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omitting the hydrochloric acid treatment, crystal- 
line solids were obtained upon dilution with water. 
Thus, for example, crotonaldehyde (la) led to the 
formation of a substance, m.p. 155-156', which 
gave negative qualitative tests for sulfur and 
nitrogen and possessed an elementary analysis 
corresponding to the empirical formula Cd&0. 
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We have repeated this series of reactions starting 
with crotonaldehyde and obtained a substance 
with the same melting point and elementary 
analysis which gave at best doubtful qualitative 
tests for nitrogen. In  view of (1) the difficulty 
of accommodating a trandormation of I Ia  to 
(C6H60),, (2) the similarity of the melting point 
with that reported for sorbanilide,2 and (3) the 
very similar elemental analysis of C6Hl,0 and sor- 
banilide (CI2H&O), we were led to compare the 
two substances in spite of the dubious tests for 
nitrogen. Mixture melting point and infrared 
spectral comparison with an authentic sample of 
sorbanilidez proved the identity of the two sub- 
stances. 

The explanation €or the formation of sorbanilide 
presumably lies in the relative rates of elimination 
us. amide hydrolysis and the fortuitous choice of 
reaction time by Nottbohm. Essentially all the 
material not converted to sorbanilide by refluxing 
I Ia  with sodium hydroxide solution was obtained 
as sorbic acid by acidification of the alkaline fil- 
trate. Attempts to characterize the product formed 
from I Ia  with hydrochloric acid were not success- 
ful. 

Kottbohm also reported formation of a substance, 
1n.p. 1 8 8 O ,  CsHa0, from cinnammaldehyde (Ib). 
This appears likely to be the unreported anilide of 
5 - phenyl - 2,4 - pentadienoic acid. (Anal. Calcd. 
for C17H150N: C, 81.9; H, 6.1; reported by Xott- 
bohm'; C, 81.8, 81.7; H, 6.2, 6.1.) 
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It is known that triphenylcarbiiiol can be metal- 
ated with n-butyllithium and then carbonated to 
form the lactone of triphenylcarbinoL2,2'-dicar- 
boxyljc acid2 (I). 

CbH6-- c- 0 

I 
We are hereby reporting that a somewhat analo- 

gous reaction occurs with diphenylferrocenylcar- 
binol. Treatment of the latter compound with n- 
butyllithium, followed by carbonation with Dry 
Ice produced 2-carboxydiphenyllerrocenylcarbinol 
(11) in 73% yield. When I1 was heated or treated 
with acid it readily converted to the lactone of 2- 
carboxydiphenylferrocenylcarbinol (111). 
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// 
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I1 111 

The structure of I1 was clearly indicated by its 
acidic nature and infrared spectrum which showed 
a strong carboxyl band a t  5.95 p and bands a t  9 and 
10 p indicating an unsubstituted CS ferrocene ring. 
The ready conversion of I1 to I11 places the car- 
boxyl group a t  the 2- rather than 3- position rela- 
tive to the alcohol function. 

The structure of I11 was clearly indicated by its 
elemental analysis, molecular weight and infrared 
spectrum. The latter showed unambiguous five. 

(1) This reEearch was Pupported by the United Stater 
Air Force through the Air Force Office of Scientific Researck 
of the Air Research and Development Command, under con. 
tract No. AF 49(638)-297. Reproduction in whole or in pari 
is permitted for any purpose of the United States Govern. 
mcnt. 

(2) (a) €I. Gilman, G. E. Brown, F. J. Webb, and 8. R I  
Spat&, J .  Am. Chem. Soc., 62, 977 (1940); (b) H. Gilmai 
and G. E. Brown, J .  ATE.. Chevn. Soc., 62, 3208 (1940). 
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membered ring lactone absorption a t  5.6 p and 
ferrocene absorption a t  9 and 10 p.  The spectrum 
was devoid of -013 absorption. 

The metalated dipheiiylr'erroceiiylcarbillol was 
found l o  reach with methyl iodide producing a 
methylated compound, presumably with structure 
l Y ~  

In order to prore that metalation of the diphenyl- 
ferrocenylcarbiiiol had not occurred in one of the 
phenyl rings (paralleling the reaction with tri- 
phenylcarbinol) rather than in the ferrocene moiety, 
an authentic sample of ferrocenylphenyl-o-tolyl- 
carbinol (V) was synthesized as shown below. 

