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to the monosubstituted phenyl group since Bel- 
Iamy12 gives the same value for this group. The 
band a t  !3.02 p in nitrile V is indicative of an un- 
substituted ferrocene ring. l3 

TABLE I 
IWRARED BANDS OF SITRILES V AND F'I (p) 

1- VI 

4 50 4 46 
6 81 6 GO 
6 90 6 88 
7 25 7 23 
0 02 

11 32 14 33 
- 

EXPERIMENTAL 

2-Ferrocenyl-J-phenylacrylonitrile (V). To 400 ml. of 
absolute ethanol was added approximately 0.01 g. (0.004 
mole) of sodium metal. When the sodium had disappeared 
and the evolution of hydrogen ceased, 1 g. (0.005 mole) 
of ferrocenylacetonitrile was added, followed by 1.1 g. 
(0.01 mole) of freshly distilled benzaldehyde. The resulting 
red solution was refluxed for 6 hr. The volume of the solvent 
was then reduced in vacuo to about 50 ml. To the deep red 
solution there was added 100 ml. of ethyl ether and 200 ml. 
of water. The two layers were separated. The aqueous layer 
was extracted twice with 100 ml. portions of ether. and the 
extracts combined with the original ether layer. After dry- 
ing over magnesium sulfate, the solution was evaporated 
almost to dryness. The residue was recrystallized from n- 
hexane to give 1 3  g. (80%) of the bronze-colored platelets 
of 1-ferrocxenvl-2-phenvlarrvlonitrile (V), m.p. 112-114" 
(uncorr ). Further rccrj-stallization from hexane did not 
raise the melting point. 

And14 Calcd. for CI9Hl6NFe: C, 72.86; H, 4.82; N, 4.47; 
Fe, 17.83. Found: C, 72.80; H, 4.86; N, 4.45; Fe, 17.67. 
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It has previously been shown that, although 
the iron in ferrocene is readily oxidized by ceric 
sulfate or ferric chloride,2 hydroxymethylferrocene 
(I) can be oxidized to the corresponding aldehyde 
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(11) with manganese dioxide without affecting the 
iron in the molecules. 
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It has now been found that the iron in these 
molecules is also quite stable to oxidation toward 
dilute potassium ~e rmangana te .~  Thus, on standing 
with a 5% solution of this reagent in aqueous 
ethanol a t  room temperature, alcohol I v-as con- 
verted, without affecting the iron, to  a product 
that was evidently the ether I11 (87Yc crude yield). 
Actually the oxidizing agent was not required for 
this reaction, since the same product \\as obtained 
in equally good crude yield (88%) IT hen alcohol I 
was refluxed in aqueous ethanol iii the presence of 
a catalytic amount (1%) of acetic acid (Equation 
1). 

Fe 

' I  vcH20cH3v (1) 
I Fe Fe 

I11 I 
That the product was ether I11 was iiidicated not 

only by its analysis but also by its infrared absorp- 
tion spectrum which supports the di-benzyl type 
ether structure. It gave a strong band at about 
9.25, for the carbon-oxygen ether linkage, but no 
hydroxyl or carbonyl group band. Bellamy5 gives 
8.7-9.4, for the characteristic band of an aliphatic 
ether linkage. The compound also gave a sharp 
band a t  3 . 2 4 ~ ~  a shoulder a t  3.42, and another 
sharp band at 3.53,. The first band may be ascribed 
to an aromatic carbon-hydrogen linkage and the 
other two bands, t o  the methylenic carbon-hy- 
drogen linkage. The values listed by Bellamy5 for 
these linkages are 3 . 2 3 ~ ~  3 . 4 2 ~ ~  and 3.51p, reqpec- 
tively. The compound gave bands at 9.04 niid 10.03- 
p which are characteristic of certain ferroceiic deriv- 
at k e s  having an uiisubs tituted ring.fi 
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Recently, Schlogl' obtained ether 111 in 71% 
yield from alcohol I and phosphorus trichloride, 
in which reaction the chloride corresponding to  
alcohol I was presumably an intermediate. Also, 
other workerss have reported the formation of 
ether I11 (547,) in an attempt to hydrogenate al- 
dehyde II over Raney nickel. 

Of the above methods for preparing ether 111, 
only that involving the acid catalyzed reaction of 
alcohol I (see Equation 1) may be considered to 
follow an anticipated course. 

