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ABSTRACT

Tte 1 :1:1 copper(ll)-2, 2"-bipyridyl (bipy)-a-amino acids {glycine (gly), a-alanine (ala)
and f-ptrenylalanine (pfe)j complexes Fave been prepared and isolated by ¢} romatograpfy and
characterised by IR spectral studies and other methods. Tt e biological activities of these complexes
have been compared with the activities ¢f copper(Il) chloride, bipy, HC] and t e binary complexes
of copper(X) with b.py, gly and ala against different m-cro-organisms varying from gram-positive
(Streprococcus pyogenes), gram-negative (Escherichia coli and Proteus vilgaris) to fungy (Aspergillus
tamaiii and Penicillium freguentum) and protozca (Euglena and Paramecium species). Tre growth
inhibition activity of ternary complexes has been found to be Pigher or comparable to other test
compounds on gram-negative bacteria and protozoa and no inhibjtory activity Fas been observed

against gram-positive bacterja and fungi.

INTRODUCTION

HE bacteriostat ¢ activities of 1, [0-pyenanthreline
and 2, 2’-bipyridyl (bipy} bases, their guaternary
salts and metal complexes of ident.cal or mixed ligands
have been compared on gram-positive, gram-negative
and acid fast organisms'. Dutta and De? reported
the isolation of b'ue ternary complexes of copper(l])
with bipy and glycine (gly)/e-alanine (ala) by crystal-
Lisation contaminated with shining green complex;
Fowever, in the present communicat.on tke prepa-
ration and isolation of termary complexes of copper(ll)
with bipy and gly/ala;f-p* enylalanine (pte) by column
chromatograpty in pure stats bave been reported.
Tlrese ternary complexes have been jsolated to sub-
stantjate tre results of pH-metric studics® and to test
their biological activily against micro-organisms rangng
from gram-positive (Streprococcus pyogenes), gram-
negative (Escherichia coli and Proteus vulgaris) to fungi
(Aspergillus tamarii and Penicillimn frequentun) and
protozoa (Euglena and Paramecium Species).

EXPERIMENTAL

Copper(ll) chloride, 2,2-bipyridyl HCl and e-
amino ac:d (glycine, g-alanine or f-phenylalanine) in
doubly distilicd water were mixed in equimolar propor-
tions. The mixture was neutralised with ¢-1 M KOH
solution and t! e final pH of the solution was adjusted
to ~ 7°5. The blue crystals were isolated fiom the

gl sl

* For correspondence,

concentrated solution by ¢vaporating at room tempe-
rature, which were tren disscived in tre minimum
quantity of MeOH and chromatograpted over neutral
AL O, with MeOH : Me,CO {3 : 1) and water respec-
tively.

I :1 21 Copper(ll)-2,2"-bipyridyi-a-amino acid mixed
Ligand complexes

Tre MeOH:; Me,CO (3 :1) elutions furmished blue
crystalline product which was dissolved in MeOH
and a blue amorphous solid was obtained by adding
excess of ether, and the compound was dried in
vacuum over anh, CaCl,., The elemental analysis and
otter data are given in Table 1.

1:1

The water fractions gave green crystalline solid
wnich was rectystallised from water and identified
as copper(lf)-2,2-bipyridyl complex associated with
chloride j0ns.

The 1 :2 binary complexes of bipy, gly and ala
with copper(Il) were prepared in the usual manner,

Copper({l) 2,2°-bipyridyl complex

Preparation of test solutions

Stock solutions of  copper(IDchloride, 2,2-
bipyridyl . HC], bis(2,2"-bipyridyl) copper(l)
chloride, bis(glycinato) copper(ll), bis(a-alaninato)
copper(ll), glycinato (2,2 -bipyridyl)  copper(ll)
chloride, a-alaninato (2, 2-bipyridyi) copper(II) chloride
and  f-phenylalaninato  (2,2-bipyridyl) copper(ll)
chloride were prepared. The copper(ll) chloride solu-
tion was standardized by titrating against standard
EDTA.
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TABLE 1
Elemental analysis and other data of copper(Il)-2,2'-bipyridyl-a-amine acid complexes
Compounds Ceolour M.Ps* C H Cl N Cu
obs. cal, obs. cal, obs, cal, obs. cal. obs, cal,
(A) blue d227-228° 43-6% 43-77 335 364 10-64 10:79 12-69 12:86 19-54 19-30
(B) blue  d230-231° 45-29 45'47 3-98 4-07 1013 10-25 1212 12-24 1847 13-5I
(O) blue d235° 54:19 54-40 4-19 4-29 8-28 847 991 10-02 15-30 1515
* d = decomposition before meﬂin-gT_ S .
TasLE II

