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Metal Complexes of Sulphur-Nitrogen Chelating Agents
Transition Metal Complexes of the Esters of
2-Amino--cyclopentene-1-dithiocarboxylic Acid

B. SINGH and V. D. GUPTA*

Department of Chemistry, Faoulty of Science, Banaras Hindu University, Varanasi-221 005

The complexes of Ni(ll), Cu(ll), Co(lI), Cd({I) and Fe(lII) with diethylamino-
methyl ester of 2-amino-1-cyclopentene- 1-dithiocarboxylic acid, RHNCCH,CH,CH,C-
|

C(S)S ¢’ [LH when R=H and R'=CH,N(C,H,),] and Ni(Il) with methy! ester of
N-methyl acid [L’H when R=R’=CH,] have been synthesized and characterized.

HELATING species containing both soft and
C hard potential donor centres when complexed to

metal ions are of significance due to diverging
reasons. In transition metals the electronic struc-
ture and stereochemistry of sulphur-nitrogen ligand
complexes are comparatively much less under-
stood?. The added interest in them with reference
to main group elements and probably also with
early transition metals is due to their preferential
bond formation with soft or hard donors resulting
1ato what 1s now known as anisobidentate® character
of the ligands. With the above view 1n mind
stereochemustry of some later transition metal com-
plexes of the esters of 2-amino-1-cyclopentene-1-di-
thiocarboxylic acid, RHN(}CH,CH,CH,(%C(S)SR’,

has been described in the present paper.

Experimental

All the solvents were purtfied (dried and
distilled) by the standard methods. The esters were
prepared by the literature methods® 4. The
infrared spectra were recorded on nujol mull on a
Perkin-Elmer-621 spectrophotometer  (4000-200
cm~*). The pmr spectra were run on A-60 Varian
spectrometer 1n CCl, solution using TMS as an
internal standard. The magnetic moment measure-
ments were made at room temperature (308" K) by
Gouy’s balance and electronic spectra were run in
CHCI, solution on Carry-14 spectrometer. Metal
and sulphur analyses were carried out gravi-
metrically and nitrogen by the Kjeldahl method.
The carbon and hydrogen analyses were carried out
in our Microanalytical Laboratory. Molecular
weights were determined cryoscopically in benzene
and nitrobenzene.

General method of the preparation of transition
metal complexes of diethylaminomethyl ester of the
acid and methyl ester of 2-N-methylamino-1-cyclopen-
tene-1-dithiocarboxylic acid : Methanolic  or
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_ tates
ethanolic solutions of metal chlorides Of acewere

[of Ni(II), Cu(II), Co(1I), Cd(II) and Fe(ILD] %7
mixed with the solutions of the ligands, mmethy
hydrofuran (in case of the diethylami? oo the
ester) and in methanol or ethanol (in case In the
methyl ester) in appropriate molar ratios. ted bY
case of chlorides the reactions were facilitd wetal
adding a suitable amount of NaHCO5. dewashed
complexes precipitated were filtered out 80¢ ~ 0, ds
thoroughly with water. All the °°m%ydr0'
(Table 1) were recrystallized from hot tetra @ %ot
furan or methanol and dried under Vac!
32-35°/0.1 mm/1 hr.

Results and Discussion

of the 1B

The transition metal complech[R’R,‘(;H o

M[RHNCECH,CH,CH 2sCC(S)SR’],,

M=Ni(Il) and n=2; R=H, R'=CHsN(C’Hﬁ)¢
M =Ni(II), Co(II), Cd(II), Cu(i), n=2 20" “he
Fe(IIl), n=3] have been synthesized ff"]l the
corresponding acetates or chlorides. Iids
complexes are dark coloured crystalline sO! (111)
sharp melting points, except of Co(ll) an
which decomposed, and are soluble
tetrahydrofuran and nitrobenzene. € S ylamito
of Ni(II) with the methyl ester of 2-N-_m°tpy soluble
1-cyclopentene-1-dithiocarboxylic acid 18

in all common organic solvents. All of
found to be monomeric (cryoscopxcaﬂ)')-

the
In the ir spectrum of diethylaminomethylze;g‘fm—i
presence of a broad band of »(N—H) at 3 f of
and absence of »(N—H) band in the Spet?onowing
methyl ester show the existence of the 3b the
structures (Ia or Ib) which is also suppoftgso om™
absence of »(S—H) band in the 2550-2 s U
region in them¢. The spectra of both the (C’S)
show strong to medium intensity bgmds ol
at 127045, 115545 cm~* along with »(C=
at 725 cm™1,
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Tarrn 1~TrANSITION METATL OOMPLEXES OF *HE ESTERS OF 2-AMING-1-0YCLOPHNTENE-1-DITHIOCARBOXYLIC ACID

Molecular weight

81, Products*® mp. Analysis(%) Found{Calcd ) Pett
No. colour (°C) G ' i g R 808° (B.M.)  Found (Caled.)
L L,Ni 155-57 48.99  7.32 1026 2310 1010 Diamagnetic 663
Bright brown (48.61) (7.02)  (10.76)  (23.51) (1027) (645.4)
3 2O 270-72 4861 7148 11.34 2361  10.08 1.90 574
2 Dark blue (48.00)  (7.39) (11.54)  (23.26) (10.18) (650.8)
. L,Co0 above 8608  — — - 28.11 1042 212 571
Black (28.49)  (10.27) (645 17)
<4 L,0d 390-21 — - 1867 3101 918 Diamagnetic 874
Olive (18.38)  (21.40) (9 35) (699.9)
&, L,Fe above 3604 50.80 753 785 9595 1098 5.35 805
Light brown (£0.42)  (7.81) (7.11)  (24.47)  (10.69) (785 9)
6. T/ Ni** 133-84 = — 18.04 3016  6.67 Diamagnetic 455.6
(13.63)  (29.84)  (6.50) (430.7)

