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TABLE I 
REACTION OF CY,~-DIENES WITH I)~ISOBUTYI,ALUMINUM HYDRIDE 

a,w-Diene Mole (i-Bu)AIH(mole) 

1,4-Pentadiene 0 . 0 3  0.063 
1,5-Hexadiene 0.02 0.042 
1,6-Heptadiene 0.02 0,042 
1,7-Octadiene 0.02 0.042 
1,8-Nonadiene 0 03 0.063 
1 ,g-Decadiene 0 .03  0.063 
1,lO-Undecndiene 0 03 0.063 

phy using a Beckman Megachrom instrument equipped with an 
Apiezon "L" column, nmD 1.4043.6 

1,6-Heptadiene.-The procedure used by Marvel and Stilles 
was followed. Reduction of 97.2 g. (0.45 mole) of diethyl pime- 
late with a solution of 36 g. (0.9 mole) of lithium aluminum 
hydride in 1400 ml. of ethyl ether yielded 31 g. (53YC) of 1,T- 
heptanediol, b .p .  125-127" (3.5 mm.). The diol (61 g., 0.46 
mole) was acetylated with acetyl chloride in ethyl ether, yielding 
89 g. (90%) of 1,7-diacetouyheptane, b.p. 99-100" (0.6 mrn.). 
Using the same apparatus as described for the preparation of 1,4- 
pentadiene, this acetate was subjected to pyrolysis a t  500" with 
an addition rate of 1 ml./min. to yield 18 g. (45'%) of 1,7-heptadi- 
ene, b.p. 90-93". It was purified by distillation over sodium, 
followed by preparative gas chromatography, n20~ 1 .4148.7 

1,7-Octadiene.-The diene (b.p. llE-121°)8 was digested over 
sodium, redistilled and purified by preparative gas chromatog- 
raphy, n Z o ~  1.4220. 

1,8-Nonadiene .-Diethyl azelate was the starting ester for the 
preparation of 1,9-nonanediol. Pyrolysis of 162 g. (0.66 mole) of 
1,9-diacetoxynonane8 gave 60% of 1,8-nonadiene, b.p. 120-143'. 
After digestion over sodium and distillation through a Widmer 
column, it boiled a t  142-143", n Z 0 ~  1.4289.* 

1,9-Decadiene.-Pyrolysis of 87 g. (0.34 mole) of 1 ,lO-diace- 
toxydecane was carried out a t  500" with an addition rate of 2 ml./ 
min., yielding 25 g. (,5370) of 1,g-decadiene. The diene was 
digested over sodium and redistilled through a Widrner column, 
b.p. 164-165", nZOD 1.4318.8 

1 ,lO-Undecadiene .-The previously described method8 was 
used to give diene of b.p. 56.5-87.5' (31 mm.), n Z 0 ~  1.4354. 

Purity of the prepared dienes, determined by vapor phase 
chromatography on an 8-ft. squalane column, was found to be 
99.9% or higher. 

Reaction between CY .w-Dienes and Diisobutvlaluminum H y -  
dride.--a,w-Diene and diisobutylaluminum hydride in a 1 : 2.1 
molar ratio were added to a glass tube flushed with nitrogen. 
After sealing, the glass tube was kept in an oil bath a t  70" for 16 
hr. The reaction products from 1,6-heptadiene, 1,7-octadiene, 
1 ,S-nonadiene, 1 ,g-decadiene, and 1 ,IO-undecadiene were viscous 
a t  a room temperature. Those from l,.l-pentadiene and 1,5- 
hexadiene were not viscous. The products from 1,4-pentadiene 
and 1,6-heptadiene were diluted with 10 ml. of n-hexane. The 
products from the other dienes were diluted with 10 ml. of n- 
heptane. The diluted products were decomposed by successive 
addition of 2.5 nil. of ethanol, 1 ml. of water, and 25 ml. of 6 N 
hydrochloric acid. The organic layer was washed twice with 
water and dried over sodium sulfate. The hydrocarbon produced 
by the hydrolysis was separated by the gas chromatographic 
technique. n-Pentane, n-hexane, methylcyclopentane, n-hep- 
tane, n-octane, n-nonane, n-decane, and n-undecane were identi- 
fied by comparing their gas chromatographic retention times and 
mfrared spectra with authentic samples. Methylcyclohexane 
was identified by comparison of its retention time with an authen- 
tic sample. The composition of the products was determined 
from the peak area of gas chromatogram. 

