Accepted Manuscript

Organo
metallic
hemistry

s
Synthesis, Characterization and Antibacterial Activity of Some New Ferrocenyl “\6—6’ o
Selenazoles and 3, 5-Diferrocenyl-1, 2, 4-Selenadiazole 425‘
Ali Z. Al-Rubaie, Shaker A.S. Al-Jadaan, Salah K. Muslim, Eman A. Saeed, Eman T. ;
Ali, Amer K.J. Al-Hasani, Hussien N.K. Al-Salman, Sabaa. A.M. Al-Fadal P —

PII: S0022-328X(14)00471-9
DOI: 10.1016/j.jorganchem.2014.10.007
Reference: JOM 18749

To appearin:  Journal of Organometallic Chemistry

Received Date: 8 July 2014
Revised Date: 30 September 2014
Accepted Date: 4 October 2014

Please cite this article as: A.Z. Al-Rubaie, S.A.S. Al-Jadaan, S.K. Muslim, E.A. Saeed, E.T. Ali,
A.K.J. Al-Hasani, H.N.K. Al-Salman, S.A.M. Al-Fadal, Synthesis, Characterization and Antibacterial
Activity of Some New Ferrocenyl Selenazoles and 3, 5-Diferrocenyl-1, 2, 4-Selenadiazole, Journal of
Organometallic Chemistry (2014), doi: 10.1016/j.jorganchem.2014.10.007.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.jorganchem.2014.10.007

The graphical abstract synopsis

New ferrocenyl containing selenazole derivatives, ferrocenyl selenocarboxamide and 3,5-
diferrocenyl-1,2,4-selenadiazol e were prepared and characterized by several spectroscopic
techniques. The new compounds were screened as antibacterial agents against S. aureus, E. coli

and P. aeruginosa and showed promising properties.



NH;



Synthesis, Characterization and Antibacterial Activity of Some New

Ferrocenyl Selenazoles and 3, 5-Diferrocenyl-1, 2, 4-Selenadiazole

Ali Z. Al-Rubaie*!, Shaker A. S. Al-Jada&rSalah K. Muslifi, Eman A. SaeédEman T. Alf,
Amer K. J. Al-Hasarfi Hussien N. K. Al-Salmdrand Sabaa. A. M. Al-Fadal

!Department of Chemistry, College of Science, Ursitgrof Basrah, Basrah, Iraq

“Department of Chemistry, College of Pharmacy, Ursig of Basrah, Basrah, Iraq
ABSTRACT:

New ferrocenyl containing selenazole derivativesreveynthesized from reactions of aryl
selenocarboxamidei.¢. Ar-C=Se(NH); Ar= CgHs (1), 4-Br-GHs (2), 4-PhGH4 (3), 4-
CH30CgH4 (4), 4-CHSGH4 (5) , 6-MeO-naphyl §), 4-MeO-naphthyl 7), 4-GHsOCsH,4 (8),
3,4-(CH0),CeHs (9), and 3,5-(CHO),CgHs (10) ) with (2-bromoacetyl)ferrocene. The
structures of the new compounds were determineeldiyental analyses, IRH and**C NMR
and mass spectroscopic data.

Reaction of 1-cyanoferrocene with sodium hydrogdargsde (NaHSe) in methanol gave the new
ferrocenyl selenocarboxamidé&l] in 27% yield. Treatment of compourdd with a catalytic
amount of NgPdCl] gave 3,5-diferrocenyl-1,2,4-selenadiazole in 3@&d. Both compounds
were characterized elemental analyses and spegpicgechniques.

Compoundd - 10 and12 were screened as antibacterial agents agaiasteus, E. Coli and P.

aeruginosaand showed promising properties.