I"’HNGIOH.GH.OH.OC(S)SOH.N(O.H.). and L’=CH-NG’GH’OH-CH-QO(S)SOH-
]

R ——
*  Orystalline solids , ylelds, 85-90% , Molecular weights were determined for the compounds 81, No. 1-5 in nitrobenzene

and for 81, No, 6 in benzene cryoscopically.
** PMR values (in ppm) for SOH, (3 69), 3,6-0H,

N ——

(390), 4-CH, (1.95) and NCH, (3.15).

TABLE 2 -~ BLECTRONIC SPECTRAL DATA (in cm™!) OF THE TRANSITION METAL COMPLEXES

ﬁ‘ﬁn L'H L,Ni LyCu Ly0o

B10 95,95

30769 31’54

38,168 ’

11,430

16,000 16667 16000
20,000
34,670 30,731 94,510
30,120 39,051 30,080
27,087 shad0 97,087
46,540

L-‘-HN?GH.on,cn,cic(s)son.mc,n,), and 1/=CH, NO

S ———

L,Cd L,Fe L/, Ni Assignments
] r—r*
5 a4
11,525 d-A(0A T, )
16,100  d-d(*Ag>tAne)
(MN 48, chromophors)
91740  d-d(*A,g>'Byg)
24,000 24,540 25,126
32,260 30,050 31,444 L-L*
37,037 87,042 (L~MorM-~I)

COH,CH,0H, CI.O(S)BGH.

R R s z
3
5
(Ta) {Th) (1) (11n)

b The alternate structure involving (II), appears to
ve Mmuch less probable due to the absence of discrete

=C) and »(C=N) vibrations which appear at
vonsiderably high energy range*® ca 1650 cm~:.
7 the metal complexes the bands of »(C=N+C=S),
f =S4+C=N) and »(C=S) shift to lower
ll'equgncy region®=7 by 15-20 cm~* suggesting
el;X ariably the bidentate behaviour of the
,,(é[:s' The characterisic bands of »(C=C),
135¢C+C"N) are observed at 1595+3 and
a dois cm~! respectively®. The metal-nitrogen
r: . Metal-sulfur frequencies have been seen in the

Blons 450-525 and 325-400 cm~* respectively®~".

The com found

' Complexes of Ni(II) and Cd(II) are

ta(:,ge diamagnetic wheregs the complexes of Co(II)

mag CU(IN " are paramagnetic i nature with
agaetic moments 2.12 and 1.90 B.M. respectively.

On the basis of these results the complexes of
Ni(II), Cd(II), Cu(Il) and Co(II) are considered
to have definite square-planar configurations. Fe(III)
tris complex being octahedral® is found to have
magnetic moments 5.35 B.M. which can also be
taken as an additional evidence for the absence of
S—S bonding in it arising out of the structure (II),
since spin crossover behaviour! associated with
S—8 ligands decreases the magnetic moment to the
order of 40 BM. The somewhat lower magnetic
moments in the Fe(III) complex 1n comparison to
the usual high spin value (5.7-5.9 B.M.) can not be
rationalized at the moment until the structure of
the complex is determined by single crystal analysis.
It may however be mentioned that the magnetic
behaviour of the well characterized S—N chelat:s
under octahedral environment 1s not known?®,
It is from this objective, that we have begun
examining the structure of the Fe(III) complex by
X-ray analysis.

The esters in their electronic spectra exhibit two
or three bands mn 25,000-39,000 cm~! region
(Table 2) due to intraligand transitions of the m-7*
type. The spectra (Table 2) of all the complexes
are similar to each other 1n the ultraviolet region
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where absorptions involving the ligands predo-
munate. The bands in the region 24,000-45,000 cm~!
have been assigned as either M—L, L —M or ligand
transitions®?. The highly covalent character of
the metial donor bonds of the metal chelates is
evidenced® by the dissimilarity between the spectra
of the freec esters and the metal chelates. The
presence of the bands in the region 16,000-
16,700 cm~* assignable to MN,S, chromophores
(d-d) in the complexes of Ni(I[)5=7°, Cu IT)s-10.11
and Co(ll)®*12 s strong evidence for the
delocalization in the ring and also for their square-
planar geometry. In Fe(IIl) octahedral complex a
band at 11,525 cm~* has been observed duc to d-d
transitions®.

The complexcs of dicthylaminomethyl ester
could not be scanncd for pmr spectra due to poor
solubility. The spectrum of the Ni(Il) compound
with the methyl cster exhibits a slight upficld
shift® 7 in the signals for SCHy, 3,5-CH, and NCH,
protons whereas 4 — CH, protons remain at the same
position in comparison to the ligand*. Surprisingly,
N-methyl protons appear as doublet (centred at
3.15 ppm) which defy interpretation except in terms
of the two environmentally different positions of
the methyl group with respect to the chelate ring.
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