Stability of 1,7-Dialumino-heptane Compound.-A mixture of 
1.9 g. (0.02 mole) of 1,6-heptadiene and 6.0 g. (0.042 mole) of di- 
isobutylaluminuni hydride was a t  first heated under the same 
conditions as described previously (16 hr.,  70"), and then for an 
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Hydrolyzed products 
r -(composition. %) 
n- Alkane Methylcycloalkane 
%-Pentane (100) . . e . .  

%-Hexane (2.4) Methylcyclopentane (97.6)  
%-Heptane (99.1)  Methylcyclohexane (0.9) 
n-Ocbne (100) , .. .. 
n-Nonane (100) . . . . .  
n-Decane (100) , . . . .  
n-Undecane (100) . . . . .  

additional 13 hr. a t  125'. The reaction mixture was hydrolyzed 
as in the aforementioned method. The hydrolyzed product con- 
sisted of 91.5% of n-heptane and 8.5Tc of methylcyclohexane. 
Thus the additional heating a t  the higher temperature (125') 
increased the yield of rnethylcyclohexane by 7.6Yc. Methyl- 
cyclohexane was separated by gas chromatographic technique 
and its infrared spectrum was identical with that of an authentic 
sample. 
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During an investigation toward the synthesis of di- 
functional ferrocenes, a number of attempted Friedel- 
Crafts reactions under nitrogen resulted in significant 
oxidation of ferrocene to ferricinium ion. 

Although over thirty publications and patents de- 
scribe Friedel-Crafts reactions on ferrocene with 
sorne thirty-five different acyl chlorides, only one was 
found in which the yield of ferrocene was reported from 
reduction of the purple aqueous layer obtained upon 
hydrolysis. In this instance, the reaction of chloro- 
acetyl chloride, aluminum chloride, and ferrocene 
under conditions chosen for monosubstitution gave 
32% ferrocene upon reduction of the aqueous 1ayer.a 
Oxidation can be assumed to be small when hydrolysis 
produced an aqueous layer that was pale b l ~ e ~ , ~  or 
when yields of expected products exceeded 

Like chloroacetyl chloride, dichloro- and trichloro- 
acetyl chlorides with aluminum chloride were found to 
oxidize ferrocene significantly ; reduction of the purple 
aqueous layers gave ferrocene in 47 and 48% yields, 
respectively. Similarly, terephthaloyl, p-nitrobenzoyl, 
and ethyl oxalyl chlorides gave ferricinium ion in 57, 
47, and 64% yields. The high per cent of oxida- 
tion with ethyl oxalyl chloride suggests that the failure 
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of oxalyl chloride to undergo a normal Friedel-Crafts 
reaction on ferrocene* may be due to oxidation. 

It is commonly accepted by chemists in the ferrocene 
field that oxidized products from Friedel-Crafts re- 
actions arise as a result of inadvertent exposure of re- 
action mixtures to moisture and ~ x y g e n . ~  While this 
may be true in instances of 5% oxidation or less, it is 
unlikely that this is the case with major oxidations un- 
less a catalytic effect exists that varies greatly with the 
acyl halide. We found oxidation to be insignificant 
with p-fluorobenzoyl chloride, benzoyl chloride,6 and 
n-butyryl chloride. lo 

A more attractive interpretation for significant oxi- 
dations is that the acylium ion that is formed from the 
acyl chloride and aluminum chloride may remove an 
electron from the ferrocene system in competition with 
acylation, and that the former reaction to give fer- 
ricinium ion is a major one if the acylium ion is suf- 
ficiently positive. All of the mentioned oxidizing acyl 
chlorides have electron-withdrawing groups adjacent 
to the chlorocarbonyl group and should produce an 
acylium ion more electron deficient than that of a 
simple acyl halide. With the limited data, however, 
the delineation between oxidizing and nonoxidizing 
acyl chlorides is not clear-cut. Thus, while tereph- 
thaloyl chloride caused 57% oxidation, o-carbometh- 
oxybenzoyl chloride gave 83% monoacylated fer- 
rocene." 

