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SYNTHESIS OF FERROCENYLACETYLENES
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Ferrocenylacetylenes constitute an interesting class of ferrocene derivatives
since they may serve as starting materials for the construction of more complex
organometallics.

Ethynylferrocene, the simplest member of this class of compound, was first
prepared in 1961 by Benkeser and Fitzgerald! from vinvlferrocene by the classical
method of bromination and dehydrobromination. Subsequently, Schlogl and Egger?
described an improved four-step procedure, utilizing (chloroacetyl}ferrocene as an
intermediate, by which the ethynyl derivative was obtained in 15 9; overall yield from
ferrocene.

We are prompted by the very recent publication of Schégl and Streyrer® to
describe experiments paralleling theirs by which this acetylene may be convenientiy
prepared, and furthermore to illustrate its use in the synthesis of other ferrocenyl-
acetylenes.

\When acetylferrocene is treated with phosphorus oxychloride in dimethyl-
formamide, following the procedure of Arnold and Zemlica#, it is smoothly trans-
formed to the g-chloroaldehvde {I). A second, rather unstable, crystalline material,
which contains halogen, could be isolated from these reactions, but apart from its
infrared spectrum its high reactivity prevented further characterization. This
substance, m.p. 43°, is assigned the structure of (1-chlorovinyl)ferrocene (1I) on the
basis of a comparison of its infrared spectrum with that of the heteroannularly
disubstituted ferrocene (V), and from its conversion in aqueous ethanol solution to
acetylferrocene. That it is very likely an intermediate in the conversion of acetyl-
ferrocene to the chloroaldehyde (I) may be shown by its transformation, in high yield,
to the latter derivative on treatment with phosphorus oxychloride in dimethyl-
formamide”. The formation of undesired (r-chlorovinyvljferrocene in these reactions
mayv be obviated by emploving an excess of phosphorus oxychloride, in which case the
chloroaldehvde (I) is the sole product and is obtained in 87 95 vield.

Ci Ci

<‘:=CH2 (!:=CHCHO CECH

COCH5

&
9

(I} &3}
* The substance is apparently the same as that reported by Schlogl and Streyrer® which they
also could not fullyv characterize.

J- Organometal. Chem., 6 (1966) 173-180



I74 M. ROSENBLU}, N. BRAWYN, J. PAPENMEIER, 3. APPLEBAUM

VWhen the chloroaldehvde (I) is heated briefly in a basic aqueous dioxan
solution, following a procedure recently reported by Bodendorf and Kloss3, it is
transformed to ethynylferrocene (III) in 889 yield. Since acetvlferrocene mayv be
obtained in essentially quantitative vield from ferrocene, this route constitutes a
relatively simple and expeditious method for the preparation of ethynylferrocene.
(The use of potassiumn amide in liquid ammonia has also been used to effect this
transformation3.}

As with acetvlferrocene, treatment of 1,1"-diacetyvlferrocene with phosphorus
oxvchloride in dimethyvlformamide gave 1,1’-bis-(2-formyvl-i-chlorovinyl)ferrocene
{IV) in 85 2} vield. \WWhen these reactions were carried out in the presence of a smaller
proportion of phosphorus oxychloride, the chlorovinyl derivative (V) was isolated
with (IV}. The structure of this substance follows from its analvsis, its infrared spec-
trum which exhibits absorption at 6.22 and 10.95 u, and its N)MR spectrum which,
in addition to a pair of doublets characteristic of the formyl and vinyl protons, also
exhibits an AB quartet tyvpical of the methviene group (Table 1).

TABLE |

NMR DATA OF FERROCENE DERIVATIVES
Unless othenwise noted. all spectra were determined in CDCL; using tetramethyvlsilane as internal
standaxd. Chemical shifts are given in . Fe = C;H ;FeC;H .~ or C;H FeC H —; s = singlet, d =
doublet; t = triplet, m = multiplet.

