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Although thiophene’ and methylpyxidine~ analogues of benzenechromium l Jcarbonyl 
were described not long after this benzene complex, heterocyclic analogues of the 
c~clopentadienyl-metal compleses ha\-e proved more elusive. The first esampk, the 
preparation of pyrrolylmanganese tricarbonyl (IIa) from dimanganese decacarbonyl 
and p)rrole (Ia) was described in ox preliminary communication3. We now describe 
the extension of this reaction to a series of a&~1 derivatives (M&god I). 
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lb) R’ = CH,; Rt = RJ = Ra = H (e) Rx = Rz = RJ 1 R* = Cl& 
(c) R’ = RJ = CH,; Rz z.z R4 s H 

The same compounds (II) have also been obtained by the rea,_;on of bromo- 
mangaxse pentacarbonyl, BrJIn(CO)5 with the potassium salt of the appropriate 
pyrrole (i\lefhod II). 3Ioreouer it has proved possible to extend this reaction to di- 
carbonylcyclopentadienyliron iodide which reacts with p\-rrolvlpotassium to yield _ - 
azaferrocene (HIa). 
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The compounds (Ha) and (IIIa) are distinctly less stable than +-heir cyclopenta- 
dienyl analogues. Their melting points are considerably lower, but in most other 
respects (e.g. colour, solubility, IR spectra) the resemblance in physical properties 
is remarkabIy close (cj. Table 3). Preliminary X-ray studq-i of a crystal of azaferrocene 
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(IIIa) has shown that it is isomorphous with ferrocene. The structure is therefore 
disorder& with nitrogen atoms randomly placed in any of the ten positions occupied 
by carban in a ferrocene molecule_ 

Attempts have been made to measure the basicities of the unsubstituted com- 
pounds potentiometricalIy_ The value found for azaferrocene in aqueous ethanol 
@R = +5) is cIosely similar to that for quinoline (4-65) under identical conditions. 
The manganese compound was too weakly basic to obtain more than a crude estimate 
(r-6> unc’kr the same conditions_ The sharp difference must be attributed to the strong 
election-withdrawing effect of the carbon+ gro\rps in @a)_ 

In accord P;ith these basicities all the compounds (II and III) dissolve readily in 
dilute aqueous acids_ Azaferrocene (IIIa} affords a crystalline picrate r; S = H; 
I- = C&,(X0.&,0-J and reacts with methyl iodide to give a rather unstable salt, 

presumably (%-;; S = Me ; T = I)_ The Iess basic manganee complex (IIa) appears 
ur;,af?ected by methyl iodide under mild conditions. The corres+onding metho-salt 
(I\-; S = Xe; Y = I) L, how-ever, obttied from halomanganese pentacarbon~l on 
reaction with _A--meth$pyrroIt in the presence of aIuminium chloride. Thk rextxon is 
modelled 02 the preparation” of benzenemanganese tricarbonyl AXS FI)_ Indeed the 
salts (IV and V; R = H or Me) are related to the latter (VI) and to the simiIarl~- 
prepared benzenecyclopentadien>-iiron salts n-11) by replacement of benzene by 
p~-rr~le r% A--meth>-Ip>irole re_Tectivel_v. 

SoMions of azaferrocene in dihxte nitric acid or in other acids to which osidking 
agents ha\-e been added cnly sIowly undergo a co!our change reminiscent of that 
undergone by ferrocene on oxidation to ferricinium salts. Less read>- osidation i_;, of 
course, in harmon>- with the prt=nce of the molecule as a positive ion in these solu- 
tiorxs. \Ve have so far failed to effect tIectrophiiic substitutions of azaferrocene. Here 
again deactivation is expected to result from salt (V) fomlation in the s>-stems studied_ 
Even the neutral mokc=Ae (II&) is probzbI>- much Ies reactive than ferrocene, to 
which it bears the same formal relation as pvridine does to benzene- 

ESPERIUEST.XL 

_uI preparations were carried out under nitrogen. _Ahunina used for chromato,Qphy 
was Spence’s Gade H, deactivated by 3-4 h exposure to the atmosphere_ Xelting 
points are uncorrected. 

Ths.z~ are summarized in Table I and follow the methods: 
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Required y. 

C H N 

12-13” 
~g_=J-6x_~0/tL=J mm 61-75 6-r 6.8 

qi.0 2.0 6.5 
e-4 3-4 6.0 
46-4 3-4 6.0 

50.6 5-6 5-4 
57-s 

$90 
7-1 

61.4 6.5 

61.4 5.0 6.5 

I. ‘T:le p_yrroIe and manganese carbonyi were reflused in ‘Ae solvent and for the 
tiar -5&d k t&e -ZSe_ The solvent was then removed itr vawu. the residue dis- 
tived ix 3.grS.n and chrornatograpkd on ahmGnz to separate unchanged carbonyl 
from ‘5~ prodwt. The latter vzas ptitied by czxta%ation from pentane (compound 
ILa). vacuum SdbLzation (Ha, Zfi. !Id. IIe, I&. 3rd) or vacuum distillation (KIe, 

Jik). 
1~“. ‘To p&x&nn sxspended =uz&r the sokent specified, a 10-20 7; excess of the 

pyrmk ‘Yas a&&d ad the mktxre u-as retiuxed until aii potassium had reacted 
(44 h”. .Utc- ~~!ing, the haiocarbon~-I was added in the second qrrantit!? uf solvent 
and the n5xture SZ_S retillxed for the specified time. The products were worked up as 
spc&d undi-_t I above_ 



MET-AL COMPLEXES OF HETEROCYCLES. I 475 

IR Spectra: The principal peaks of azaferrocene (rrra) occur at 3940 (xv]. 

3oSo (s), 1745 (1~)~ 1715 (m), 1700 (m), 1660 (m), 1640 (m), wq (m), 1356 (m), 
13*,2 (m), 1265 [m), II@ (s), xog (s), 1062 (m), 1002 (s), 855 (m), 816 (s). 

The principal peaks of tricarbonylp~molyhang~s (Ia) are compared with 
those of tricarbonylcyclopentadienylma.nganese in table 3. 
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!xnmARY 

Pyrrole and its alky1 derivatives react with manganese carbonyl giving (alkyl) 
pyrrolylmanganese tricarbonyls_ These products are also accessible from bromo- 
manganese pentacarbonyl and potassium salts of the pyrroles. The latter react 
similarly with dicarbonylcyclopentadienyli-on iodide to give azaferrocenes 

REFERESCES 

I E. O_ FISCHER ASD Ii_ C)FELE. Chcm. Bet-.. 91 (1958) 2395. 
2 E. 0. FISCHER ASD K. &ELE. 2. Xatwforsch., rqb (1959) 736; Chem. Ber., 93 (1960) 1156~ 
3 I<. K. JOSHI ASD P. L. PAUSOS. PYOG. Chem. Sot., (1962) 326; an account of ‘&e present resuks 

x\as given at the International Congress of I_U.P_A.C. at London in July 1963 (Abstracts X 
page 165, So. AB +-g)_ 

4 0. S. 1\Ix~Ls, personal communication. 
5 T. H. COFFIELD. V. SAXDEL AISD R. D. CLOSSOS. J. Am. Ck.m. Sot.. 7g (1957) $26. 

J_ Orgonwhal. Ckem., I (1964) 471-475 