fa) RCOCI 

R =  
p-C1COCeH4-, p-NOzCeH4-, C18C-, Cl,CH-, and CzH600C- 

Major oxidation was also encountered when chloro- 
acetal was added to ferrocene and aluminum chloride. 
Reduction of the aqueous layer gave 37% ferrocene 
and about 20% ferrocenyl compounds, while the or- 
ganic layer returned 19% ferrocene and about 15% of 
a crude ferrocene, m.p. 14-21'. Here, the probable 
intermediate carbonium ion was bound to two elec- 
tron-withdrawing groups (CICHZC +HOCH&H,) and 
should be unusually electron deficient. Under dif- 
ferent conditions, triphenylmethylcarbonium ion also 
oxidized ferrocene. l 2  While chloroacetal gave both 
substituted and unsubstituted ferricinium ions, the 
acyl chlorides gave only the latter, in accord with the 
failure of acylferrocenes to form isolatable ferricinium 
derivatives. l 3  

The oxidations might appear to be related to the 
recently reported14,15 degradation of ferrocene by alu- 
minum chloride, in which oxidation was postulated by 

(8) In one instance i t  was reported that no reaction took place, and this 
would appear to be the case i f  the aqueous layer were routinely reduced 
prior to isolation [R. Riemschneider and D .  Helm, Chem. Ber., 89, 155 
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Goldberg. J .  Org. Chem., 26,482 (1960)l. 
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Goldberg as an intermediate step.I6 However, electron- 
rich ferrocene in the latter case was apparently at- 
tacked by electron-poor aluminum chloride and in the 
former case by electron-poor acylium ions. With 
the differences in attacking species, the results were 
also different: disruption of iron-cyclopentadienyl 
bonding us. removal of an electron from the ferrocene 
system. Goldberg's assumption that oxidation was a 
step in the degradation required a second assumption 
that enough air and moisture were inadvertently in- 
troduced to bring about the 0xidati0n.I~ If such were 
the case, a fair amount of ferricinium ion should be 
present a t  work-up, but the results, a t  least a t  lower 
temperatures, were not significantly altered by omitting 
the reduction of the aqueous layer prior to isolation." 
If oxidation is not an intermediate step-and it seems 
unnecessary in view of the strong attraction of alumi- 
num chloride for a-electrons-then the degradation 
reaction is of interest here only as a potential side re- 
action. 

In  this regard, it would seem important to prepare 
the acyl chloride-aluminum chloride complex first 
rather than to allow ferrocene to come in contact with 
the aluminum chloride. This procedure was not always 
followed, however, and in practice the order of addition 
was not critical. Thus, addition of ferrocene to the 
Perrier complex from dichloroacetyl chloride gave 47% 
ferricinium ion, and addition of aluminum chloride to a 
mixture of ferrocene and trichloroacetyl chloride yielded 
3748% ferricinium ion. 

The organic layers from the oxidation reactions were 
in general examined only to the point a t  which it was 
evident that the reactions were unsuitable for prepara- 
tion of heteroannularly disubstituted ferrocenes in 
quantity. 

Experimental 

Reactions of Ferrocene and Aluminum Chloride with Tereph- 
thaloyl, p-Nitrobenzoyl, and Dichloroacetyl Chlorides.-These 
reactions are typified by the following example with terephthaloyl 
chloride. To 30.5 g. (0.15 mole) of terephthaloyl chloride in 100 
ml. of dry methylene chloride under nitrogen in an ice bath was 
added 20.0 g. (0.10 mole) of aluminum chloride in five portions 
during a 30-min. period. The mixture was stirred in the ice bath 
while 9.3 g. (0.05 mole) of ferrocene in 50 ml. of dry methylene 
chloride was added during a 2-hr. period. After the mixture was 
stirred overnight, i t  was poured into 100 ml. of methanol, stirred 
30 min., and added to 250 ml. of water. The water layer was 
estracted once with chloroform and treated with zinc dust until 
the purple had disappeared. Filtration of the aqueous mixture, 
extraction of the solids with chloroform, and evaporation of the 
dried extract left 5.34 g. (57y0) of ferrocene, identified by infrared 
comparison. 