Cempound Ckemteal skifts of CH protors Otier chemical srifts with assign-
nizils
H- Hpg J
FecCCl=CHCHO 5.28 (t) 5.47 {© 1.5 3.%4 {d) C=CH, —o.0% (d} CHO,
4 7-3: 5-79 (s) CsH;
Fe{CCl=CHCHO}. 5.25 (t) 35.43 (8} 1.6 3.70 {(d} C = CH, —o.01 (d) CHO,
J7r
CH.,=CCIFcCCi=CHCHO 35.59 it} 545 (4 .3 4.62 (d) 4.70 (d) CiC=ClH., J 0.9:
3.30 {t) 5.46 {t) 8 3.67 {d} C=CH, --o0.06 {d} CHO,
J7s
HC=CFcCCl=CHCHO 3.52 i{t) 3.72 {t) 3.62 {d) C=CH, —o.18 {d) CHO.
5-25 (t} 5.40 {8} 20  J7.4:5720(5) C=CH
FeC=CH 5-52 it} 5.30 {t) 1.9 7-28 {s) C=CH; 5.79 {5) C;H;
¥eC=CPh 5-30 (z} 5.0 {t) 1.3 5.75 {sy) C;H: 2.56 (m) Ph
Fe(C=CPh}, 5.4 (t} 5.69 {t} .3 270 {m) Ph
FcC=CFc 5-34 (t) 5-76 (t) 1.3 5.76 (s) 5.95 (s)* C;H;
563 (4= 612 (t)e
Fe{C=CFc}a 5-53 {m} 5.76 {m}® .3 5.76 (s} CyHy
FeC=CC=CFc 5.50 (t) 5-78 (t) 1.8 5-76 (s) C;Hy
FeCCl=CHCH=CHCO 5.53 (t) 572 (t) b Complex multiplet between 3.3 and
—_—_ 5-13 (%) 547 (W L7 13

e Taken in dimethyl sulfoxide-d,. ® H, absorption in the disubstituted and in the mono-
substituted ferroccne nuclei overlap, while the corresponding Hp resonances overlap with that of
the unsubstituted ring protons.
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\When this substance was treated with phosphorus oxychloride in dimethyl-
formamide, it was transformed not to (IV) as was anticipated, but instead lost the
elements of HCI and gave a substance C,;H,,CIFeO. This orange-red crystalline
material exhibits carbonyl absorpticn at 6.08 x4, and on the basis of its NMR spectrum
Is tentatively assigned the bridged structure (VI).
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Attempts to convert the bis-chloroaldehvde derivative (IV) into diethynyl-
ferrocene have thus far been without success*. Although the ethynyl derivative (VII)
can be isolated from the base treatment of (IV), the reaction of this substance with
base has vielded only decomposition products.
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Ethynyvlferrocene (I11) serves as a very useful starting material for the synthesis
of other acetylenic derivatives, following the recently published method of Stephens
and CastroS. Thus, ethynviferrocene is readily converted to a stable cuprous salt on
treatment with cuprous todide in ethanolic ammonia solution™". When this salt is
heated in pyvridine solution with iodo- or 1,1’-diiodoferrocene’, it is cenverted in high
vield to the corresponding disubstituted acetylenes (VIIIa) and (IXa}. The synthesis
of diferrocenylacetyvlene has recently been reported by Pauson and WattsS, but it is

- Schlogl and Strevrer® have reported some spectral evidence for the presence of this substance
in their crude reaction mixtures, but they too were unable to isolate any well-defined product.
~* The cuprous salt must be washed only briefly with ethano! and ether, since continued wash-
ing in air leads to the formation of the coupling product.
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clear that the present procedure offers distinct advantages in terms of simplicity and
vield to the earlier procedure.