C'onipouiid 1 melted a t  123' in coiitrasl to 167' 
(the 1n.p. of lIr) Tvhich clearly indicated that the 
bite of riietala tiuri was in the ferrocene aiid not the 
pheuyl ring. 

Compound 111 exhibited reactions which are 
classical for lactones. Khen saponified with base 
aiid treated n ith p-nitrobenxyl chloride, an ester 
(VI)  was produced. 

111 i KUti "i'L, 
2 p-nLrobenzyl 

chloride 

\Vhen treated with lithium aluminum hydride, a 
diol (VII) was formed in quantitative yield. 

Similarly, treatment of the lactoiic u-ith phellpl- 
lithium produced bis-l,2-(diphenylhydroxyrnethyl)- 
ferrocene (T'III) in 97yG yield. 

C (Ci"),OH 

(GH,) ,011 
'\ 1 

\ ~ II ,' 111 1 ( ~ H A L I ,  
2 H20 \ \ I t /  ' 
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EXPERIMENThL 

D ~ ~ h e n  ylferrocen ylcarbinol. Phenylljthiuni was prepared i a  
dry diethyl ether under nitrogen from 5.0 g. (0.72 g.-atom) 
of lit'hiuiii wire and 56.5 g. (0.36 mole) of bromobenzenc. 
A solution of 33.1 g. (0.12 mole) of benzoylferrocene3 in 
ether was added dropwise, and the mixture was refluxed for 
24 hr. under nitrogen. Hydrolysis was effected n-ith water, 
and the ether layer was separated and dried. Removal of 
the ether gave impure carbinol, which after crystdlization 
from hexane melted at 130-131'. The yield n-as 76%. 

Anal. Calcd. for C23H20FeO: C, 75.01; H, 5.47. Found: 
C, 75.29; H, 5.23. 

R-CarboxydiphenZllferroce~ylcarbinol. ~z-But,yllithium (0.1 5 
mole) in ether was added to  22.75 g. (0.062 mole) of diphenyl- 
fcrrocenylcarbinol also dissolved in ether. The dark ycllow 
suspension was stirred under nitrogen a t  room tcmperatiirc 
for 36 hr. and v-as then carbonated ni th  Dry Ice. Aftor 
the mixture had warmed to room temperature, water was 
added. Approximately 5 g. of the startilie carbinol TVRB 

recovered from the ether layer. The rrater 1ayTr i ~ a s  acidi- 
fied (pH = 1) with hydrochloric acid and rapidly extracted 
with ether. The ether layer was washed extrnsivcly with 
n-atcr to remove t,he valeric acid and any residual hydro- 
chloric acid. Evaporation of t,he ethcr >-iclded 13 g. (78yL,j 
of rcd crystals rnclting \I-ith effervescence at 13i--l:39'. 
Rccryst'allization of this material from t>tl;er raisod t,hc: 
niclting point t,o 144-146" (effervcxence). 

AlnaZ. Calcd. for C.4H20FcOs: C, 69.92; T-T, 4.R& P'e, 13.33; 
lnol. 15%. 395. Follntl: c, 69.34, 60.46; IT, 5.65,  5.63; l:(', 
13.16; mol. wt. (Rast), 418. 

When heated above 746' the liquid rriclt rcsolidified aiid 
inclted again a t  203.-204" (lactone). The acid could also I)c  
ronverted to thc lactonc by vigorous shaking with aqueous 
hydrochloric acid. It also reacted instantaneously wit 11 
aqueous sodium bicarbonate or sodium hydroxide, forming 
an ether-insoluble yellow sodium salt. The free acid showed a 
sharp--OH band at' 2.9 p in the infrared, as well as a strong 
band a t  5.05 p (carboxyl) and the typical 9 and 10 p bands of 
ferrocene. 

