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ABSTRACTY

(U) “Following a tabulation of known methods for synthesis

of ferrocenedicarboxylic acids, the paper reports on methods

for which increased yields are claimed. Ferrocenecarboxylic

acid was prepared (yield 45.2 percent of theory) by hypochlorite
oxidation of acetylferrocene, ferrocene-1l,1l!' -dicarboxylic

acid (90-92 percent) by similar oxidation of 1,1!' diacetylferro-

cene, carbamylferrocene (70-72 percent) by direct reaction of <
ferrocene with carbamyl chloride in the presence of,AlCI{subseript-37), .
and 1,1' -dicarbamylferrocene (almost 100 percent) by passing
ammonia through a benzol solution of the diacid chloride.r There
are 25 literature citations, of which 7 are Russian.ﬂ_av;‘ 3

APSC Pom ( PYD OVERPRINT, DEC 68) .
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SYNTHESIS OF FERROCENECARBOXYLIC ACIDS AND
THEIR DERIVATIVES

I.A. Gdlubeva, T.P. Vishnyakova,
and N.N. Bul'on

There are a number of known methods for the synthesis of
ferrocenecarboxylic acid: carboxylation of iithium ferrocenes
[3-7], oxidation of acetylferrocene by sodium hypochlorite [8]
and by iodine in pyridine [9-190], hydrolysis of carbamylferro-
cene and diphenylcarbamylferrocene [11], synthesis of ferrocene-
carboxylic acid from ferroceneformaldenyde bty the Cannizzaro
reaction [12, 13] and reacting ferrocene with trichloroacetic
acid [14]; finally, alkaline hydrolysis of the nitrile of ferro-~
cene carboxylic acid [15].

Table 1 presents the basic methods of synthesizing ferro-
cenecarboxylic acids.

The first method includes a stage in which lithium deriva-

‘tives of ferrocene are prepared and yiglds a mixture of mono-

and 1,1'~diferrocenecarboxylic acids with a total yield of 30-
78%. The content of ferrocene monocarboxylic acid in this mix-
ture varies from 50 to 70% and does not exceed 43% of theory.
The ferrocenecarboxylic acid yield was only 14% for oxidation
of acetyiferrocene by sodium hypochlorite, and 35-50% for oxida-
tion by iodine in pyridine; however, the latter method reaulres
a rather long reaction time, from 26 to 38 h.

Hydrclysis of carbamylferrocene and diphenylcarbamylferro-
cene gives ferrocenecarboxylic acid yields of 40 and 71.5%,

FTD-HT-23-988-68 ~1-
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respectively, but involves a rather lengthy synthesis (12-18 h)
and preparation of the starting compounds is quite complex. ‘The
ferrocenacarboxylic acid yield obtainsd from ferrocenecarbox<
aldehyde by the Cannizzaro reaction is 10-2T%, while that ob-
talned bg reacting ferrocene with trichloroacetic acid does not
exceed 6%.

In the present study, the simplest (in the authors® opin-
ion) method of synthesizing ferrocenecarboxylic acid was em~
played: oxidation of acetylferrocene by hypochlorite according
to the scheme

.. - . -

~CoCHy " 7 . CooH

G

Fe .+ KOGl —>  Fe f.QKC§*CO_3‘l!j0. )
The literature does not give a detalled descripticn of this

synthesis method; as was indicated above, the yield of ferrocene-
carboxylic acid has been only 14% [B].

The acetyl- and 1,1'-dlacetylferrocene needed to synthesize
the acids were obtained by the known methods: the former from
ferrocene and acetic anhydride in the presence of 85% phosphoric
acid with a yileld of 70-71% of theory {[1], and the latter from
ferrncene and acetyl chloride in the presence of A1Cl, with a
yield of about 80% [2].

Table 2. Influence of Reaction Conditions
on Ferrocenecarboxylic Acid Yield

a Yeiosna poaswei e £
= Suzez
C d xeoumrpw« % oF Teept-
seunepa- | kposoxan-|  yoqumo cootnomeme PrcIoOp2 - THCCK®
7;‘&‘ TEIHKTE | C H,FeC,| “.COC"{P\O(J KOC
« s, %
70 S “1:10 2 280
S0 5 1:10 71 35,0
.0 S 1:10 7.7 643
50 10 1:10 77 33
0 3 1:10 7.7 00
S0 5 1:2 154 452
50 S 1:40 L_ 08 422 .