R—C=C—Cu

Fé Fa
i !
E—e=e—
(1X3) 2 terroceny: {vifzg) R Terrocenyi
(X3} 2 creny! (VIIIB} R cheny:

In similar fashion fedo- and 1,1'-dliodoferrocenes were coupled with cuprous
phenvlacetviide to give the derivatives (VIIIb) and (IXb). The preparation of the
former compound by a similar coupling reaction has also been reported by Nesmevanov
and co-workers®.

N)MR spectral data for all compounds reported in this papers are summarized in
Table x.

EXPERIMENTAL

Corver si ot of aceiviferrocciie inio {(I-chlorovinyiiferrocene{Il} and ic {2-formyl-r-chloro-
vinvlterrecene {I}

_—\. solution of 5 ml of phosphorus oxychloride {55 mmoles} in 20 ml of dimethyl-
formamide, prepared at 0°, was added dropwise to a stirred solution of 5.7 g of acetyl-
ferrocene {235 mmoles) in 20 ml of dimethvliormamide, kept in a nitrogen atmosphere,
and cooled to o°. After 15 minutes the deep green solution became purple. The reaction
was allowed to proceed at o~ for 2 h and then at room temperature for 1 h, after which
tinie the solution was poured into 150 ml! of 20 °, sodium acetate solution and allowed
to stir, in a nitrogen atmosphere for 1.5 h. This solution was extracted several times
with methvlene chloride, and the combined organic extract was, in turn, washed with
water to remove dimethylformamide, dried over magnesium sulfate and concentrated
to 2 red oil. This was immediately placed onto a chromatographic column prepared
from 500 g of Fisher alumina {treated with ethyl acetate). Elution with Skellysolve B
gave two major bands. The first afforded 3.5 g of (rchlorovinyi)ferrocene (39 % yield).
Rapid recrystallization from ether/pentane afforded the substance as yellow plates,
m-p- 4$3—44.5°, which decomposed slowly at o°, evolving HCI. The second band, on
elution with 20 9, ether in Skellysolve B, and recrvstallization of the product from the
same solvent mixture, gave 1.17 g of (2-formvl—1—chlorovinvl)ferrocene m.p. 76-78%, as

red prisms (17 9%, vield) (Lit.2 m.p. 78-79°}. UV Zpgr in EtOH 272, 309, 380, 503 ;
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£ 8600, 8200, 1500, 1400. (Found: C, 56.8; H, 3.85; Cl, 12.50. C,,H,,CIFeO calcd.:
C, 56.9; H, 4.01; Cl, 12.92%.)

Reaction of 4.56 g (20 minoles) of acetylferrocene in 30 ml! of dimethylformamide
and 6.1 ml (60 mmoles) of phosphorus oxychioride in 20 ml of the same solvent gave
477 £ (87 9%) of the chloroaldehyde (I) as the sole product, when the reaction was
allowed to proceed for 15 minutes at 0° and then for 2 h at room temperature, before
workup.

Converston of (z-chlorovinyl) ferrocene (11} into (2-formyl-1-chlorovinyl)ferrocene (I)

To 2.55 g (10.3 mmoles} of (III) in 15 ml of dimethviformamide, cooled to 0°,
and in a nitrogen atmosphere, was added 5.0 ml (35 mmoles) of phosphorus oxy-
chloride, dissolved in 15 ml of the same solvent. After addition was complete, the ice-
bath was removed and the deep purple solution was stirred for 1 h. The reaction was
then quenched by theadditionof 50ml of an aqueous 35 °; solution of sodium acetate,
and stirring was continued in a nitrogen atmosphere for 12 h. The aqueous solution
was then extracted several times with methvlene chloride and the combined organic
extract was then washed with water and dried over magnesium sulfate. The organic
solution was then filtered twice through alumina and solvent was allowed to evaporate
leaving 2.05 g (73 %5} of the chloroaldehyde (I).