With p-nitrobenzoyl chloride, 47% of the ferrocene was re- 
covered by reduction of the aqueous layer. 

With dichloroacetyl chloride a t  a reactants ratio of 2 : 5 : 5  in- 
stead of 1:3:3 ,  reduction of the aqueous layer gave material 
amounting to 47y0 of the starting ferrocene; the infrared spec- 
trum showed two medium carbonyl bands not present in the 
spectrum of ferrocene. N o  methanol was used in the work-up. 
When boron trifluoride was the catalyst a t  a reaction time of 3.5 
hr. a t  ice-bath temperature, 16y0 ferrocene was isolated from the 
aqueous layer and 6297, ferrocene from the organic layer. 

Reactions of Ferrocene and Aluminum Chloride with Tri- 
chloroacetyl Chloride and with Ethyl Oxalyl chloride.-To a 
solution of 3.72 g. (0.02 mole) of ferrocene and 5.6 ml. (0.05 mole) 
of trichloroacetyl chloride in 40 ml. of dry methylene chloride a t  -~ 

(16) Goldberg referred to the work of Rosenblum and Santer that con- 
cerned the complex iCmH~oFe.HAlCI&,. This complex yielded ferrocene 
upon hydrolysis and not ferricinium ion [ J .  A m .  Chem. S u c . ,  81,  5517 (1959)l. 

(17) H. Rosenberg, private communication. 
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-30" was added 6.66 g. (0.05 mole) of aluminum chloride in 
three portions during a 5-min. period. After 2 hr. below -20", 
the mixture was poured into ice water and stirred 5 min. The 
organic layer was extracted three-times with water and the ex- 
tracts and water layer combined. Treatment of the aqueous 
solution with zinc dust and subsequent extraction with chloro- 
form gave 1.37 g. (37%) of ferrocene (infrared comparison). 

A similar reaction with ethyl oxalyl chloride gave 64% ferrocene 
(infrared comparison) upon reduction of the aqueous layer. 

Reaction of Ferrocene and Aluminum Chloride with Chloro- 
acetal.-Chloroacetal (15.3 g.; 0.1 mole) was added dropwise 
during an 80-min. period to 9.3 g. (0.05 mole) of ferrocene and 
13.3 g. (0.10 mole) of aluminum chloride in 65 ml. of ethylene 
dichloride under nitrogen a t  -20'. After 30 min., the mixture 
was warmed to -5", added to ice, and the aqueous layer ex- 
tracted with chloroform. After removal of solvent from the 
combined organic layers, the residue (5.92 g.) was extracted 
with 120 ml. of petroleum ether (b.p. 30-60') in 20-ml. portions 
and each portion added to 180 g. of alumina and eluted with 
petroleum ether to give 1.75 g. (190jo) of ferrocene. Continued 
elution with the usual solvents removed distinct fractions (oils), 
the infrared spectra of which suggested that the ferrocenes present 
were monosubstituted. Reduction of the aqueous layer with 
zinc dust, extraction with chloroform, and removal of solvent 
left moist solid, which when extracted with methanol left 3.04 g. 
(33%) of crude ferrocene. Removal of methanol and chroma- 
tography of the residue (2.73 g.) gave 4% ferrocene and 1.65 g.  of 
solid, m.p. 14-21", the infrared spectrum of which showed strong 
bands a t  9 and 10 ,u (a monosubstituted ferrocene). 