Preparation of media

The biological experiments were performed in solid
agar media for the bacteria and fungi, The standard
milk agar, the violet red bile salt agar and potato
dextrose agar were prepared to study the bjological

activity of the abovementioned compounds on
S. pyogenes and P, vulgaris, E, coli and fungi
(A4, tamarii and P, frequentum) respectively. To

obtain the isolated species, Euglena and Paramecinm
were allowed to multiply in artificial media,

The experiments on bacteria and fungi were carried
out in aseptic conditions using dis¢c method. All the
agar dishes were incubated at 37° C for bacteria and
at 28° C for fungi for 48 hrs. After incubation, the
growth of the microorganisms was measured. The
observations have been recorded in Table III, Fuglenae
and Paramecia were treated with test solution of diffe-
rent concentrations for different periods and the
observations are recorded in Table 1V,

RESULTS AND DISCUSSION

The ternary complexes of copper(Il} with 2,2
bipyridyl and glycine/e-alaninef/S-phenylalanine are
characterized by their colour, solubility, melting points,
elemental analysis and IR spectral studies, All the
complexes are blue solids, soluble in polar colvents
(H,;O, MeOH, EtOH) and decompose belfore melting
at 227-228°, 230-231° and 235° C respectively.

The elemental analysis of these ternary somplexes
are in good agreement with the mclecular formula :
CuC,; H,,CINO;, CuC,H4CINyO; and CuC,Hg
CIN,O, expected {or glycinato (2,2°-bipyridyl) copper(il)
chloride (A), e-alanmnato (2,2°-bipyridy!) copper{il)
chloride (B) and A-phenylalaninato (2,2"-bipyridyl)
2opper() chloride (C) respectively as reworded in
Table 1.

The important absorption peaks in the infrared
spectra of these compleaes are [isted in Table 10 Tle

Characteristic IR data of copper(II)-2, %'-bipyridyl-
a-amino acid complexes

—— ——

(A) (B) (C) Assignments
3430, 3270~ 3450- 3450- N-H stretching
3210 3350, 3320
3230-
3200

1640 1630 1602 C == O stretching
528 550 480 M-N stretching

418 . 415 M-O stretchnig
775,732 775,730 768, 730 Characteristic bands

of

ring

2,2"-bipyridyl

Compounds (A), (BS and (C) are the t;.rrnary conme
plexes in Tables I and Ii.

formation of metal-nitrogen and metal-carboxyla ¢
bonding in the complexes is indicated =7 by the lowering
of tte N-H and C .- O stretching vibratons, Tle
metal-nitrogen (M-N) and metal-oaygen  (M-0O)
stretching  vibrations have been obsenned® below
$SOcnvd. The two streng peaks abwenvod®™ at 770
and 730 co? characterise the 2,2-bipyndyl 1ing,

The biological activity of copper(ll} ¢} lor.de,
bipyridyl . HCL, their binary and termary o elates
with a-aimuno acids and binary ¢! clates of <oppe(dl)
with glyane and w-alampe on gram-positne (3. pho-
genes), gran-negative (£, cofi and P vufgarn) mudros
organisms, fungi (A, tamar il and P, frequenumi) and
protozoa (Luelena und Paramedium speaies) has  beent
rgcotded v Tables UL and 1V respuctinely,

N
'lr-pill-
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TABLE 111

Biological a-tivity of copper(Il) chloride, 2,2 <bipyridityl HCI, binary and ternaty complexes with the base and
a-amino acids on bacteria and fungi