Conversion of (r-chlorovinyl)ferrocens (I1I) into acetyvlferrocene

The vinyl chloride (430 mg) was dissolved in 40 ml of ethanol and 10 ml of 10 %
hyvdrochloric acid was added. The vellow solution, which immediately turned red-
orange in color, was allowed to stand for 25 h at room temperature. After work up,
400 mg of a crude material was isolated, which after chromatography on alumina
afforded 250 mg (63 °,) of acetvlferrocene, m.p. $2-83°, identical with an authentic
sample of this substance.

Eilvuvlferrocene (111}

(2-Formyi-1-chlorovinyiiferrocene (476 mg, 1.73 mmoles) was dissolved in 15 ml
of dioxan and the solution was heated in a nitrogen atmosphere to reflux. To this
solution was added rapidlyv 1o ml of 0.5 N NaOH solution. Reaction was allowed to
continue for 5 min and the solution was then poured into 50 ml of cold water. After
acidification with HCI, the solution was extracted exhaustivelyv with ether, and the
combined ether extract was washed to neutrality and dried over magnesium sulfate.
Solvent was removed and the residue was chromatographed on 25 g of ethyl acetate
washed Fisher alumina {activity 2). Elution with Skellvsolve B led to the development
of two bands. The first vellow band afforded 305 mg (SS$9;) of ferrocenylacetyviene,
m.p. 51-33.5° (lit.}=3 55-56°}. An analytical sample was recrystallized from ether/
pentane as vellow platelets, m.p. 52-53.5°. UV J 42 in EtOH 265, 445 u; € 3300, 116.
{Found: C, 63.55; H, 4.93. C,.H, Fe calcd.: C, 6S.59; H, 4.76 %.)

The second red band gave 22 mg of starting material.

Conversion of diacetvlferrocene into (IV) and (1)

Diacetvlferrocene (4.4 g, 16 mmoles) was treated with 3.0 ml (32 mmoles) of
phosphorus oxychloride in 70 ml of dimethyiforrnamide, following the procedure
emploved in the reaction of acetylferrocene. After hyvdrolysis with sodium acetate,
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the reaction mixture was filtered and undissolved material was washed three times
with ether. These ether washings were combined with the ether extracts of the filtrate.
The remaining, undissolved solid was taken up in methvlene chloride. The separate
organic solutions were washed several times with water, dried over magnesium
sulfate, and after concentration were each chromatographed on 2c0 g of Merck acid
washed alumina. The column containing ether-soluble material gave, after elution
with ether, 1.85 g of the partially converted product (V). The column containing
methvlene chloride-soluble material gave an additional 0.28 g of this substance on
elation with ether. Recrystallization from ether/petroleum ether gave (V) as ruby red
platelets, m._p. 81-83. UV Zpqz in EtOH 230, 275, 310, 483 mu; &, 17,700, 9500, 6200,
g20.(Found:C,53.7; H,3.5; Cl,21.28.C;;H,.Cl,FeOcalcd.: C,53.8; H,3.6; CL,21.179,.)

A second band, removed from this latter column with chloroform, gave 1.32 g
of the bis-chloroaldehyvde {IV) as black prisms, m.p. 198-1g8.5, after recrystallization
from chloroform/cveclohexane. (Schlégl and Strevrer® report this substance as having
m.p- 88-89°.) UV Zpg,r in EtOH 285, 313, 422, 490 u; € 20,500, 138,100, 2130, 1760.
(Found: C, 53.25; H, 3.49; Cl, 1g971. C;;H;,Cl.FeO, calcd.: C, 52.93; H, 3.31; Cl,
19.53 %.

\When this reaction was carried out on 5.4 g {20 mmoles} of 1,1’-diacetylferrocene
employing r2 ml (128 mmoles} of phosphorus oxvchloride and the reaction was worked
up by extracting the aqueous-organic solution with methyvlene chloride directiyv, the
vield of bis-chloroaldehyde, the sole product of the reaction, was 6.2 g (85 ;).

