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METAL COMPLEXES OF HETEROCYCLES

I. THE PREPARATION OF PYRROLYL MANGANESE AND
IROXN DERIVATIVES

K. K. JOSHI], P. L. PAUSON, A. R. QAZ]I axp W. H. STUBBS
Departmes:t of Chenislry, The Roval College of Science and Techrology, Glasgow (Greas Britain)

{Received December 17th, 1963)

Although thiophene® and methylpyridine® analogues of benzenechromium tricarbonyl
were described not long after this benzene complex, heterocvclic analogues of the
cyclopentadienyi-metal complexes have proved more elusive. The first example, the
preparation of pyrrolylmanganese tricarbonyl (ITa) from dimanganese decacarbonyl
and pyrrole (I2) was described in our preliminary communication3. We now describe
the extension of this reaction to a series of alkyl derivatives (Method I).
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The same compounds (II) have also been obtained by the rea..’on of bromo-
manganese pentacarbonyl, BrMn(CO); with the potassium salt of the appropriate
pyrrole (Method IT). Jloreover it has proved possible to extend this reaction to di-
earbonylcyclopentadienyiiron iodide which reacts with pyrrolvlpotassium to vield
azaferrocene (I1la).
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The compounds (ITa) and (I11a) are distinctly less stable than their cyclopenta-
dienvl analogues. Their melting points are considerably lower, but in most other
respects (e.g. colour, solubility, IR specira} the resemblance in physical properties
is remarkably close (¢f. Table 3}). Preliminary X-ray study? of 2 crystal of azaferrocene
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(I1Ia) has shown that it is isomorphous with ferrocene. The structure is therefore
diserdered, with nitrogen atoms randomly placed in any of the ten positions occupied
by carbon in a ferrocene molecule.

Attempts bave been made to measure the basicities of the unsubstituted com-
pounds potentiometrically. The value found for azaferrocene in aqueous ethancl
(PK = 4-5) is closely similar to that for quinoline (4.65) under identical conditions.
The manganese compound was too weakly basic to obtain more than a crude estimate
{x.6) under the same conditions. The sharp difference must be attributed to the strong
eleciron-withdrawing effect of the carbony?! groups in (Ifa).

In accord with these basicities all the compounds (IT and III) dissolve readily in
dilute aqueous acids. Azaferrocene (I1Ia) affords a crystalline picrate {V; X = H;
Y = CH,(NO,),O0-1 and reacts with methyl iodide to give a rather unstable salt,
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presumably (V; X = Me; Y = I). The less basic manganese complex (IIa) appears
unaffected by methyl] iodide under mild conditions. The corresponding metho-salt
(IV; X = Me; Y = I) is, however, obtained from halomanganese pentacarbonyl on
reaction with N-methvipyvrrole in the presence of aluminium chloride. This recction is
modelled on the preparation® of benzenemanganese tricarbonyl salts (VI). Indeed the
salts (IV and V; R = H or Me) are related to the latter (VI) and to the similariy
prepared benzenecyclopentadienvliron salts (VII) bv replacement of benzene by
pyrrole viz. N-methyipyirole respectively.

Solutions of azaferrocene in dilute nitric acid or in other acids to which oxidising
agents have been added cnly slowly uandergo a colour change reminiscent of that
undergone by ferrocene on oxidation to ferricinium salts. Less ready oxidation is, of
course, in harmony with the presence of the molecule as a positive ion In these solu-
tions. We have so far failed to effect electrophilic substitutions of azaferrocene. Here
again deactivation is expected to result from salt (V) formation in the svstems studied.
Even the neutral molecule (IIIa) is probably much less reactive than ferrocene, to
which it bears the same formal relation as pyridine does to benzene.

EXPERIMENTAL

All preparations were carried out undey nitrogen. Alumina used for chromatography
was Spence’s Gade H, deactivated by 3—1 h exposure to the atmosphere. Melting
points are uncorrected.

Preparaiions
These are summarized in Table 1 and follow the methods:
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TABLE 2
ANALYSES
Found 9 Required 9%, -
Comgpound m.p.or b.p. % ™ % -
C H N C H N
(i1a) 43° 41.0 1.8 6.7 41.0 2. 6.8
{IIc} 43~-52"ic.0o5 mm 306.3 3.8 6.1 46.1 3-4 6.0
(Ixg)  =25.5-26° 46.0 35 5.95 46.4 3.4 6.0
(Lle) 35-36° 50.4 4.5 55 50.6 5.6 5-4
{(f¥z2y  xx2° 57-7 5.0 7-4 57.8 49 7-4
{I1ic} 8o 82°fos5mm 6.3 61.4 6.0 6.5
(111d) 12-13°
50.5~61.5°%/3.5 mm 61.75 6.1 6.8 61.4 5.0 6.5

I. T:e pyrrole and manganese carbonyl were refluxed in the solvent and for the
time speified  the table. The solvent was then removed i vacuo, the residue dis-
sclved in ligroin and chromatographed on aluminz to separate unchanged carbonvl
frorm the product. The latier was puriged by crysialiisation from pentane (compound
1ia), vacuum sublimation {ITa, {Th [Id, ITe, ITTa, ITId) or vacuum distillation (Te,
iilo).

I, To potassium suspended under the soivent specified, a 10—20 ¢; excess of the
pyrrele vas added and the mixture was refluxed until all potassium had reacted
{46 &} After cooling, the halocarbonyl was added in the second quantity of solvent
and the mixture was refiuxed for the specified time. The products were worked up as
specifizd under I above.

TABLE 3
COMPARISOX OF IR SPECTRA

(CH)MRCO)y  (Co H(N)3En(CO}y

$EI5 W 403D W
4032 mn 3gtom
3508 m 35go1n
3145= 3cg0 s
23513 243503
2353 = )
2023 Vs 2002 s
IG59 Vs 1930 v
I133Ls I4X2S
13625 13¢0s
272z m
1195 m
ITI4m ITI7 M
1059 m i074sS
iol3s
1003 S 10103
935 m giom
Sgss 865 s
335s 3458
664 s 566 s
650 m
630s 630s
5323 533s
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IR spectra: The principal peaks of azaferrocene (IIIa) occur at 3940 (wj,
3080 (s), 1745 (W), 1715 (m), 1700 (m), 1660 (m), 1640 (m), 1409 (m), 1336 (m),
1342 (m), 1265 (m), 1185 (s), rr0g (s), T062 (m), 1002 (5), 835 (m), 816 (s).

The principal peaks of tricarbonyvlpyvrrolylmanganese (Ia) are compared with
those of tricarbonyleyclopentadienylmanganese in table 3.
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SUMMARY

Pyvrrole and its alkyl derivatives react with manganese carbonyl giving (alkyl)
pyrrolylmanganese tricarbonyls. These products are also accessible from bromo-
manganese pentacarbonyvl and potassium salts of the pyrroles. The latter react
similarly with dicarbonylcyclopentadienyliron iodide to give azaferrocenes.
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