Compounds Molar S. pyogenes E. coli P. vulgaris A. 1tamarii P. frequentum

Nog ¥** cone, M

1 0-04
0-004
0-0004
0-00004

l
|

X X X X
X
X
i
|

+ (4dmm)* 4+ (Tmm)* x4+ Bmm)** X +(10mm)** X

-2

g:04

0- 004
0- 0004
0-00004

[ —— il

X X X |
l

—

3 0-04 — + (Gmm)* + (14mm)* — 4+ (12mm)**
0- 004 % (10mm) — — —
0- 0004 % (1 5mm) — — —
0- 00004 X (12mm) — —

4 0-04
0-004
0-0004
0- 00004

X X A |
1
|

d 0'04
0-004
0-0004
0- 00004

X X X |
|
|
I

6 0-04 + dmm)*x 4+ (10mm)** — X

0-004
0- 0004
0- 00004

X X X
|
|
|

7 0-04 — 4+ Gmm)* x4+ (I12mm)** — X
0004
0- 0004 X - — — —_
0-00004 X - —

8 0-04 — 4+ (Smm)* x4+ (13mm)* — —
0-004
0- 0004
0- 00004 X — —

|

[—— l—

X

+ growth inkibition ¥ = growth inhibition zone
** = jncomplete growth inhibition zone. X = growth stimulation.

~ = nezither inhibition nor stimulation in growth,

**» 1, Copper(Il} chloride. 2.2, 2%-bipyridyl . HCl, 3. bis (2,2"-bipyridyl) copper(ll) chloride. 4. bis
(glycinato) copper(Il). 5. bis (e¢-alaninato) copper(Il). 6. glycinato (2,2°-bipyridy!) copperl) chloride,
7. a-alaninato (2,2’-bipyridyl) copper(Il) chloride, 8. f-phenylalaninato (2,2-bipyridyl) copper@@) chloride,
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TABLE IV
Biological activity of copper(ll) chloride, 2,2-bipyridyl
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HC!l, binary and ternary copper(ll) complexes
with the base and a-amino acids on protozoa

Compound Molar  Time** to killthe protozoa
Nos.* cong, - s
M Euglena  Pgramecium

1 0:01 15 m I5m
0-004 15 m 15 m
0-002 ih 30 m

0-001 24 h 24 h

2 0-01 30m 15 m
0- 004 1h 1h

Q-002 24 h 24 h

0+ 001 24 h 24 h

3 0-0l 30m ISm
0-004 1h 30 m

Q-002 24 h 24 h

0-001 24 h 24 h

4 0-01 30 m 30 m
0-004 1h 1h

0-002 241 24h

0-001 24 h 24 h

3 0-01 30 m 30 m
0-004 1h 1h

0- 002 24 h 24 h

0-001 24 h 24 h

6 0-01 30m 15m
0-004 30 m 3D m

0-002 24 1 24 h

0-001 24 b 24 h

7 0-01 3I0m 15 m
0-004 1h 30 m

0-002 24 h 24 h

0:001 24 h 24 h

8 0-01 1Sm 15m
0-004 30 m 15 m

0- 002 1h 1h

0-001 24 h 24 h

dpenle—

el S

* Name and order of the compounds are as mentioned

in Table III.

** m = minutes, h = hours.

Note . In active protozoa, free from test compounds,
after keeping in fresh nutrient medium for twenty-four

hours were found to be dead,

The activities of these compounds reveal that eas h
class of these compounds shows the highest inhibitory
activity against gram-negative organisms. The ETAN i
Positive organ'sm has been found to be res.stant
towards all the compounds. All the compounds
More or less, stimulate the growth of §. pyogenes a;
0-004 M or lower toneentrations. The growth stirmu-
lating actjon among 2,2-bipyridyl . H('] and its
copper(Il) derivatives against S. pyogenes has been
found to be more pronounced specially that of bis
fZ,Z'-bipyridyl) copper(ll) chioride, Tke trend of
growth inhibition has been observed in case of mixed
ligand derivatives against £, coli and incomplete jnhi-
bition is clearly shown by these complexes in the case
of P.vulgaris. The binary complex of 2,2%-bipyridy]
indicates large inhibition among all the test compounds
against P, vulgaris at 0:-04 M concentration and 2,2'-
bipyridyl . HCI at the same concentration against the
same organism shows a clear zone of inhibition
followed by growth stimulation, Fowever, against
E. coli only a small inhibition zone has been observed
The comparative study of activity of these compounds
shows that except [-phenylalaninato  (2,2"-bipyridyl)
copper(Il) chloride, all the mixed ligand compleges
have been found to be less effective than the base salt
and its binary complex, Copper(ll) chloride itself
gave no indication to inhibit the growth of P. vulgaris.
It rather stimulates the growth of S. pyogenes and
a very slight growth inkibiting tendency Fas been
shown against E. cofi. The binary complexes of
a-amino acids more or less enhance the growth in
S. pyogenes at all concentrations and an incomplete
inhibition of low magnjtude followed by the growth
stimujation has been observed in K, coli at 0-04 M
concentration. Neitker inhibition nor stimulation to
growih has been observed in the case of P, vulgarss
at any concentration,