Keywords. ferrocenyl selenazoles, 3,5-diferrocenyl-1,2 sadiazole, (2-bromoacetyl)
ferrocene, selenocarboxamide, sodium hydrogeniselen
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1. Introduction

The interest in selenazoles has been iggpduring the last decades not only for their
importance in synthetic chemistry only but also ftreir biological properties [1].
1,3-Selenazoles were found to be of pharmacabgnportance due to their antibiotic and
cancerostatic activity [2]. Selenazole heterocyicleamely C-glycosylselenazolselenafurin),
are being studied because of its anti-bacterialiies [2a] while 2-aminoselenazoles because of
their superoxide anion-scavengers [3].

A number of synthetic routes have been developedtfe synthesis of selenium-
containing interesting heterocyclic compounds bseaof their unique reactivity [4, 5]. It is
worth noting that [1,2,3]-selenadiazole-4-yl-fereoe, di-[1,2,3]-selenadiazole-4-yl-ferrocene
and their sulfur analog were prepared from theti@acmf ketones with semicarbazones or
hydrazones [6a]. The synthesis and evaluatiorewbéenyl thiazole derivatives as anticancer
agents have been reported [6b]. On the other,Handcene and its derivatives have received
considerable attention for their biological acyMit]. Ferrocifen which is a ferrocene derivative
of tamoxifen was submitted to clinical trial as dseanti-cancer drug [8].

However, to the best of our knowledge, there isaeport described the synthesis and
evaluating biological activities of ferrocene datives that contains selenazoles or
selenadiazoles. Thus, herein we described théesistand biological activities of some new

ferrocenyl containing selenazole or selenadiazaeties.



2. Resultsand Discussion

Arylselenocarboxamides were prepared by treatménarginitriles with NaHSe in
ethanol according to a reported method [9], Sch&@m@all these compounds were obtained as
yellow or orange solids and were characterized HBjr tmelting points, IR andH NMR
spectroscopic data, which agrees well with previoreported data [9, 10].
(2-Bromoacetyl) ferrocene was prepared as a redlaen 35% vyield by treatment of ferrocene
with bromoacetyl bromide in presence of AJC3cheme 1.
Reaction of the primary aryl selenocarboxamidesh wR-bromoacetyl) ferrocene gave the
corresponding 2-diaryl-4-ferrocenyl-1,3-selenazde40) in fair to good yields (Experimental

section, Scheme 1).
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Scheme 1. Methods of preparation of compourid0.
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All 2-diaryl-4-ferrocenyl-1,3-selenazole derivatsv€l-10) are red or orange solids with sharp
melting point which are soluble in common orgaretvents. The IR spectra of all compounds
show an absorption band between1580-1630 due tov(C=N) and an absorption band in
range 595-560 cth may assigned tov(Se-C) [9,11, 12]. The characteristic frequencies
observed of the compounds10 around 3081, 1442, 1105, 830, 5 03 and 482" ane
attributed to the ferrocenyl moieties(C-H), v(C-C), v(C-H), v(C-H) and v(Fe-ring),
respectively[12,13]. Furthermore, the (C-H) vilwas for the selenazole ring in compourids
10 is observed in the region 3070-3011 Gmwhich is characteristic of heteroaromatic
compounds [13].

'H NMR spectra of compounds10 were recorded in CDghlnd gave a further support for the
formation of these compounds. Thé NMR spectra consist of, in addition to SGCH; and
OCH,CHs, low field signals of aryl protons at the rang@88.89 ppm. ThéH NMR spectra of
compoundsl-10 exhibited triplet for substituted Cp ring arourt92 and 4.78 ppm and a
singlet for unsubstituted Cp ring around 4pp8n. Furthermore, all spectra showed one
singlet signal downfield between 8.75 and 8.89 mlua to the H-selenazole ring, which agrees
well with the literature values [10].

