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dipole moment measurements (/wi = 6.4 ± 0.5D 
and MI = 4.6 ± 0.5Z)).« 

The compositions and structures of the products 
of the systems based upon Me5Al and 1SOBU3AI 
apparently are not known, bu t the formulations 
Cp2TiCl2AlR2, where R = alkyl, may well apply. 
For R = Me, the e.s.r. spectrum is consistent with 
this assumption, whereas the large width of the 
spectrum observed in the case R = iso-Bu cannot 
be explained in this way, if the t rea tment used to 
explain the widths of the other spectra is correct. 
The hyperfine pat tern given by the 1SO-Bu3Al prod­
uct is consistent with the interaction of the electron 
spin with the Al27 nuclear moment and with two 
equivalent protons which have equal coupling 
constants.1 The e.s.r. results suggest tha t the 
final paramagnetic product of this reaction is not 
of the same structural type as given by the other 
aluminum alky Is which we have studied. 
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work by the Office of Naval Research and the 
National Science Foundation. 
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l,l'-(TETRAMETHYLETHYLENE)-FERROCENE. 
OBLIQUITY AND N.M.R. IN BRIDGED FERROCENES 

Sir: 
We wish to report the preparation and properties 

of l , l ' -( tetramethylethylene)-ferrocene (I), con­
taining an unusual two-carbon bridge linking the 
two cyclopentadienyl rings. 

Its ultraviolet spectrum is very similar to tha t of 
l , l ' -dimethylferrocene,2 containing a weak maxi­
mum at 320 m/j (emax 492), a shoulder at 250 mji 
(e 4,920), and high end absorption («21013,600). 

Although the ultraviolet and infrared spectra of I 
are characteristic of alkyl ferrocenes, the n.m.r. 
spectrum is not.4 The n.m.r. spectrum of the 
close analog, l,l '-diisopropylferrocene contains a 
single peak due to the ferrocene ring protons 
(T = 5.97),5 together with the expected doublet 
(r = 8.86) and multiplet4 (r = 7.36) due to methyl 
and methine protons, respectively. Similarly the 
spectrum of 2,3-diferrocenyl-2,3-dimethylbutane6 

contains three singlet peaks a t T = 8.69 (methyl), 
5.94 (unsubstituted ring) and 5.86 (substituted 
ring). The spectrum of I contains the expected 
methyl proton singlet (r = 8.74), bu t the ring 
protons are found in two widely separated triplets 
(r = 6.11 and 5.37; J = 1.6 c.s.). The con­
siderable chemical shift is best explained as arising 
from the ring protons' unequal distance from the 
iron nucleus in a molecule where the rings are 
tilted; this interpretation is thus in accord with 
the mono-iron molecular weight above. 

Since protons close to a transition metal nucleus 
have been shown to give n.m.r. peaks a t relatively 
higher field in similar compounds (c/. cyclopenta-
dienylcyclopentadienecobalt),7 the ring 2-protons 
are assigned to the higher field peak (r = 6.11) 
and the ring 3-protons to the lower (r = 5.37). 

Similar two-carbon bridged ferrocenes are formed 
from other fulvenes8; however, an alternative reac­
tion path can predominate. Thus, the major 
product from t rea tment of cyclopentylidenecyclo-
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Fig. 1. 

Trea tment of 6,6-dimethylfulvene1 with sodium 
metal dispersed in tetrahydrofuran, and then 
ferrous chloride, gave a mixture in which the major 
product (albeit in low yield) was the bridged com­
pound (I) ; red crystals, sublimes 130° (8 mm.), 
m.p. 168-169° (crystal modification 129-130°) 
[Anal. Found: C, 71.83; H, 7.62; Fe, 20.68; 
mol. wt. (cryoscopic), 285]. 

The infrared spectrum of I is generally similar 
to t ha t of l,l '-diisopropylferrocene,2 with bands 
a t 3100, 917 and 850 c m . - 1 (alkylferrocene),2 

1451, 1377 and 1367 c m . - 1 (gem-dimethyl).3 
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Fig. 2. 

Found: C, 75.50; H, 7.16; Fe, 17.54]. In this 
reaction sodium presumably functions as a base 
to give the alkenyl cyclopentadienyl anion from 
the fulvene much as does sodium amide in an 
alternative preparation of alkenyl ferrocenes.10'11 

The structure I I may be assigned on the basis of its 
infrared spectrum (conjugated C = C stretching 
band a t 1630 cm. - 1 ) and ultraviolet absorption 
(Xmax 275 tan, emax 13,70O).1 Conclusive evidence 
is derived from the n.m.r. spectrum, which contains 
anolefinicproton (triplet) at (r = 4.33).4 

While the rings are sufficiently canted when 
spanned by a two-carbon bridge to cause chemical 
shift of the ring protons, this is apparently not the 
case with simple saturated three-atom bridges. 
Thus, the ring protons appear as a singlet in both 
l , l ' -(trimethylene)-ferrocene (III) 1 2 (r = 6.05) 
and l,l '-(dimethyleneoxy)-ferrocene (IV)13 (r = 
5.88), m.p. 148° (sinters 100°) [Anal. Found: 
C, 63.34; H, 5.44; mol. wt. (isothermal distilla­
tion), 233], 

Fe R 

1,R = -C(CH3)2C(CH3)2-
III, R = -(CHs)3-
IV, R = -CH2OCH2-
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ACYL- FROM ALKYL-FERROCENES BY MANGANESE 
DIOXIDE OXIDATION. FERROCOBENZOQUINONE 

Sir: 

Alkyl ferrocenes frequently may be prepared 
directly from alkyl cyclopentadienes1 and could 
provide useful starting materials for the prepara­
tion of functionally substi tuted ferrocenes if the 
alkyl groups could be oxidized selectively without 
concomitant or preferential oxidation of the fer­
rocene nucleus to ferricinium ion. In the pres­
ent, initial studies toward this end manganese 
dioxide (which usually selectively oxidizes allylic 
or benzylic alcohols to the corresponding conju­
gated carbonyls,2 and which has been used for 
conversion of hydroxymethylferrocene to fer-
rocenecarboxaldehyde)6b was selected as a mild, 
heterogeneous oxidant and shown to oxidize readily 
alkyl ferrocenes to the corresponding acyl com­
pounds. 

Methylferrocene3 was heated for two days with 
a large excess of activated manganese dioxide 
(commercial, Beacon Labs.) in refluxing methyl-
cyclohexane.4 Chromatography of the product 
gave 5 5 % of recovered methylferrocene and a 52% 
yield (based on unrecovered methylferrocene, 
i.e., a 2 3 % conversion) of ferrocenecarboxaldehyde, 
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