It is evident from the observation that onfy 2, 2'-
bipyridyl salt and its binary copper{ll) complex are
found to bs growth inhibitors. 2.,2-bipyridy! salt
is most active at 004 M concentration against
A, tamarii and P. frequentum species. At higher
difutions the activity bas been found totally absent,
2,2 -bipyridy! . HCI shows incomplete inhibition zone
in both the species. Bis (2, 2%-bipyridyl} corper(ll)
chloride shows a broad range of incompicte inkabition
only in P.frequenrum and no sign of inhibition has
heen observed in A, ramarii at 0-04 M concentration,
None of the mixed ligand complexes or copper(lD
chloride and copper(ll) chelates of a-amino acwds
show any activity within the range of G-04 M to
0-0004 M concentration against any of the species.

The activity of these compounds noted ag inst
protozoa reveals that Paramecium 13 mere suseeptible
than Euelena. All the compounds are able 1o kil
Paramecig comparatively 1a g shorter period, Copper(ll)
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chilorde ttself bas been found to be more effective
than the rest of the compounds. The nuxed higand
complexes are found to be less clective than the base
monohvdrochlonde and its binary complex,  All the
compounds are found to be potent to kill the protozoa
upte 0-001 M concentration within 24 Frs and higher
concentration ras proved to be more eftective in

storter period,
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ABSTRACT

A series of NLN?* diaryl/aryl alkyl-N* N3 dialkyl/N® alkyl-a,a” thiobisformamidine salts
bave been prepared by the condensation of a-ctloroarylformamidines with 1-aryl-3 alkyl/3,3 dialkyl

thioureas in ether-acetone medjum at 0-5°C,

Tteir lccal anaestletic, antifungal, larvicical

activities and ckemical behaviour Fave been studied,

INTRODUCTION

NTERACTION of a-chloroarylformamidine hydro-

chlorides’s* with monosubstituted aryl®, alkyl* or
acylthioureas® has been investigated. The present
study of the reaction with 1, 3 arylalkyl or 1, 3, 3-
aryldialkylthioureas was undertaken to see the effect
of substitution on the course of reaction and also to
evaluate the biological potency of newly formed
compounds.

At fower temperatures (0-5") a-chloroarylformamidine
hydrochlorides reacted with 1-aryl-3, 3-dialkyl/3-alkyl-
thioureas In ether-acetone medium to afford corres-
ponding a, a’-thiobisformamidine salts (I), as shown in
scheme 1.

The structure of I was confirmed on the basis of

decomposition products and analysis of their picrates.
On boiling with water compound (I) decomposed
into mono-substituted arylthiourea corresponding to
the a-chloroarylformamidine hydrochioride used and
di- or tri-substituted arylalkyl urea corresponding to the
thiourea used, Reduction of 1 with hydrogen sulphide

’

Ar-NH, APNK o ARNH-C-S-C-N
R,._NJ \____,.ﬁH _ ~ HN NAPI
Rrr +H2Cl EHCI

a o 1

H?2S reducton hot H>O
2s.reducton] _hotrpo

APNHCSNH2 + APNHCSNHz +

AR )
R
Ar'fN H-C-N
i

I \

0 R

7
Ar NH—-E-N

s R
SCHEME 1

in alcoholic ammonia gave arylthiourea and di- or tri-
substituted arylalkylthioureas,