13C NMR data are in good agreement with the formatatf these compounds. In general, the
13C NMR spectra of all compounds-10) showed the characteristic signals of the 1,3rselele
ring skeleton carbons, signals for the carbonshefrhono and unsubstituted cyclopentadienyl
rings and signals for the aryl groups. For examiie,*C spectrum of compountl shows
signals at 75.1, 69.9, 68.8 and 68.6 ppm for thebares of mono and unsubstituted

cyclopentadienyl rings, and signals at 168.3, 1638 121.2 ppm for C2, C4 and C5 for



selenazole ring, respectively. Furthermore, sigindl7.2 ppm due to SGHroup was observed.
All *C data are presented in the experimental section.

The mass spectra of compouriys2, 3, 5, 10 and 12 show the molecular ion with a
correct isotope pattern for compounds containingnsem. The base peak of each spectrum was
based on ArCN which is corresponding to the loss of FcC=CH®m. In general, the mass
spectra of these compounds show the charactefésttares of selenazole compounds and the
exact fragmentation patterns. Furthermore, fragmahtl86, 121 and 56 were observed in all
spectra due to ferrocene moiety.

The synthetic method for 3,5-diferrocenyl-1,2,4esaldiazolel?) based on the
preparation of cyanoferrocene which was treatetl WaHSe (prepareith situ) to afford the new

ferrocenyl selenocarboxamidg&l] in 27% vyield as a red solid, Scheme 2.
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Scheme 2. Methods of preparation of compouridand12.
The IR spectrum of compound4 showed the appearance of bands due tg &dymmetrical
and symmetrical stretching at 3314 and 3215'crespectively. The spectrum showed strong
band at 1623 cthdue to the deformation of N-H. Furthermore, thectrum showed intense
band at 620 cihand a medium band at 380 ¢rassigned to the C-Se stretching contribution [9,
11, 14].

'H NMR spectrum of compountl showed two broad singlet signals at 9.45 and41p8n

due to the -C(=Se)NHgroup, which agrees well with the literature valy®,14]. The spectrum



showed singlet signal at 4.18 ppm for unsubstiteteiopentadienyl ring and two triplets at 4.62
and 4.42 ppm for monosubstituted cyclopentadienyg rwith the proper intensity ratio
(Experimental Section).

Compoundll was treated with a catalytic amount of ,RdCl, to give the new 3,5-
diferrocenyl-1,2,4-selenadiazol®) as orange-red crystals in 35% vyield, Scheme he IR
spectrum of12 indicates clearly the absence WfNH,) and v(C=Se) and the appearance of
medium band at 1680 ¢hfor v(C=N) and at 515 cthcorresponding te(C-Se)[10-12].

'H NMR spectrum of compounti2 showed all the expected peaks with the propengite
ratio, see Experimental Section*’C NMR spectrum of compount? showed signals at 173.6
and 166.2 for C4 and C5 carbons of the selenadiazoy with the expected signals for the
carbons of mono and unsubstituted cyclopentadiengs, Experimental Section.

2.1 Antibacterial activity

It is worth noting that ferrocenyl thiazole derivats showed some degree of biological activity
[15]. This prompted us to evaluate the antimicrbhetivity of some synthesized compounds
(i.e. compoundd-10 and12) against different strains of bacteria.

The antimicrobial activity of tested compounds aggk. coli, S aureus andP. aeruginosa is

shown in Table 1.



Tablel
Antibacterial activity expressed as inhibition dester zone in millimeter (mm) of
compoundd-10 and12 at 40 ug/ ml.

Compounds Zone of Inhibition (mm)
S aureus E. coli P. aeruginosa

1 17 +0.33 16 +0.33 17+0.33
2 19+0.33 20+0.33 19+0.33
3 16 +0.33 15+0.33 15+0.33
4 19+0.33 20+0.33 19+0.33
5 21+0.33 23+ (B3 19+0.33
6 15+0.33 16 +0.33 13+0.33
7 16 +0.33 15+0.33 13+0.33
8 19+0.33 20+0.33 20+ 0.33
9 18 +0.33 19+0.33 18 +0.33
10 20+0.33 18+ 0.33 17+0.33
12 19+0.33 21+0.33 20+0.33