KEY: (a) reaction conditions; (b) tempera-
ture, °C; (c) time; hours; (d) molar ratio;
(e) concentration of KOCl1l solution, % by
weight; (f) yleld, % of theory.

FTD-HT-23-988-68 -3~
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To -ascertain the influence of reaction conditions on
ferrocenecarboxylic acid yield, the reaction temperature was
"~ varled from 30 to 70°C, the reaction time from 3 to 10 h, and
the potassium hypochlorite soluticn concentration from 7.7 to
30.8%. -The results of  the experiments are shown in Table 2.

As we see from the data vresented, the maximum ferrocene-
carboxylic acid yield (45.2% of theory) was obtained at 50°C,
a reaction time of 5 h, and a potassium hypochlorite solution
concentration of 15. H%.

Several methods are kngwn for the synthesis of ferrocene-
1,1'-dicarboxylic acid (see Table 1). As we noted, carboxyla-
tion of lithium ferrocenes yields a mixture of the acids. The
content of ferrocene-i,l'-dicarboxylic acid in this mixture is
30-70% and does not exceed 35% of theory [3-7]. Oxidation of
acetylferrocenic acld by lodine in pyridine gilves a 14% yield
of .Cerrocene~1,1'~dicarboxylic acid [16].

The yileld of ferrocene-l,l'-dicarboxylic acld obtained from
ferrocene and phenyl sodium amounts to 42% of theory [17]. It
has been possible to obtain a 77% yleld of ferrocene-1,1'-di-
carboxylic acid by oxidizing 1,1'-diacetylferrocene with sodium
hypoiodite and hypochlorite [2, 18, 19].

The latter method was use2 in the present study to synthe-
size ferrocene-1,1'-dicarboxylic acid:

. COCH, k cooit

- Fe . + 6KOCl —> Fe s BKCI+2C0,+2i1,0

coch, : " coon

The synthesis conditions were modified slightly from those
described in the literature: the reaction was conducted for 5 h
at 50°C and a potassium hypochlorite concentration of »7.7%.

The yield of ferrocene-1 1'-d1carboxylic -acid was then 90-92% of

tnecry.

The literature describes three methods for the synthesis of
the amide of ferrccenecarboxylic acid (carbamylferrocene). For
example, carbamylferrocene has been obtained from ferrocene car-~
‘boxylic acid chloride and concentrated ammenium hydroxide [e1l.

The authors do not indicate the synthesis conditions or the
carbamylferrocene yleld. A possible way to synthesize carbamyl-
ferrocene (yield 93% of theory) byalkalinehydrolysis of the
nitrile of ferrocenecarboxylic acid in the presence of hydrogen
peroxide has been described [15]. However, this method invclves
the complicated preparation of ferrocenecarboxyllc acid nitrile

£z1].

-

o
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Other authors [11] prepared carbamylferrocene with a 70.5%
yileld by alkylating ferrocene with carbamyl chloride- in the
presence of aluminum chloride as a catalyst. But carbamyl
5, : chloride 1is a highly unstable substance, which decomposes into
i ; cyanuric acid and hydrogen chloride, so that it bécomes incon-

! venient to work with it. The stability of carbamyl chloride
can be improved by adding aluminum chloride (moiar ration 1:1).
This results in formation of a stablie compound that melts in ‘the

; : 60-80°C range [23-24].

: : In the present study, carbamylferrocene was synthesized
i e . by direct reaction of ferrocene with carbamyl chloride in the .
presence of AlCl, and using the complex of carbamyl chloride with

i F aluminum chloride, by the scheme

CONH,

© N

! . ‘ i
Fe 4+ NH,COCI'AICl; —> fe +. HCI

LR 30 s SEDME T § | Syl dortes bt Ao

The yield of carbamylferrocene was about the same in both
cases, at 70-72% of theory. The carbamyl: chloride needed for
this synthesis was obtained by treating ammonium chloride or
ammcnia with phosgene [23, 24]. The diamide of ferrocene-l,1'-
dicarboxylic acid (dicarbamylferrocené) was obtained by the )
reaction [15]:

co co_cn ' __CONH,
1 PCly NH; N i
Fi

l
" —>. P - ' }"0
<5\(,OOH COCl ) i \CON‘H&

The intermediate product — the diacid chloride of ferro-
cere~l,1l'~dicarboxylic acid -- can be obtained by reaction of
2 ferrocene-l »1'-dicarboxylic acid with hydroxyallyl chloride [211,
: by the reacfion between ferrocene-1,1'-dicarboxylic acid and
L e PCl, (molar ratio 1:2) in benzol [15] or without a solvent and
, with a 115-fold excess of PCl, [25]. The former method glves a

rather high yield of the diacid chloride (~80% before recry-

stallization), but requires preliminary synthesis of the hydroxy-
2llyl chloride, the yileld of which 1s very small. In the latter
method, the diacid chloride of ferrocene-~l,l'-dicarboxylic acid
was obtained with a 30% yield after agitating for 3 hours at '
5=-6°C and 5 hours at 50°C., We did not succeed in improving this
yield in synthesis of the diacid chloride by this method. .An
attempt to prepare the diacid chloride by reacting ferrocene-

