in chiral solvents8 and using chiral shift 
reagents9 has also been reported. More recently extrinsic cir­
cular dichroism (CD) has been observed for achiral molecules 
oriented in macroscopic helical cholesteric mesophases.10-14 

Since 1970 there have been two reports that CD was induced 
in l,l'-diethyl-2,2'-cyanine iodide (I),15 as well as in the 
chloride salt (2),l6 surprisingly by simple stirring of the solu­
tions containing the potentially chiral dye J-aggregate.17"19 

Honda and Hada'5 also report that the CD sign induced in the 
aggregate absorption bands, which are quite distinct and red 
shifted from monomer absorption, is dependent on stirring 
direction. Since the general scientific and biological implica­
tions of such observations are numerous, we decided to inves­
tigate the details of the reported extrinsic CD of the J-aggre­
gate forms of 1 and 2. When attempting to reproduce the re­
ports of the mechanical induction of CD in 1 and 2, we expe­
rienced considerable difficulty. The J-aggregate was found to 
be a linearly dichroic (LD) microcrystalline species which 
could be simply filtered from solution, removing al! apparent 
CD and J-aggregate absorption. 

The observed signal (0Obsd) on a CD spectropolarimeter is 
due to a combination of CD (0reai) and LD2 0 2 2 (#LD) as de­
scribed in eq 1. 
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Figure 2. Absorption spectrum of tri(/>-tolyl)pyrylium fluoroborate (3) 
in methanol (c 1.0 X 105 M, / 1 cm, (- - -)). Absorption and circular di­
chroism spectra of 3 in an ethyl cellulose polymer film (5 wt %, ~20-^ film 
thickness, (—)). 

The linear contribution to the observed signal (0Obsd) on the 
Cary 61 spectropolarimeter can be eliminated by averaging 
signal intensities taken at cell rotation angles (normal to light 
beam) of 90° with respect to one another (#av). Then the cir­
cular contribution (0reai) can be obtained by using the rela­
tionship shown in eq 2, 

»rcal = Wa, ( " 3 0 ° , 60°) + 0av ( 0 ° , 90°) 

+ 0av(3O°, 120°)] (2) 

where 6av for three sets of rotation angles is employed.22 The 
separation of linear and circular dichroism is virtually im­
possible in fluid media, however, since the microcrystallites 
are free to rotate with respect to the cell. 

To overcome this problem, 1 (5 wt %) was dissolved in an 
achiral polymer, a bis(phenol A) polycarbonate (Lexan),23 and 
in a chiral polymer, ethyl cellulose,24 using methylene chloride 
as the solvent to prepare the films. Owing to the limited solu­
bility of 1 in the polymers, the J-aggregate species of 1 could 
be formed within the rigid polymer matrices. The absorption 
spectrum indicated the presence of monomer as well as J-
aggregate. 

When the achiral polymer was employed as the rigid matrix, 
the observed signals for the J-aggregate were very close to 
reported CD spectra produced by mechanical swirling.1516 

However, the signals (0Obsd) w e r e shown to be solely due to #LD 
through the use of eq 2. Our experimental observations indicate 
to us that the mechanical swirling results for J-aggregate 
species were due to a linear and not a circular dichroic effect. 
The time dependence of the J-aggregate CD signal for 1 re­
ported by Bird25 can now be rationalized as being due to 
changes in the linear dichroic effect relative to 0rcai with time 
as the microcrystallities agglomerate. Norden,26 in an elegant 
spectroscopic investigation of the linear and circular dichroism 
of 1, also suggests that the mechanical induction of CD re­
ported by Honda and Hoda15 may be due to instrumental 

Communications to the Editor 



4850 

sensitivity to LD from possibly nonhelical fibers. 
However, when chiral ethyl cellulose was employed as the 

rigid matrix, CD (0rcai) was observed within the absorption 
bands of the J-aggregate species (see Figure 1). Figure 1 pre­
sents the absorption spectra of 1 as the monomer, the J-ag­
gregate species, and the CD and absorption spectrum of mix­
ture of J-aggregate and monomer in ethyl cellulose. The an-
isotropy factor (g = AA/A) for the 572-nm band of the J-
aggregate in ethyl cellulose was found to be 9.7 X 10 -4 