Chloramphenicol 35+0.01 33+ 0.00 32+0.33

All the values are expressed as men + SEM trigicat

From Table 1, it can be concluded that all the coumpls have displayed some activity against
bacteria. Compoun8 is highly active againgk. coli which may due to the combined activity of
sulfur and selenium in this compound. Compo8ralso showed good activity toward the three
bacteria. This increase in activity may due to @neg of ethoxy groups in this compound.
Compounds3, 6 and7 showed minimum activity against all strains. Timay be attributed to the
presence of a bulky naphthyl and phenyl groupsclimakes slow diffusion through the cell
membrane. In general, the antibacterial study shesme promising results compare to the
standard drug, Table 1.

The minimum inhibitory concentration (MIC) value$ the studied compounds against these
bacteria are reported in Table 2. Compo&rfliC = 0.5ug/ ml) was found to have a very good
activity against. coli when compared with chloramphenicol and good dgtagainstS. aureus

andP. aeruginosa.



Table2

Antibacterial activity (MICug/ ml) of compound4 - 10 and12

Compounds S aureus E. coli P. aeruginosa

1 20 5 5
2 30 5 5
3 30 20 20
4 10 5 5
5 5 0.5 5
6 30 30 20
7 30 20 30
8 20 10 10
9 10 10 10
10 10 10 5
12 10 5 5

Chloramphenicol 0.1 0.1 0.1

Compoundd, 2, 4 and12 were found to be equally potent to agalastoli andP. aeruginosa.

In general, compoundk-10 and12 showed some promising activity against the grooftthe
tested bacterial strains. In comparing the bigklgactivity of these newly synthesized with
those previously reported data on ferrocene devest[16-18], we may conclude that the
combination of ferrocene and selenazoles/seleral@isiis favourable for the biological activity.
3. Conclusion

In conclusion, the objective of the present workswa synthesize some novel ferrocene
derivatives containing selenazole moieties andnine 3,5-diferrocenyl-1,2,4-selenadiazole in
hope of discovering new compounds as antimicradgehts. Some of these compounds showed
potential biological activity against differentaitns of bacteria.

4. Experimental

4.1 Physical measurements

All melting points were determined on a Gallenkamgplting point apparatus and are

uncorrected. Th&H and**C NMR spectra were measured on a Bruker Ultra-R@@tsometer in
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CDCl; solution with TMS as internal standard. Elementalyses were determined on an MT-3
elemental analyzer within £5 % of the theoreticalues. Mass spectra were recorded on a HP-

598 8A MS instrument at 70 eV.

4.2. Synthesis

All materials were obtained from Sigma-Atdriand solvents were purified and dried prior
to use according to conventional methods. All reastwere carried out under nitrogen
atmosphere and monitored by TLC using aluminiurmkbdcplates coated with silica gel
(Merck Kieselgel 60 F254). Acetyl ferrocene [18Ha2-bromoacetyl) ferrocene [20,24kre
prepared by literature methods.

Phenylselenocarboxamide, 4-bromophenylseleno-carbme, 4-phenylphenylselenocarbox-
amide, 4-methoxyphenylselenocarboxamide, 4-metioyittenylselenocarboxamide, 6-
methoxynaphthyl-1-selenocarboxamide, 4-methoxyrigptat-selenocarboxamide, 4-
ethoxyphenylselenocarboxamide, 3,4-dimethoxyphetsteocarboxamide and 3,5-
dimethoxyphenyl-3,5-selenocarboxamide were prepacedrding to a literature method [10].
All compounds were characterized by their meltioqfs, IR andH NMR spectroscopic data.
1-Cyanoferrocene was prepared by a literature ndef@®, 23] as golden-yellow plates in 28%
yield, m.p: 105-107°C (Lit. [19] 106-16€; Lit[23] 106.4-106.7C). IR (KBr disc): 3050, 2980,
2252, 1600, 1450, 870 ¢m
2-Ary-4-ferrocenyl-1,3-selenazoles were prepareunfithe reaction of the corresponding aryl
selenocarboxames with (2-bromoacetyl)ferrocenthéyollowing procedure:

A solution of (2-bromoacetyl)ferrocene (10 oinin of ethanol (10 mL) was added
dropwise to a hot solution of aryl selenocarboxanidl0 mmol) in ethanol (20 mL). The
reaction mixture was refluxed for 60 min (the eridh@ reaction was monitored by TLC). The

mixture is then concentrated by a rotary evaporatwt the residue neutralized with dilute



aqueous ammonia solution (10%). The precipitate adeggosited, collected by filtration and then
washed several times with cold ethanol. Recrygttithn from ethanol gave the corresponding
2-ary-4-ferrocenyl-1,3-selenazoles in fair to ggoelds.

4.2.1. 2-Phenyl-4-ferrocenyl-1,3-selenazole (1).

Yield: 66%, mp. 119-12C.

Anal. Calc. for GgHisFeNSe: C, 58.20; H, 3.86; N, 3.57. Found: C, 58:4,23.91; N, 3.35.
'"H-NMR(300 MHz,CDC},5/ ppm): 8.75(s, 1H, selnazole), 7,87(m,2H, Ax-7.47(m, 3H, Ar-
H), 4.64(t, 2H,J=1.82Hz, Cp), 4.36(t, 2HI=1.83Hz, Cp), 4.06(s, 5H, Cp).

¥C-NMR (75 MHz, CDCJ, &/ ppm): 165.1, 160.3, 131.5, 123.6, 115.3, 78122,768.6.

MS: m/z: 392(M).

4.2.2. 2-(4-bromophenyl)-4-ferrocenyl-1,3-selenazole (2).

Yield: 55%. Mp. 146-14%.

Anal. Calc. for GgH14BrFeNSe: C, 48.45; H, 3.00; N, 2.97. Found: C, @82 3.11; N, 3.05.
'H-NMR(300 MHz,CDC},8/ ppm): 8.82(s, 1H, selnazole), 7,97(d, 24,7,8Hz, ArH), 7.65(d,
2H, J= 7.65Hz, ArH), 4.60(t, 2H,J=1.82Hz, Cp), 4.30(t, 2H=1.83Hz, Cp), 4.03(s, 5H, Cp).
13C-NMR (75 MHz, CDC},  / ppm): 169.1, 163.6, 131.7, 131.4, 129.8, 12815], 70.2, 69.7,
58.1. MS: m/z: 470/472/544(\

4.2.3. 2-(4-phenyphenyl)-4-ferrocenyl-1,3-selenazole (3).

Yield: 61%, mp. 181-18Z.

Anal. Calc. for GsHigFeNSe: C, 64.13; H, 4.09; N, 2.99. Found: C, 64:233.95; N, 2.87.
'H-NMR(300 MHz,CDC},5/ ppm): 8.79(s, 1H, selnazole), 8.07(d,2H,7,5Hz, ArH), 7.84(d,
2H, J= 7.85Hz, ArH), 7.64(m,2H, ArH), 7.37-7,47(m, 3H, AH), 4.65(t, 2H,J=1.84Hz, Cp),

4.32(t, 2H,J=1.82Hz, Cp), 4.11(s, 5H, Cp).

10



13C-NMR (75 MHz, CDC4, § / ppm): 165.3, 159.7, 144.2, 140.8, 131.3, 12978.0, 127.9,
127.6, 129.4, 81.5, 70,5, 69.6, 67.9.

MS: m/z: 468(M).

4.2.4. 2-(4-(Methoxy)phenyl)-4-ferrocenyl-1,3-selenazole (4)

Yield: 72%, mp. 215-21C.

