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1 ,1'-Dicinnamoylferrocene @).-A solution of cinnamoyl 
chloride (8.25 g, 0.049 mol) and AlC13 (6.6 g, 0.049 mol) in dry 
CHZC12 (75 ml) was added slowly to  a solution of ferrocene (4 g, 
0.022 mol) in dry CHZC12 (75 ml). The mixture was stirred for 
4 hr a t  23' in a NZ atmosphere, then poured into 300 ml of ice- 
water. The organic phase was separated and combined with the 
CHzClz extracts of the aqueous phase. The combined organic 
phases were washed with water, dried with MgSO,, and taken to 
dryness. The residue was dissolved in a minimum volume of 
benzene with heating and allowed to crystallize. After removal 
of crystalline 4 (7.9 g) the solution was reduced to a small volume 
and chromatographed on neutral alumina. Petroleum ether (bp 
20-4O0)-diethyl ether (3:  2)  eluted a small band of ferrocene and 
a second small band of cinnamoylferrocene. Methylene chloride 
eluted an additional 0.6 g of 4. The 8.6 g of crystalline (red 
needles) product, represents an 88% yield, mp 180.5-182' (lit.2 mp 
208-210°), ir 6.01 p, nmr T 2.06-3.07 (m, 14 H ,  vinyl and Ph 
protons), 6.06,5.39 (2 t ,  8 H, cyclopentadienyl protons). 

Anal. Calcd for CzaHzz02Fe: C, 75.3;i; H, 4.97; Fe, 12.51. 
Found: C,76.25; H,5.01; Fe, 12.85. 

Due to the discrepancy in melting point, 4 was synthesized 
from 1 according to the direct,ions of Mashburn, et U Z . , ~  which after 
repeated recrystallizations from ethanol-water melted a t  180..5- 
182". Ir  and nmr spectra of this compound were also identical 
with thoHe of 4 synthesized by Friedel-Crafts dicinnamoylation of 
ferrocene. 

3-Pheny1[5] ferrocenophane-1,5-dione (2).-Aqueous 15yo 
NaOH solution (100 ml) was slowly added to a solution of 4 
( 5  g, 0.011 mol) iri .io0 ml of 9.icjc ethanol and 160 ml of THF.  
The mixture was stirred at  25' in a nitrogen atmosphere for 65 
hr and diluted with 800 ml of water. The suspension was ex- 
tracted with CHC1,. The extract was then dried with RIgSOd, 
concentrated, and chromatographed on neutral alumina. Only 
one band developed, which was eluted with CHzC12-CHC13 (1: 1). 
Crystallizatioii from ethanol yielded 3.7 g of yellow feathers 
(yield 92Cj,), mp >300" (lit.2-4 mp >300"), ir 6 . 0 3 ~  (lit.46.03 p). 

Anal. Calcd for CziHlsOnFe: C, 70.41; H,  5.06; Fe, 16..59. 
Found: C, 70.18; H, 5.04; Fe, 15.64. 
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Although various methods3 are now available for the 
synthesis of deuterio and tritio aldehydes, practically 
all of them involve multistep procedures, costly re- 
agents, or extended reaction periods. In seeking a 
simplc, rapid route to benzaldehyde-formyl-d, we have 
found that the facile cleavage of benzil by cyanide ion 
in the presence of D20, occurring apparently through 
adduct A and its rearrangement products B and C14 
provides a convenient source of this compound. 
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When dry potassium cyanide is added at  room tem- 
perature to 1 equiv of benzil in dioxane containing 10 
equiv of DzO, the yellow a-diketone color gradually dis- 
appears. After dilution of the mixture with ordinary 
water, extraction with ether, and washing of the ether 
extract, benzaldehyde-formyl-d of 98% isotopic purity 
(by nmr analysis) can be recovered in 5540% yield by 
distillation. The remainder of the product consists of 
an equivalent amount of benzoic acid (separated in the 
extraction and washing) unchanged benzil, and a mix- 
ture of what appears to be a-deuteriobenzoin and its 
benzoate ester.4 The benzoin derivatives are evi- 
dently formed not by the benzoin condensation but, as 
shown recently14 through trapping of carbanion B by 
deuteriobenzaldehyde, even though the latter must 
compete with an appreciable excess of DzO. (With the 
use of less than 10 equiv of DzO more by-products are 
formed, and the yield of aldehyde is diminished.) 
When conducted in dioxane-H20 in the presence of 
tritium oxide the reaction furnishes benzaldehyde con- 
taining benzaldehyde-formyl-t. 

Although cyanide ion is theoretically required only in 
catalytic amounts, the reaction is erratic and the yield 
of aldehyde is lower when less than a full molar equiv- 
alent of cyanide is used. In  addition, the disappear- 
ance of the yellow diketone color occurs much more 
slowly when less cyanide is used, even when potassium 
carbonate is added to prevent its loss as DCN. Use of 
sodium cyanide in place of potassium cyanide is unsat- 
isfactory because of the formation of difficultly soluble 
salts during the initial stages of the reaction. 