L= ooy SR v
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§ ’ 1,1'-dicarboxylic acid with PCl, falled. Goldberg £25] did not

3 ¥ isolate the diacid chloride prepared by boiling ferrocene-1l,1'-
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dicarboxylic acid for 24 hours with a 115-fold excess of PCl 33

it was converted at once into the dimethyl ester of ferrocene-

1 1'-dicarboxylic acid. The authors of this paper obtailned the
diacid chloride of ferrocene-l,l'-dicarboxylic acid with 46%

of the theoretical yleld by boiling ferrocene-l,1'-~dicarboxylic
acld for 12 hours with a 115~fold PCl,; excess.

1,1'-dicarbamylferrocene was obtained with almost 100%
yield by passing ammonia through a benzol solution of the di-

‘acid chloride.

The literature does not describe the preparation of ammon-
ium salts of ferrocenecarboxylic acids. The authors prepared
these ammonium salts by passing gaseous ammonia through a solu-
tion of the ferrocenecarboxyli" acids in dimethylformamide at
rrom temperature:

C;l l;FcC,H‘COOR NH, E') C;HJ(:C;H.COONH.
(CsH,); Fe {COOLY), > (CsH,); Fe (COONH,),
EXPERIMENTAL

1. Synthesis of Ferrocenecarboxylic Aclds

Ferrocenecarboxylic acid was synthesized by the following
method: 125 ml of a (~15, 4% by weight) potassium hypochlorite
solution to which 5.7 2 (0.025. mole) of acetylferrocene had been
added were placed in a triple-neck flask fitted with an agita-
tor; a reflux condenser, and a thérmométer. The reaction was
carried out darkneéss. The mixture was heated to 50°C with
vigorous agitation. At I: 5, 2, and 3 h after the reaction tem-
perature ‘had: stabilized; 62.5-ml portions of potassium hypo-~
chlorite solution were added and the mixture was then agitated
for 2 h at 50°C and immediately filtered off. The filtrate
was ‘treated with an aqueous sclution of sodium bisulfite and
acidified with hydrochloric acid until a yellow precipitate
appeared. To make. suie that all of the hypochlo"i ¢ had been
decomposed the reaction mass was tested with potassium iodide
solution. The crude acld was reprecipitated with 10% HC1l solu-
‘tion, from saturated sodium ‘bicarbonate soluciens It was then
washed: with water to remove sodium chloride and dried. The
ferrocenecarboxylic acid yield was 2.5 g (45.2% of theory).

The ferrocenecarboxylic acid was a yellow substance, soluble
in. organic solvents and vrystallizing from a toluol-ligroin (1:1)
mixture. The literature cites various melting (decompocition,
poin*s for ferrocenecarboxylic acid; they vary from 195 to 230°
The ‘melting range found by the authors was 195-200°C {with de-A
composition)

Elementary composition, %: C—576% 57.50; "H—465 428; Fe—2424; 24,40,

Calculated for C,HiCiFe, %: C—57, 4 H—4, 35; Fe~24, 3,
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Ferrocene-1,1'-dicarbcxylic acid was synthesized by the
same method witnh an additional not-benzol washing to remove any
acetylferrocenecarboxylic acid that may hLave formed during the
reaction.

The ferrocene-i,l!'-dicarboxylic acid was an orange-yexlow
substance, insoluble in benzol or ether, and crystallizing from
glacial acetic acid and from alcoh¢l. According to some litera-
ture sources, the acid does not melt beiow 250°C [3, 4], while
according toothers it sublimates at 230°C {2, 18, 19]. The
ferrocene~i,l'-dicarboxylic acid obtaired by the authors nelther
melts nor decomposes below 250°C, -

Elementary composition, %: C—5240; 5235 E-35% 36i; Fe—204% 20.38.
Calculated for Cil;FeO, %: C—-525 H—3635; Fe—20354.