Anal. Calc. for GoH17FeNOSe: C, 56.90; H, 4.06; N, 3.32. Found: C, 54£2.96; N, 3.35.
'H-NMR(300 MHz,CDC},5/ ppm): 8.80(s, 1H, selnazole), 7.77(d,2H,7.6Hz, ArH), 7.01(d,
2H, J= 7.74Hz, ArH), 4.65(t, 2H J=1.82Hz, Cp), 4.32(t, 2HJ=1.83Hz, Cp), 4.27(s, 3H,
OCHg), 4.02(s, 5H, Cp).

3C-NMR (75 MHz, CDC}, 5 / ppm): 168.3, 163.9, 162.8, 130.2, 123.8, 118147, 81.7, 73.3,
69.7, 67.8, 55.2.

4.2.5. 2-(4-(Methylthio)phenyl)-4-ferrocenyl-1,3-selenazole (5)

Yield: 58%, mp. 175-17TC.

Anal. Calc. for GogH1/FeNSSe: C, 54.82; H, 3.91; N, 3.20. Found: C, 5447%.86; N, 3.35.
'H-NMR(300 MHz,CDC},8/ ppm): 8.79(s, 1H, selnazole), 7.77(d, 28 7, 6Hz, ArH),
7.42(d, 2HJ= 7.85Hz, ArH), 4.73(t, 2H,J=1.81Hz, Cp), 4.36(t, 2H, J=1.85Hz, Cp), 4.11(s, 5H
Cp), 2.57(s, 3H, SCH).

13C-NMR (75 MHz, CDC}, § / ppm): 168.6, 163.8, 141.5, 128.8, 129.0, 12621,.2, 75.1, 69.9,
68.8, 68.6, 17.2.

MS: m/z: 438(M).

4.2.6. 2-(6-Methoxy-2-naphthyl)-4-ferrocenyl-1,3-selenazole (6)

Yield: 43%, mp. 107-10€.

Anal. Calc. for GsH1oFeNOSe: C, 61.04; H, 4.06; N, 2.97. Found: C, 60:78.94; N, 3.12.
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'"H-NMR(300 MHz,CDC}4,5/ ppm): 8.75(s, 1H, selnazole), 8.26(s,1H, H)-7.81-7.97(m, 2H,
Ar-H), 7.56(d,1HJ=7.5Hz, Ar-H), 7.2(d,1HJ= 1.5Hz, Ar-H). 6.84(dd, 1HJ=1.6Hz,J=7.76Hz,
Ar-H), 4.71(t, 2H,J=1.81Hz, Cp), 4.37(t, 2H}=1.85Hz, Cp), 4.27(s, 3H, OGH 4.12(s, 5H,
Cp).

¥C-NMR (75 MHz, CDC}4, 5 / ppm): 165.6, 160.1, 157.2, 141.8, 129.9, 1298).3, 127.4,
127.0, 126.2, 119.6, 118.8, 106.9, 78.9, 72.1,,68¥ %, 56.7.

3.2.7. 2-(4-Methoxy-1-naphthyl)-4-ferrocenyl-1,3-selenazole (7)

Yield: 37%, mp. 91-9%.

Anal. Calc. for GsH1gFeNOSe: C, 61.04; H, 4.06; N, 2.97. Found: C, 60:8%.97; N, 2.87.
'H-NMR(300 MHz,CDC},8/ ppm): 8.81(s, 1H, selnazole), 7.81(d,2H4, 7.6Hz, ArH), 7.58-
7.73 (m, 2H, ArH), 7.24-7.38(m, 2H, Ar-H), 7.04(d,18= 7.8Hz, Ar-H). 4.71(t, 2HJ=1.81Hz,
Cp), 4.41(t, 2H,J=1.85Hz, Cp), 4.27(s, 3H, OGH 4.00(s, 5H, Cp).

13C-NMR (75 MHz, CDC}4, & / ppm): 167.4, 160.4, 157.1, 135.2, 127.6, 12625.4, 125.0,
123.5, 122.6, 119.4, 118.9, 104.6, 81.4, 78.4,,6882, 56.2.