Experimental Section 

Benzaldehyde-formyl-d.-By means of a syringe, 10 ml of 
DzO (99.8770, Bio-Rad Laboratories) was added to a magnetically 
stirred solution of 10.5 g (0.050 mol) of benzil (recrystallized 
from carbon tetrachloride5) in 25 ml of dry 1,4-dioxane under a 
dry, inert atmosphere (argon or nitrogen) a t  20-25'. To the 
resulting fine suspension of benzil were added, with rapid stir- 
ring, a t  2-min intervals, four 1-g portions of reagent-grade po- 
tassium cyanide (previously dried a t  125'). After the second 
addition of cyanide the mixture became homogeneous, and the 
yellow color disappeared within 2 min after the last addition. 
Stirring was continued for 10 min as potassium benzoate grad- 
ually precipitated. The mixture was then diluted with 100 ml of 
distilled water and extracted with two 50-ml portions of ether. 
The combined ether extracts were washed with 50 ml of 5% 
sodium carbonate solution, 100 mi of water, and finally with 50 
ml of saturated sodium chloride solution. After drying for 2 min 
over MgSOc the ether solution was concentrated in a rotary 
evaporator under aspirator vacuum on a water bath. Distilla- 
tion of the light yellow residue (5.5 ml) gave, in separate runs, 
2.95 to 3.2 g (55-60%) of benzaldehyde-formyl-d, bp 84-86' 
(30 mm). By nmr analysis this contained 0.98 atom of deu- 
terium per molecule. Crystallization of the still-pot residue 
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(1.8 to 2.2 g) from ethanol afforded ca. 1.0 g of recovered benzil, 
mp and mmp 92-94°.6 When conducted on 21.0 g (0.10 mol) of 
benail in 50 ml of dioxane and 20 ml of DzO, the reaction furnished 
6.0 g (56%) of distilled benzaldehyde-formy1-d. 

With 5 ml of DzO in the cleavage of 10.5 g of benzil, the yield 
of deuterio aldehyde was only 1.6 g (30%), and a larger amount 
of still-pot residue (3.5 g) remained. Even with 20 ml of DzO 
the yield of aldehyde from 10.5 g of benail did not exceed 3.2 g 
(60%). With 10 ml of HzO containing tritium oxide the reaction 
afforded 3.0 to 3.25 g (57-627,) of tritium-labeled benzaldehyde. 
Substitution of tetrahydrofuran or 1,2-dimethoxyethane for 1,4- 
dioxane as solvent offered no apparent advantage, while use of 
dimethyl sulfoxide resulted in the formation of deeply colored 
by-products and very little aldehyde. 

Registry No. -Benzaldehyde-formyl-d, 3592-47-0; 
benzil, 134-81-6. 
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I n  the course of our synthesis of the highly strained 
hydrocarbon 4,8-dihydrodibenzo [cd,gh]pentalene, a we 
became interested in the decarboxylation reactions of 
benzhydryl carboxylic acids for which a paucity of 
examples exist in the literature. 4,5 Recent interpreta- 
tions of the decarboxylation of aromatic and vinyl 
carboxylic acids invoke the intermediacy of organo- 
copper species.6-s A requirement for the ?r system was 
assumed on the basis of a lack of a catalytic effect of 
copper salts on decarboxylation of aliphatic acids. 
I n  contrast to this conclusion, decarboxylation of benz- 
hydryl carboxylic acids exhibits a pronounced de- 
pendence on the presence of copper and its salts and 
on the nature of the copper source. To study this 
phenomenon for preparative purposes, fluorene-9- 
carboxylic acid was chosen as a suitable model, and this 
compound was consequently subjected to  a variety of 
classical and new decarboxylation procedures. A study 
of these reactions has evolved some new and unusual 
chemistry attributable to organocopper intermediates. 

Heating fluorene-9-carboxylic acid to 290" for several 
minutes (material sublimes from the reaction mixture) 
afforded fluorene in 38% yield and 9,9'-bifluorenyl in 
12% yield (Scheme I, Table I). The products here 
and in the following cases were separated by preparative 
thick layer chromatography on silica gel, and identified 
by comparison of spectral data and melting points 
with those of authentic samples. Bifluorenyl was pre- 
pared by the reductive coupling of 9-bromofluorene. 
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SCHEME I 
DECARBOXYLATION OF FLUORENE-9-CARBOXYLIC ACID 

Br -% I1 NaOH N- 

TABLE I 
YIELDS OF PRODUCTS OBTAINED ON DECARBOXYLATION OF 

FLUORENE-9-CARBOXYLIC ACID 
---Yield, %--- 

Reaction conditions I I1 I11 IV 

1. A 290' 38 12 
2. 0.03 equiv CuCOICu(OH)t (265') 48 10 11 3 
3. 2.0 equiv CuCOsCu(OH)~ (265') 56 10 
4. Cu-quinoline (reflux) 85 6 4 
5,  Pentafluorophenylcopper 

quinoline (reflux) 90 Trace Trace 

Heating fluorene-9-carboxylic acid to  265" (material 
sublimes from the reaction mixture) with 0.03 molar 
equiv of basic copper carbonate [CUCO&U(OH)~] 
afforded fluorene (48% yield), 9,9'-bifluorenyl (10% 
yield) , and, unexpectedly, fluorenone (3% yield) and 
9,9'-bifluorenylidene (11% yield). Bifluorenylidene 
was available by base treatment of 9-bromofluorene. lo 

Repeating this reaction with 2.0 molar equiv of basic 
copper carbonate afforded only fluorenone (56% yield) 
and 9,9'-bifluorenylidene (10% yield). This case rep- 
resents the first example of a direct oxidative decar- 
boxylation utilizing copper salts catalysis and has clear 
synthetic uti1ity.l' 

The copper-quinoline decarboxylation' is another 
method which has found wide utility. Employment of 
copper powder5 in refluxing quinoline (1 hr) afforded 
an 85% yield of fluorene, a 6% yield of bifluorenyl, and 
a 4% yield of bifluorenylidene from fluorenecarboxylic 
acid. Alternatively, treatment of fluorene-9-carboxylic 
acid with 0.1 equiv of pentafluorophenylcopper6 in 
quinoline for 3 min at  220" followed by addition of a 
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