Conzversion of (V) to (VI)

A cold solution of © ml {11 moles) of phosphorus oxvchloride in 1o ml of di-
methylformamide was added with stirring and in a nitrogen atmosphere, to 2.1 g
:6.3 mmoles) of {V'} dissolved In zo ml of the same solvent, cooled in an ice-bath.
After 15 min the ice-bath was removed and the reaction was allowed to continue for
2 h. The solution was then poured into 100 ml of a 209, sodium acetate solution,
stirred for 1.5 h and then extracted exhaustively with methyvlene chloride. The com-
bined organic extract was washed with water and then dried over magnesium sulfate.
On concentration of this soiution 1.08 g {57 %,) of {VI) were obtained as orange-red
crvstals, mop. 153-155°. The product was recrystallized from chloroform/cyvclohexane
for anaivsis. UV Zpmer in EtOH 230, 307, 475 #; £ 11,800, 2100, 340. {Found: C, 60.55;
H. 3.51; Cl, 11.76; Fe, 18.43. C,;H,,CIFeO caled.: C, 60.34; H, 3.71; Cl, 11.87; Fe,
I8.71 %5

~

Preparation of cuprous ferrocenviacetylide

A solution of 2.0 g (10.5 mmoles) of cuprous iodide in 30 ml of 30 % aqueous-
ammonia was added to 1.47 g (7.0 mmoles) of ferrocenylacetylene in 4o ml of absclute
ethanol. After stirring for 15 min at room temperature the yvellow salt was filtered ofi
and was quickly washed with small portions of water, then ethanoi and finaily ether.
The salt was dried in an oven at 307 to give 1.39 g of product {73 ).

The organic washings were combined, washed free of ammonia, dried over
magnesium sulfate and concentrated. The resulting red oil was chromatographed on
25 g of basic Fisher Alumina. Elution with ether gave 360 mg of diferrocenyldiacetyl-
ene, m.p. 200—202° (lit.2 196—1957). UV ia, in EtOH 224, 285, 453; £ 45,000, 21,400,
15560. (Found: C, 69.3¢; H, 4.68. C; H  Fe. calcd.: C, 65.95; H, 4.33 %-
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Preparation of diferrocenyiacetylene (VI1I11a)

A solution of 413 mg (1.5 mmoles) of cuprous ferrocenylacetylide and 624 mg
(2.0 mmoles) of iodoferrocene” in 16 ml of pyridine, which had been flushed with
nitrogen, was heated at reflux for 30 min. The reaction mixture was then poured into
50 ml of ice and water and the crude product collected by filtration and washed
repeatedly with warm benzene unti! the washings were colorless. The combined
benzene extract waswashed to neutrality, dried over magnesium suifate, concentrated
and chromatographed on basic Fisher alumina. The single band which developed was
eluted with benzene and gave 435 mg (73 %) of diferrocenylacetvlene. An analytical
sample obtained as deep red needles from chloroform/cyclohexane solution melted at
244-2167 (lit.8 244-246°). UV 7,42 in EtOH 230, 263, 302, 453 my; € 19,400, 11,500,
10,900, 820. (Found: C, 67.41; H, .1.78. C,.H,Fe., caled.: C, 67.06; H, 4.59 %.)

Preparation of 1,1-bis(ferrocenylethynyl)ferrocene (I1Xa)

Treatment of 438 mg (1.0 mmoles) of 1,1'-diiodoferrocene with 591 mg (2.2
mmoles) of cuprous ferrocenyvlacetyvlide in 30 ml of pyridine, according to the above
procedure, gave 332 mg (55 %) of (IN), m.p. 260-2063°, after chromatography and
repeated crystallization from chloroform/cyvclohexane. UV Zpaz in cyclohexane 264,
303, 447 mu; € 18,0650, 16,470, 1,290. (Found: C, 67.62, H, 1.49. C3,H,Fe, caled.:
C, 67.82; H, 4.35%.)