4.2.8. 2-(4-Ethoxyphenyl)-4-ferrocenyl-1,3-selenazole (8)

Yield: 62%, mp. 126-12€.

Anal. Calc. for GiH1gFeNOSe: C, 57.82; H, 4.39; N, 2.21. Found: C, 5488.97; N, 2.14.
'H-NMR(300 MHz,CDC4,3/ ppm): 8.82(s, 1H, selenazole), 7.77(d, 24, 7.82Hz, Ar-H),
7.24(d, 2H,J= 1.7Hz, Ar-H), 4.83(q, 2H, C}), 4.72(m, 2H, Cp), 4.38(m, 2H, Cp), 4.10(s, 5H,
Cp), 1.89(t, 3H, Ch).

¥C-NMR (75 MHz, CDC}, & / ppm): 167.6, 161.5, 159.7, 129.6, 121.5, 11915,2, 78.4, 69.6,
58.7, 66.9, 65.4, 15.1.

MS: m/z: 436(M).
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4.2.9. 2-(3,4-Dimethoxyphenyl)- 4-ferrocenyl-1,3-selenazole (9)

Yield: 51%, mp. 141-14%.

Anal. Calc. for GiH1gFeNQ:Se: C, 55.78; H, 4.24; N, 3.10. Found: C, 55.583198; N, 3.12.
'"H-NMR(300 MHz,CDC}4,8/ ppm): 8.65(s, 1H, selenazole), 7.31(s, 1H, Ar-HB4(d, 1H, J=
1.86Hz, Ar-H), 6.91(d, 1HJ= 8.21Hz, Ar-H), 4.73(t, 2HJ= 1.84Hz, Cp), 4.54(t, 2H)=
1.83Hz, Cp), 4.27(s, 3H, OGH 4.26(s, 3H, OCH), 4.21(s, 5H, Cp).

4.2.10. 2-(3,5-Dimethoxyphenyl)-4-ferrocenyl-1,3-selenazole (10)

Yield: 57%, mp. 158-161.

Anal. Calc. for GiHigFeNQ:Se: C, 55.78; H, 4.24; N, 3.10. Found: C, 55.574H5; N, 3.04.
'"H-NMR(300 MHz,CDC}4,8/ ppm): 8.89(s, 1H, selenazole), 6.98(s, 2H, Ar&i55(s, 1H, Ar-
H), 4.66(t, 2H,J= 1.83Hz, Cp), 4.33(t, 2H)= 1.78Hz, Cp), 4.31(s, 3H, OGH 4.27(s, 3H,
OCH), 4.22(s, 5H, Cp).

MS: m/z: 452(M).

4.2.11. Ferrocenyl selenocarboxamide (11)

Sodium borohydride (1.02g, 27 mmol)was added drepwaver 30 min to a suspension
of selenium powder(1.98g, 25mmol) in dry ethand) (BL) under nitrogen atmosphere while
hydrogen evolved vigorously. The resulting solatstirred for additional 30 min. Pyridine
(4.2mL, 50 mmol) and 1-cyanoferrocene (2.74g; 13amMmwere added to the resulting solution
at room temperature. The solution was heated wedex while hydrochloric acid (20 mL, 2M)
was added dropwise over 2h. The solution was refiuior 30 min then filtered hot. The filtrate
was cooled to room temperature. Crushed ice wdgdath small portions with continuous
stirring until the precipitation of ferrocenyl selecarboxamide was completed. The red

precipitate was recrystallized from benzene to giv@range solid in 27% yield, mp. 121-123
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Anal Cacld. for GiH11NFeSe: C,45.24, H, 3.89, N, 4.80. Found: C, 453d412.05, N, 4.68.
H-NMR (300 MHz,CDC},8/ ppm): 4.62(t,J =1.82Hz, 2H, Cp), 4.42(t) =1.84Hz, 2H, Cp),
4.18(s, 5H, Cp), 9.45(sb, 1H, NH), 10.34(sb, 1H)N
3.212. 3,5-Diferrocenyl-1,2,4- selenadiazole (12)