2. Synthesis of Ferrocenecarboxylic Acid Amide (Czrbamylferro-

cene)

Carbamylferrocene was synthesized by the following method:
a suspension of the complex of carbamylchlcride with zluminunm
chloride, consisting eof 10 g (0.075 mole} of AlCl, and 5 g
(D.075 mole) of MH,COCl in 150 ml of dichlorcethare, was poured
into a triple-neck flask fitted with a stirrer, a dropping
funnel, and an air condenser at 0°C. During 20 min, 2 solution of
9.3 g (0,05 mole) of ferrccene in 20¢ ml of dichloroethane was
added to the mixture with coolirg. The mixture was brcught to
room temperature for 1 h and then agitated for 16-2ZC h in 2
nitrogen atmosphere. The aluminum chloride was decomposec with
100 ml of water and the organic phase washed with water, dried
with scdium sulfate, and evaporated to a residue, which was
washed withn petroleum ether. The residue was recrystalilzed
from water to obtain 8.2 g of carbamylferrocene (71.2% of
theory). According to iiterature sources, the melting poinC of
carbamylferrocene varies fromi6® to 171°C, 1in agreement with our
result (168-17G°C).

Elementary composition, %: C—S7A% 5i91;" H=495; 43%; Fe—24il: 2¢3; N—-660: 612
Caiculated fer GM,FeNO, %: T—57.7; H—48; Fe—244; N~§1.

. Synthesis of Diamide of Ferrocene-1,1'-dicarboxylic Acid
1,YV-dicarbamyl errocene ) -

The diacid chloride of ferrocene-1,i'-dicarboxylic acid was
£irst synthesized by boiling 5.5 g (0.025 mole) of ferrocene-
1,1?~dicarboxylic acid with 200 ml (2.3 moles) of FCls for 12 h
in a nitrogen atmosphere., The PCl, excess was then driven of?f
under vacuum; the residue was recrystallized from petroleum ether
to obtain 3.26 g (46% of theory) of the diacid chlcride of ferro-
cene~1,1'~dicarboxyliic acid. At this point, in view of the rapid
hydrolysis of the diacid cnloride, we did not isolate the latter,
but extracted the residur repeatediy with benzol after driving

-7-
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off the PCl, and used th. extract to synthesize 1,1'-dicarbamyl-

ferrocene.

To prepare 1,l!'-~dicarbamylferrocene, ammonia was passed
through a precooled benzol solution of ferrocene~1,i'-dlc¢arbox-~
yli¢ acid dichloride at a rate such. that the reactlion tempera-
ture did not rise above 15°C and the evolution of white NH,C1
fumes was not too violent. The mixture was &llowed to stand
overnight after the reaction. The reaction mass was then fil-
tered off and the residue washed first with benzol and then with
water -anG recrystallized from water, 1l,1l'-dicarbamylferrocene
was -obtained wivh a yileld of almost 100%. It takes the form of
Iight-yellow crystals with bronze iridescence, melting at 275°C
(according to literature data, tpy = 270-275°C).

10 l+OE~1‘én:gan\‘ca:c'y composition, %: C--5269; 5302 H—469; 432 Fe~20,79; 2070, N-10,31;
», N . ~ N
Caléulated for CuHiFeN:,Op %: C~5294; H—4,44; Fe—20,68; N—10.21.

4,~§yntheSis of Ammonium Salts of Ferrocenecarboxyllic Acids

Ammonium salts of  the ferrccenecarboxylic aclds were pre-
pared with almost 100% ylelds by passing ammonia through a solu-
tion of the ferrocenecarboxylic acids in dimethylformamide at
room. temperature: (weight ratio of acid:solvent 1:10), The reac-
tion was considered complece when no- more ammonia was absorbed.
The resulting residue was filtered -off, washed wlth dimethyl-
formamide and then.with ether, and dried in a vacuum, The am-
monium salts .of feérrocenemono~ and 1,1'-dicarboxyllc acids do
not melt; -but darken at temperatures of 220 and 230°C, respec-
tively, ‘ .

Elementary composition for cyH,FeNO, %: C—5353; 53,60; H—536; 545;
Fe—2280i22,65; N—5,49; 9,73, '

CaYeulated, %:C—534; N=556; Fe—227; N—517.

Eiementary‘cgmppsition for CMhJﬂ%@.%:C—WA&4&%;H—am;aw;
" Fe-1825; 18,1; N—9,08; 9,14,

Calculated, %:C--46,7; H—518; Fe—1822; N~9,5,
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