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Preliminary communication

1,1'-Ferrocenyldiacetic Acid Anhydride and its Use in the
Preparation of Heteroannularly Substituted Ferrocenyl-

-penicillins and -cephalosporins.
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Summary
1'l,-Ferrocenediacetic acid anhydride has been prepared

and it has been shown to be useful in the preparation of
new heteroannularly substituted ferrocenyl-penicillins
and —cephalcsporins; these compounds exhibit antibiotic

activity.

As part of a study of ferrocene molecules that possessed
pharmacological activity [1,2] we required a simple route to
 heteroannularly substituted ferrocenyl-penicillins and
—cephalosporiﬁs. The reaction of heteroannularly bridged

ferrdcenyl—acid anhydrides with 6-aminopenicillanic acid or

* To whom co?respondence should bé addressed.



) (e) T HNITHOS L SR Amv

S _ HO |
e g g, _ ‘ N0 \
7 HoB(uddo o - uamoH @ o ud’momwo’o O ,

no.umo,wmu %%y :  Hooo®Ho O

%z
-~ Tv-pat (1 | . _
DT | (2) : (D

SHNCHOUG

e ud :
S ,nmm:on_uw,m -+ ugoon @ 00%Ho
o ud |

/

a4 + ag < TEORUd

/O\
°
=

- aadi000%H xa33000°%H 0 1o

- VOV=L (g
10(0)00%4 (2
2 Corg-vav-9 (

N 00 x , 4
- i 0 NEaa/vov-2

...r _ :: :v

,.., m\

N2
HNOO®HD (N
o gaoo 1°00°%n
.az ou

NI - @W020%1) 0 | ,
L e Ng” M h
o _*zoommo@ s & 8 ¢ @

(9)

>C5o-

HNOO“H o HINOD “HO



;é;éﬁinbcébh;iééﬁprﬁﬁiq'séemed tp béﬁthetideal roﬁtevto these
.;ﬁoiécﬁléslsj.x._Howéﬁef, fgffoéenjl—écid anhydrides of this type
Lﬁéﬁe nbt_beéhirepbrtédldéépite[thé‘QXfénsive chemistry of the
;ifér;dcenophane3[4]. ' '

‘Attempts to effect the intrarmolecular cyclization of
1;1'-ferrocenedicarboxylic acid were unéuccessful and it may be
significant that oniy therintermolecular dimer has been
reported previously [5]. lHowever, the treatment of
1,1'—ferrocénediacetic acid with dicyclohexylcarbodiimide
in'dichloromethéne at room temberature gave the acid anhydride
(1) in good yield (64%). The ferrocene derivative (1)
behaved as a typical acid anhydride. Reduction with
bis(é-methoxyethoxy)aluminium hydride (Red-al) gave
1,1'-bis(hydroxyethyl)ferrocene. Treatment of the anhydride
with phenylmagnesium»bromide followed by hydrolysis gave a
mixture of carboxylic acids which could not be separated.

The acids were chafactérised by reduction with Red-al to
give two ferrbcenyl—alcohols (3 and 4) (Scheme 1) which were
separated by column chromatography on alumina. The tertiary
alcohol (4) was formed presumably by reaction of the inter-
mediatevketone (2) with excéss Grignard reagent.

Treatment of the anhydride (1) with benzylamine gave
the ferrocénylmethyl—amide (5) in good yield (64%). This
>ring opéning reaction with an amine was utilized in the
breparation of'ierrOCenyl—penicilliné and cephalosporins.

The reaction of the anhydride (1) with 6-aminopenicillanic
acid (6—APA) énd,74ahinocephalosporanic acid (7-ACA) in the
bresence'of'tri:thylaminé gave the ferrocenyl-penicillin (6;R=H)

‘and thé ferroéenyl—cephalosporin (7;R=H) respectively.



,_Lhe ferrocenyl—pen1c1111n (6 R—H) and cephalosporin 7 R—H) ,"

-were 1solated as the d1sod1um salts after treatment w1th
sodlum 2—ethy1—hexanoate., Lhe 1nfrared spectra of the
sodlum salts (6 R—Na) and (7; R—Na) exhlblted strong absorptlons
characterlstlc 01 a B-lactam ring, at 1765 cm‘l And 1760 ‘cm ;,
and a secondary amlde carbonyl. group, at 1660 cm™ -1 and 1665 cm‘l
respectlvely., : ' ' v '
» Pegicillins'and.cephalosporins both behavefasvantibiotics;
but as a_gehefallrule the penicillins are hydro1ysed more; S
readily under acid conditions and are more suscebtible to
attackrby:B—lactamases than oephalosporins; »’The combination
of the penic¢illin and cephalosborinvmoieties ﬁithin the same
‘molecule is potentiaily very useful ih the design of entier
biotics which can be used under a wide variety of conditioﬁs
against a range of bacteria{6]. 'The‘attachment of.both:the
penicillin and cephalosporin nuclei to ferrocene was echieved
via the anhydride (1). Treatment of the anhyd;ide,(l),with
G—APA trimethylsilylester followe&—bj ethylchlotoformate,
formed‘ the activated ester; end then.7;ACA gave 1—(6—acet2mido¥
—pen1c111an1c ac1d)-1 (7—acetamldocephalosporanlc ac1d)ferrorene
(Scheme 1)[6]which was 1solated as the disodium salt (8).

" The ferrocene derivatives‘(G and 7'R=Ns) and'(8) all
exhlblted antlblotlc act1v1ty agalnst varlous stralns of

Staphylococcus aureus. . Further work is in progress Wluh

other acld anhydrldes to explore the general appllcabillty of
this route to the synthes1s of new penlclllins and cephalosporlns
-Allﬂnew compounds exhlblted the requlslte analytical-and_spect;al
propertles and they were shown to be pure by th1n layerr _> -

chromatography.



C53

:ﬁéfe}énées

-iii.;E;i.EdWards, R.Epton and G.Marr, J.Organometal.Chen.,

107(1976)3sL. A

2, "R.Epton, G:Marr and G;K.Rdgers, J.Organometal.Che:.,
110(1976)C42. 4

3. Y.G.Perron, ¥.F.Minor, L.B.Crast and L.C.Cheney,
J.0Org.Chem., 26(1961)3365.

4. W.E.Watts, Organometal.Chem.Rev., 2(1967)231.

S. A.N;Nesmeyanov aﬁd O.A.Reutov, Doklady Akad. Nauk SSSR,
120(3958)1267.

6. D.J.Perella and J.E.Dolfini, U.S.Pat., 3,882,100, 1975,

May 6; Chem.Abstr., 83, (1975)147490.