To a solution of ferrocenyl selenocarboxamide (@;3 mmol) in acetone (20 mL) an
aqueous solution of NBACl (0.2mg; 1x1d mmol) was added. The solution wasesi
at room temperature for 6 h. The resulting solutieas filtered and the filtrate evaporated at
room temperature to give 3,5-diferrocenyl-1,2,4satliazole as a yellow-orange solid in 35%
yield, mp. 111-11%C.
Anal. Calc. for GoHigFeN,Se: C, 52.74; H, 3.62; N, 5.59; Found: C, 52.83.58; N,5.36.
H-NMR(300 MHz,CDC4,5/ ppm): 4.73(t,d =1.82Hz, 2H, Cp), 4.62(t) =1.8Hz, 2H, Cp),
4.42(t, J=1.84 Hz, 2H, Cp), 4.33 (§,= 1.82Hz, 2H, Cp), 4.11(s, 5H, Cp), 4.08 (s, FEh).
13C-NMR(75MHz,CDC},5/ppm):173.6(C-Fc),166.2(C-Fc), 84.25(Cp), 72.72(CiL.31(Cp),
69.42(Cp).

4.3. Antibacterial activity

Compounds 10 and12 were screened for their antibacterial activityvitio following
the protocol described previously [24]. The artibaal effect was assayed against Gram
positive bacteria viz.S aureus and Gram negative. coli andP. aeruginosa by the agar well
diffusion method. The compounds were dissolved MiFat different concentrations of 0.1, 0.5,
5, 10, 20, 30, 40, 50, 80 and 100 pug/ ml. Muelletéh-agar plates were prepared and inoculum
size for test strain was adjusted t& ©FU/ ml (colony forming unit per milliliter) by coparing
the turbidity. Wells (9 mm) were made in the agatri dishes. DMF was used as the negative

control. The plates were incubated af@®or 24 h. Zone of inhibition of bacterial growth
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around each well was measured in mm. The result® wempared with the activity of
chloramphenicol identical concentrations. The expent was performed three times to
minimize the errors. The minimum inhibitory conaatibn (MIC), defined as the lowest
concentration of the test compound, which inhilthies visible growth, was determined visually

after incubation for 24 h at 32.
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Table 1. Antibacterial activity expressed asliion diameter zone in
millimeter (mm) of compoundislO and12 at 40 ug mL.

Compounds Zone of Inhibition (mm)
S aureus E. coli P. aeruginosa

1 17 +0.33 16 +0.33 17 +0.33

2 19+0.33 20+0.33 19+0.33

3 16 +0.33 15+0.33 15+0.33

4 19+0.33 20+0.33 19+0.33

5 21+0.33 23+ (B3 19+0.33

6 15+0.33 16 +0.33 13+0.33

7 16 +0.33 15+0.33 13+0.33

8 19+0.33 20+0.33 20+ 0.33

9 18+0.33 19+0.33 18 +0.33

10 20+0.33 18+ 0.33 17+0.33

12 19+0.33 21+0.33 20+0.33
Chloramphenicol 35+0.01 33+ 0.00 32+0.33

All the values are expressed as men + SEM trigicat



Table 2. Antibacteria activity (MIC pg mL™) of compounds 1 - 10 and 12

MIC ug mL™
Compounds Saureus E.Coli  P.aeruginosa
1 20 5 S
2 30 5 S
4 10 5 S
5 5 0.5 S)
6 30 30 20
3 20 10 10
9 10 10 10
10 10 10 5
12 10 5 5

Chloramphenicol 0.1 0.1 0.1
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A new series of novel ferrocene derivatives contai ning selenazole-moiety were
synthesized.

Ferrocenyl selenocarboxamide and 3,5-diferrocenyl-1,2,4-sel enadiazol e were
synthesized.

The new compounds showed potential biologica activity against S. aureu, E. coli and P.
aeruginosa strains.