(compared to 7.3 X 10 -3 for l,l'-diethyl-2,2'-cyanine D-IO-
camphorsulfonate formed in achiral Lexan) and is indicative 
of a dissymmetric arrangement of chromophores.27 We feel 
that the nucleation of enantiomeric crystallites in chiral 
polymers, which are optically transparent in the spectral region 
of interest, offers a general technique for probing the electronic 
nature of potentially chiral systems such as J-aggregates. This 
technique is similar to resolutions using single crystals of one 
enantiomer which have been shown to effect nucleation and 
crystallization of a second chiral substance.28 Recent spec­
troscopic observations29 on single crystals of 1 support our 
contention of the microcrystalline nature of J-aggregate 
species. Interest in extrinsic CD of achiral cationic dye species 
has been stimulated since 1961 by the report by Stryer and 
Blout that CD is induced in 1 by helical poly-o-L-glutamic 
acid.30 Of the three models proposed to account for the ob­
servation of extrinsic CD in achiral dyes, our investigations 
support the tangential dye helix model where the rigid a helix 
serves simply as a nucleating site for the microcrystalline J-
aggregate. 

We have also extended the above technique to the investi­
gation of J-aggregate formation in pyrylium dye salts by either 
incorporating the dye in ethyl cellulose at a concentration 
sufficient to encourage crystallization or by employing a D-
10-camphorsulfonate counterion. 

Figure 2 presents the absorption and CD spectrum of 
tri(p-tolyl)pyrylium fluoroborate (3),31 as a typical example, 
in ethyl cellulose. Even though the absorption spectrum of 3 
in ethyl cellulose does not clearly indicate the presence of the 
J-aggregate species the CD readily shows the J-aggregate 
absorption in a spectral region beyond the monomer absorp­
tion. 

We conclude that the reports of CD within the electronic 
transitions of the J-aggregated species of I30 and 2 induced by 
mechanical swirling are due to the artifact of linear dichroism. 
Also, we propose that rigid chiral polymer films be employed 
for such studies, since they allow one to distinguish between 
linear and circular dichroic effects. This technique also pro­
vides a chiral environment for the preferential nucleation of 
either D or L crystallites and may be generally applicable to 
probing the electronic structure of other enantiomeric micro-
crystalline species via their CD spectrum. 
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Arene-Metal Complexes. 11.' Conversion of 
(778-Allyl phenyl ether)dicarbonylchromium to 
(x-Allyl)(6-oxocyclohexadienyl)dicarbonylchromium 

Sir: 

Treatment of (778-benzonorbornadiene)dicarbonylchrornium 
with triphenylphosphine in benzene gives in good yield the 
corresponding (arene)(triphenylphosphine)dicarbonylchro-
mium complex which results from displacement of the com-
plexed carbon-carbon double bond by triphenylphosphine. 
However, when (?)8-allyl phenyl ether)dicarbonylchromium 
(I)2 or the 3,5-dimethyl derivative 23 was submitted to these 
reaction conditions,4 the corresponding isomeric (7r-allyl) 
(6-oxocyclohexadienyl)dicarbonylchromium complex, 35 or 
4,6 was obtained instead. Subsequently we established that the 
triphenylphosphine has no effect on this isomerization by ob­
serving that a solution of 1 in benzene at room temperature in 
the absence of any additional reagents isomerizes to 37 at a rate 
comparable to that in the presence of triphenylphosphine. This 
reaction represents a novel route to Tr-allyl complexes, and 3 
and 4 are unusual in as much as they are air-stable, moderately 
water-soluble, chromium(O) complexes possessing the 6-oxo-
cyclohexadienyl ligand, an uncommon ligand which has only 
recently been reported to form 7r-complexes with metal 
ions.8 

1.R = H 
2,R = CH3 

3,R = H 
4,R = CH3 

The anion form of the 6-oxocyclohexadienyl ligand is the 
phenoxide ion, which can also be thought of as a cyclopenta-
dienide with a CO inserted between two carbon atoms. The 
stability of complexes 3 and 4 suggests that the preparation of 
numerous analogues of cyclopentadienide complexes which 
contain this ligand may be possible. 

Our proposed structures for complexes 3 and 4 are supported 
by their NMR and IR data. The NMR spectrum of 4 is more 
easily analyzed since 4 possesses two methyl groups. The single 
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