Preparation of r-ethyuvi-1'-(2-fornivl-r-chlorovinvl)ferrocene (VII)

To 726 mg (2.0 mmoles) of the bis-chloroaldehyde (IV) in 50 ml of dioxan was
quickly added a solution of 570 mg {10 mmoles) of potassium hydroxide in 2 m! of
water and ro ml of dioxan. After refluxing for 1 h, the red solution had turned orange
incolor. It was then poured into water and extracted exhaustively with ether. The ether
extracts were combined, washed with water to neutrality and dried over magnesium
sulfate. Removal of solvent left a red oil which was chromatographed on 25 g of alumi-
umina emploving ether as eluent. A small vellow band was discarded. A larger pink
band, which followed, vielded, on evaporation of solvent and addition of pentane,
277 mg of the ethynyl derivative (VID, m.p. 110-111°. The column was then washed
through with ether containing 2 2, methanol. In this manner a dark purple band was
cluted which vielded 166 mg of starting material. UV 2,,,,1n EtOH 253, 313, 3380, 197;
£ 10,700, 14.500, 1860, 1770. {Found: C, 60.18; H, 3.97; Cl, 11.83. C,;H,,ClFeO
caled.: C, 60.33; H, 3.71; (], 11.899%,.)

Preparation of ferrocenyiphenviacetylene (VI1Ib)

Cuprous phenvlacetyvlide (9.05 g, 29 mmoles} and iodoferrocene {¢.gS g, 60
inmoles} were refiuxed in pyridine solution for 16 h. The solution was then poured into
100 ml of water and extracted several times with ether. The combined ethereal extract
was washed with water, then 2 \ hydrochloric acid and finally with water to neutrality.
After dryving over magnesium sulfate, the solution was concentrated and chromatog-
raphed on basic Fisher alumina employing Skellvsoive B as eluent. The first, yellow
band gave 1.37 g of iodoferrocene, while the second, orange band gave 6.17 g (88¢5)
of ferrocenviphenvilacetyvlene, m.p. 126-128° (lit.8 121-123%). Recrvstallization for
analysis from ether/pentane gave this substance as orange needles, m.p. 125-127.5°
UV ez in EtOH 252, 298, 453 u; 2 18,goo, 16,900, 500. (Found: C, 75.20; 75.33;
H, 5.37, 5.42; Fe, 19.92. C, H, Fe caled.: C, 75.55; H, 4.93; Fe, 19.52%.)
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Preparation of z,r°-bis(prenvicthynyl)ferrocene (I1Xb)

Treatment of 500 mg (1.2 mmoles) of 1,1°-diiodoferrocene with 1.14 g (7.0
mmoles} of cuprous phenvlacetylide in pyridine solution, following the procedure
given above, gave 177 mg (40 95) of (IXb), m.p. 17.4-175.5, after chromatography and
recryvstallization of the product from petroleum ether. UV Z;gr in EtOH 253, 304,
453 p: £ 31,800, 26,100, S70. (Found: C, So.71; H, 1.07. C.,sH s Fe caled.: C, S0.84;
H, 4.697%.}
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SUMMARY

The action of dimethvliormamide and phosphorus oxychloride on acetyvl-
ferrocene converts it, via {I-chlorovinyliferrocene, into (z-chloro-z-formylvinyl)-
ferrocene. This substance 1s transformed by sodium hyvdroxide in aqueous dioxan to
ethyvnylferrocene. The two-step sequence constitutes a convenient synthesis of this
substance.

1,1"-Diacetylferrocene is similarlyv converted into a bis-chloroaldehvde, but on
treatment with base this gives r-ethynvl-1'-(1-chloro-2-formyivinviferrocene as the
only characterizeabie product.

Cuprous ferrocenvlacetyvlide couples readily with mono- and 1,1’-diiodo-
ferrocenes to give diferrocenyvlacetvlene and 1,1'-bis{ferrocenvlethynvljferrocene.
Simuilar reactions may be effected with cuprous phenvlacetylide.

NMR spectra of all substances described are given.
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