(3) N. Welikg- and E. S. Gould, J .  A i i c .  Chcm. Sac., 59, 
2742 (1957). 
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Lactone of 2-Carhoxydiphenylferrocenylcarhinol. If the 
carbonation product from above was allowed to remain in 
contact with the hydrochloric acid used to acidify the solu- 
tion, brown crystals were obtained upon evaporation of the 
solvent. Crj  stallization from ether produced a solid (40% 
yield) which melted sharply a t  200'. 

Llnal. Calcd. for C24H18Fe02: C, 73.12; H, 4.57; Fe, 14.17. 
Found: C, 73.06; H, 4.51; Fe, 14.00. 

The infrared spectrum of this product showed unambigu- 
ous five-membered ring lactone absorption at  5.6 p, and 9,lO 
p ferrocene absorption. The spectrum was devoid of -OH 
absorption. 

d-~~~elhyldiphenyl ferrocenylcarbznol .  Diphenylferrocenyl- 
carbinol (30 g.; 0.08 mole) was metalated with n-butyllith- 
ium as described above. To this product was added 118 g. 
(0.8 mole) of dry methyl iodide in ether. >4fter spontaneous 
reflux subsided, the mixture was refluxed under nitrogen for 
24 hr. Hydrolysis with water was follomed by separation and 
drying of the ether layer. Evaporation of the solvent, 
yielded 21 g. (69%) of amber crystals, which, after crystal- 
lization from ether, melted sharply a t  167". 

Anal. Calcd. for Cz4HztFeO: C, 75.39; H, 5.80; Fe, 14.61. 
Found: C, 75.11; H, 5.81; Fe, 14.53. 

The infrared spectrum of this material showed a strong 
-OH band a t  2.8 p, ring methyl absorption a t  7.2 p (absent 
in the spectrum of the parent carbinol), as well as the ferro- 
cene absorption a t  9 and 10 p. 

EerroLen ylpheny I-o-tolylcarbznol. o-tolyllithium was pre- 
pared by adding 85.5 g. (0.5 mole) of o-bromotoluene in 60 
ml. of ether to 7.8 g. (1.2 g.-atoms) of lithium wire in ether 
under nitrogen. An ethereal solution of 18 g. (0.062 mole) of 
benzoylferrocene was added at  a dropwise rate to the 
o-tolyllithium a t  room temperature. The mixture was stirred 
at  room temperature for 24 hr. and then refluxed an addi- 
tional 4 hr. After hydrolysis with water, the ether layer was 
separated and dried. Removal of the solvent deposited 18.0 
g. (80%) of a rellow solid melting a t  124-127'. This material 
was placed on an alumina chromatogram column, developed 
with benzene and eluted Tvith ether. The analytical sample 
melted a t  124-125'. 

Anal. Calcd. for C24H2?FeO: C, 75.39; H, 5.80; Fe, 14.61. 
Found: C, 75.59; H, 5.71; Fe, 14.83. 

An infrared spectrum of this compound shoaed an -OH 
stretch a t  2.0 p, methyl compression modes a t  6.9 p (sym.) 
and 7.24 p (antisym.) as vel1 as the 9 and 10 p peaks charac- 
teristic of ferrocene. 

2-HydroxymethyldzphenylferrocenylcarbznoL A 0.6-g. sam- 
ple (0.0025 mole) of the pure lactone in ether vas  treated 
with an ethereal solution of 0.5 g. (0.013 mole) of lithium 
aluminum hydride under nitrogen. The amber solution 
rapidly changed into a yellow suspension accompanied by 
Ypontaneous reflux. TThen the reflux subsided, the mixture 
LTas refluxed for 24 hr. The excess hydride \vas destroyed 
nith ethyl acetate and viater was added. The ether layer Tras 
separated, and the solvent XTas removed under vacuum. A 
irllow solid (0.6 g.)  was deposited melting in the crude 
state a t  145'. After recrystallization from ether, the yellow 
crystals melted at  146". The yield was quantitative. 

And .  Calcd. for C24H22Fe02: C, 72.30;  H, 5.55. Found: C, 
73.16, H, 5.80. 