1,l'-Bis(p-fluorobenzoy1)ferrocene.-A mixture of 37.1 g. 
(0.263 mole) of p-fluorobenzoic acid and 48 ml. (0.658 mole) of 
thionyl chloride in 25 ml. of benzene was refluxed 7 hr. Volatile 
material was removed in vacuo, 90 ml. of dry methylene chloride 
was added, and the solution was treated with 31.1 g. (0.233 mole) 
of powdered anhydrous aluminum chloride. To the mixture in 
an ice bath was then added dropwise a solution of 17.3 g. (0.093 
mole) of ferrocene in 90 ml. of methylene chloride during a 1.5-hr. 
period, and the mixture was stirred overnight a t  room tempera- 
ture. The solution was poured onto ice, stirred 4 hr., and the 
aqueous phase washed with chloroform. The organic phases 
were combined, washed twice with water and once with 5% 
sodium hydroxide solution, dried, and evaporated in  vacuo. 
Crystallization of the residue from 150 ml. of toluene yielded 30.4 
g. (76%) of 1 , l  '-bis(p-fluorobenzoyl)ferrocene, m.p. 129-130.5'; 
Amax (log E )  472 (2.83),  350 (3.29), 250 mp (4.28). 

Calcd. for C2aH1BF2Fe02: C, 67.00; H, 3.75; Fe, 12.98. 
Found: C,66.95; H,3 .86;  Fe, 13.63. 

1 ,I '-Bis(n-butyry1)ferrocene.-The reaction of n-butyryl 
chloride, aluminum chloride, and ferrocene was carried out by 
the method employed by Vogel, et al., for the preparation of 1,l'- 
dicaprylylferroccne.10 1 , l  '-Dibutyrylferrocene, m.p. 73.0-74.5", 
was obtained in 77L7, yield; lit.'8 m.p. 74-75". 

Anal. 
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o-Nitrosobenzamide. A Possible Intermediate 
in the von Richter Reaction 

KHAIRAT M. IRNE-RASA A N D  EDWARD KOUBEK 

lished by the research of Bunnett and his group.' 
This work was undertaken because of our interest in the 
peroxy acid oxidations of aromatic amines2 and of 
nitrosobenzenes,a and because o-nitrosobenzamide has 
been implicated as an intermediate in the von Richter 
reaction. 

o-Nitrosobenzamide was obtained in excellent yield 
by oxidizing o-aminobenzamide with peroxyacetic acid 
in ethanolic medium a t  ea. 0'. These conditions 
previously have been shown2 to favor the formation of 
nitrosobenzenes as the chief products of the peroxy- 
acetic acid oxidation of aromatic amines. The amido 
group in the present substrate did not cause any com- 
plications. Its indifference to peroxyacetic acid was 
foreseen on mechanistic grounds2 and by analogy with 
the peroxyacetic acid oxidation of nicotinamide to 
nicotinamide K-oxide in 82y0 yield.5 The elemental 
and spectral analyses of the reaction product confirmed 
it to be the desired nitrosobenzamide.2,6 

A recently proposed mechanism for the von Richter 
reaction4 requires that o-nitrosobenzamide should give 
benzoic acid and nitrogen gas according to the following 
reaction sequence. 

When o-nitrosobenzamide was treated with cyanide 
ion or hydroxide ion in aqueous ethanolic medium a t  
150°, the von Richter reaction conditions,' benzoic acid 
was formed with evolution of nitrogen gas as predicted 
by the Rosenblum me~han i sm.~  The yield of isolated 
benzoic acid was 20% with cyanide ion and 45% with 
hydroxide ion. The reported yields of benzoic acids 
from the von Richter reaction range between 10 
and 4070.1 The isolated product melted a t  122' and 
its ultraviolet spectrum in water was superimposable 
with that of an authentic sample of benzoic acid. 

A transient red color appeared immediately upon 
addition of base to the aqueous ethanolic solutions of 
o-nitrosobenzamide. This color may be attributable to 
the formation of 8-indazolone, the intermediate I. 
The preparation of I (in solution) by independent syn- 
thesis and its hydrolysis to benzoic acid and nitrogen 
gas has been reported recently.' The solutions of I 
in acetonitrile were reported to have deep red color.' 

Experimental 

Materials.-0-Aminobenzamide ( Matheson Coleman and Bell, 
practical grade) was purified by treatment with decolorizing 
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The previously unknown o-nitrosobenzamide has 
been synthesized and its behavior under the conditions 
of the von Richter reaction studied; the conditions of 
the von Richter reaction employed were those estab- 
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