With regard to the resistance of the iron in 
aldehyde I1 to oxidation, this aldehyde was re- 
covered unchanged after heating a solution of i t  in 
an equal mixture of ethanol and water containing 
2% potassium permanganate on the steam bath for 
10 min. The aldehyde was also recovered after 
similar treatment employing a weakly acidic or 
weakly b zsic permanganate solution. This resist- 
ance to oxidation of the aldehyde group in 11, as 
well as the iron, is of interest, since benzaldehyde 
undergoes oxidation to benzoic acid under similar 
condition:;. 

Hon-evw, aldehyde I1 was destroyed on heating 
an aqueoiis ethanolic solution of i t  containing al- 
kaline permanganate for 2 hr. on the steam bath. 
These cor ditions produced a high melting material 
Khich m s  not the carboxylic acid corresponding 
to aldehyde 11. As was anticipated, aldehyde I1 
readily produced a colored (blue-green) ferricinium 
ion with 57, solutions of ceric sulfate, ferric 
chloride or ceric ammonium nitrate. 

Also, a:dehyde I1 in n-hexane evidently under- 
went oxidation on passing air through the solution, 
but the corresponding acid was not obtained. In- 
stead, there was precipitated an unidentified 
brown'O powder which had the properties of an 
"inner salt" or "zwitter ion." Thus, it  did not melt 
at 320°, and it was soluble in both dilute aqueous 
hydrochloric acid and dilute aqueous sodium hy- 
droxide, and reprecipitated on careful neutraliza- 
tion (to pH 71, followed by the addition of acetone. 

EXPERIMENTAL 

Perrocenylmethyl alcohol 11 with potassium permanganate. 
To 200 ml. of 5% solution of potassium permanganate in 
ethanol-water (50-50) was added 5 g. (0.023 mole) of ferro- 
cenylmethyl alcohol (TI). After stirring until the solid had 
disappeared, the resulting solution was allowed to sit for 
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p. 133. 

(10) I n  rei'erc~riw 8 the statement is made that aldehyde 
I1 is sensitive to oxidation in dilute aqueous or in concen- 
trated anhvdrous hydrocarbon solutions to produce an 
amorphous 1)rowi powder. 

12 days at room temperature. During this time, there was a 
slw- discoloration of the permanganate solution (to greenish 
brown) which may have been due to oxidation of the 
ethanol. The remaining oxidizing agent was destroyed by 
the addition of saturated sodium bisulfite solution. The mix- 
ture was extracted twice with 150 ml. portions of ethyl 
ether and the extracts combined. The ethereal solution was 
dried over magnesium sulfate and most of the solvent 
removed by heating on the steam bath. The last traces of 
the solvent were removed in vacuo (water aspirator) to give 
4.1 g. (87%) of a yellow solid, m.p. 126-129", which was 
apparently the bisferrocenylmethyl ether 111. -4 portion of 
the product was recrystallized from n-hexane to form orange 
crystals, m.p. 132-134'. 

Anal." Calcd. for C22H220Fe2: C, 63.81: H, 5.35; Fe, 26.99. 
Found: C, 63.35; H, 5.59; Fe, 25.86. 

Ferrocenylmethyl alcohol 11 with dilute acetzc aczd. In 80 
ml. of a 1% solution of acetic acid in ethanol-water (50-50) 
was dissolved 2.5 g. (0.023 mole) of ferrocenylmethyl alcohol 
11. This solution was refluxed for 5 hr., cooled, and poured 
into 300 ml. of water. The resulting mixture was extracted 
three times with 100 ml. portions of ether and the extracts 
were combined. After drying over magnesium sulfate the 
ethereal solution was concentrated to a volume of about 
50 ml. ilpproximately 100 ml. of hot n-hexane was added 
and the solution allowed to  cool in a refrigerator. The result- 
ing yellow precipitate was collected on a funnel and washed 
with n-hexane. There was obtained 2.2 g. (88%) of bisferro- 
cenylmethyl ether 111, m.p. 126-130". Recrystallization 
from n-hexane gave orange crystals of the ether 111, m.p. 

Anal.l1 Calcd. for Cz2Hz20Fez: C, 63.81; H, 5.35; Fe, 
26.99. Found: C, 64.01; H, 5.48; Fe, 26.63. 

Samples of this product and of the product from the 
oxidation experiment above were shown to be identical by 
mixture melting point and infrared spectra. 

132-134". 
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Recently2 quarternary ammonium ion I has 
been shown to undergo with sodium amide in 
liquid ammonia the first phase of the ortho substi- 
tution rearrangemeiit to form the rso-methylene- 
amine 11, nhich exhibited certain interesting re- 
actions. 
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