The infrared spectrum of this material shon od strong 
OH absorption a t  2.9 p and the characterist~ 9 p and 10 p 

hinds of ferrocene. 
his-l,a-(Diphenylhydrosilii,eth,/l)Se,.rocene. Approximately 

0.1 mole of phenj llithiuin in ether mas added dropwise to an 
ethereal solution of 1.0 g. (0.0025 mole) of the lactone under 
nitrogen. Spontaneous refluxing occurred, followed by the 
formation of a yellow suspension. The mixture was stirred 
for 4 hr. a t  room temperature and then refluxed an addi- 
tional 20 hr. After hydrolysis with water, followed by the 
usual work-up procedure a vield of 1.35 g. (97%) of a yellow 
solid melting at  190-192" \Tap obtained. Recrystallization 
from other yielded a dark yellon crJ stalliric solid melting a t  
195-1YG". 

Anal. Calcd. for CJeHaoFeOa: C, 78.55; H, 5.49; Fe, 10.15. 
Found: C, 78.31; H, 5.72; Fe, 9.97. 

The infrared spectrum showed -OH absorption a t  2.8 p 
as well as the 9 and 10 p bands of ferrocene. 

p-.Vztrohenzyl ester of 2-carbox~ferrocenyldiphenylcar~znol. 
A 2.0-g. sample of the lactone (0.005 mole) was refluxed for 
40 hr. in 100 ml. of 2OY0 aqueous potassium hydroxide 
whereupon a brick-red suspension formed. The alkaline 
solution was neutralized to a pH of 7 with hydrochloric acid. 
Then a slurry of 3.0 g. (0.0175 mole) of p-nitrobenxyl chloride 
in 200 ml. of ethanol was added. The mixture was now re- 
fluxed for 24 hr. under nitrogen during which time a tan 
suspension formed. The mixture was filtered and the pre- 
cipitate recrystallized from a large volume of ethanol produc- 
ing 2.5 g. (93%) of a tan solid. This solid was triturated with 
tetrahydrofuran and filtered. The filtrate was evaporated. 
The residue was washed several times with ether and then 
recrystallized from acetone. It melted a t  246". 

Anal. Calcd. for C31H2jFeN05: C, 68.03; H, 4.58; S, 2.56; 
Fe 10.21. Found: C, 67.63; H, 4.81; S, 2.54; Fe, 10.27. 

The infrared spectrum of this compound showed OH- 
absorption a t  2.8 p, carbonyl absorption at  5.85 p, conju- 
gated -SOS group at  7.4 p and the 9 and 10 p bands of 
ferrocene. 

The p-nitrobenzyl ester was also prepared by treating 3.5 
g. (0.0175 mole) of the yellow solid carbonation salt formed 
from the metalated ferrocenyldiphenylcarbinol with 3.0 g. 
(0.0175 mole) of p-nitrobenzyl chloride in 125 ml. of an- 
hydrous tetrahydrofuran. After 48 hr. reflux, the mixture 
was treated with water, causing a brown solid to precipi- 
tate. This solid was dried and washed several times with 
ether .After recrystallization from acetone, the orange 
crystals melted a t  246", in agreement with the previous 
value. This yield was 3.8 g. (89%). 
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The enol contents of a number of perfluoroalkyl 
p-diketones hare been determined by Park aiid 
cao-workers1 using the Kurt Meyer "indirect" 
method. In  all cases examined, the % enol was o ~ e r  
90% aiid in fact, several values of 120% wcw 
obtained. Other ~ v o r k e r s ~ ~ ~  have reported anomalous 
values of 115-202% enol for p-diketoues in various 
solvents. 

In  our studies of fluorine-containing /%keto ester&, 
we were interested in determining thc influeiicr 
of y-fluorine substitutiou on the enol content of 
ethyl acetoacetate (I), which has been show11 to pos- 
sehs about 7.570 ciiol in the pure liquid and 6.070 iii 
methanol at 0°.4 The marked dependence of the 

(I) J. D. Park, H. A. Brovn, and J. R. Lacher, J .  Am. 

( 2 )  K. Meyer, Ber., 45, 2843, 2848, 2858 (1912). 
(3) J. C. Reid and XI. Calvin, J .  Am. Chem,. Soc., 72, 

(4 )  J. B. Conant and A. F. Thompson, Jr., J .  Am. 

Chem. Soc., 75, 4753 (1953). 

2952 (1950). 

Chem. soc., 54, 4039 (1932). 


