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TABLE 1 - COLOUR,MAGNETICMOMENTAND ANALYTICALDATA OF THE COMPLEXES

Complex

Colourm.p.Magnetic Found (calc.), %
(0e)

moment
(B.M.)

MNS

VO(SPTSC-2H)

Black>3501'0213·911·58·6
(14-4)

(11'8)9('1)
Mn(SPTSC-2H)

Ash colour>3506·0015·912·59,7
(16'6)

(12'7)(9-4)
Fe(SPTSC-2H)OH

Black185304816'312-49·2
(16'0)

(12'0)(9'0)
Co(SPTSC-2H)

do>3502·1416-411·999·6
(16·9)

(12'2)(9'3)
Ni(SPTSC-2H)

Dirty green>350Diamagnetic16'312·138,9
(16'9)

(12-14)(9'3)
Cu(SPTSC-H)Cl*

Ash colour3451·0814-810·498,5
(15'3)

(10'90)(8'3)
Cu(SPTSC-2H)

Dirty green2521·3617·612·49,5
(18'1)

(12'0)(9'2)
Zn(SPTSC-2H)

White>350-18·413·78,9
(18'6)

(14'2)(9,2)

*Analysis for Cl; Found, 8'9%; Calc. 9'2%.

observed for Fe(II), oxovanadium(IV) and Cu(II)'
complexes may be explained by assuming hydroxc
bridging6 interactions cf the type V=O ... V (ref. 7)
and metal-metal interacticns8 respectively.

The 3350 cm-1 band in the IR spectrum of SPTSC
(nujol) is assigned to the vO-H (phenolic) which
disappears in the spectra Gfall the complexes except
Cu(SPTSC-H)CI, indicating coordination thrGugh
phenolic oxygen. The vN-H band at 3300 cm-1
in the solution spectrum of the ligand suffers a
negative shift in all the complexes indicating the
involvement of one or more >N-H groups in co
ordination. The vc=o band at 1660 cm-1 in the
spectrum of SPTSC remains unaltered in Cu(SPTSC
H)el indicating that the carbonyl grcup is nc t taking
part in coordination in this complex. This band,
however, disappears in all the other complexes,
suggesting the enolizati( n of keto gfGUp.

The vC=S occurring at 1338 cm-1 in the spectrum
of SPTSC disappears in Cu(SPTSC-H)CI but suffers
a negative shift in all the other complexes indicat
ing the involvement of the thioketo group in co
ordination.

vN-N occurring at 900 cm-1 in the spectrum of
SPTSC shifts to the higher frequency side in all the
complexes. The magnitude of the positive shift
suggests the involvement of only one of the
hydrazinic nitrogens9,lO in bonding.

The non-ligand bands occurring in the regions
450-400, 385-308, 330-280 and 850 cm-1in the spectra
of complexes may be tentatively assigned to vM-O
(ref. 11-13) vM-S (ref. 11, 14) vM-N (ref. 12, 15, 16)
and Vas Fe-O-Fe (ref. 6) modes respectively.

The authors are thankful to Head, Chemistry
Department, Banaras Hindu University, Varanasi,
for laboratory facilities and one of the authors
(R.B.S.Y.) is thankful to the CSIR, New Delhi for
financial assistance.
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Organotin(IV) & Organoxytitanium(IV)
Diphenyl Phosphinates*
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Org,anotin(IV) phosphinates of the formula R2SnL.
and RaSnL (R = butyl, phenyl, benzyl; LH = diphenyl
phosphinic acid) have been prepared from the respec
tive chlorotin compound and sodio-derivative of the
ligand. Organic chelating ligands (salicylaldehyde,
acetyl acetone, 8-hydroxyquinoline) replace the alkoxy
groups of dUsopropoxy titanium bis-diphenyl phosphi
nate giving new chelated titanium compounds in which
both the isopropoxy groups are replaced by the ligands.

ORGANOMETALLIC compounds containing SnO-P and Ti-O-P linkages have attracted
considerable attentionl-3. A number of titanium

*NCL Communication No: 2041.
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deriva ives of benzene phosphinic acid4 and seme
alkyl hosphates5 have also been reported. Di
phenyl phosphinic acid derivatives of some di- and
tri-org notin(IV) compounds, isoprGpyl titanate and
chelat d Ti(IV) compounds are repm ted hel e.

The reaction between an organotin chlcride and
diphen I phosphinic acid was found to give pre
ducts containing chlorine and wele of indefinite
compo ition. But when the reaction was carried
out us ng the sodium salt of diphenyl phcsphinic
acid, he reaction proceeded smeothly to give
organo in diphenyl phosphinates in excellent yield
(Table 1). The compounds were slightly soluble in
benze , chlorofcrm and carben tetrachlcric1e. All
of the dccompJsed before melting (>200°).

The IR spectra of the organotin diphenylphc s
phinat s show the disappearance of vP=O of the
free Ii and at 1200 cm'l due to either cocrdination
of the ligand to the metal atom through the phc s
phoryl oxygen or to the polymerization of the~e
compo nds through phosphoryl oxygen. The appear
ance f strong bands near 1190 and 1060 cm-l
indica e that the P -0 bonds are approximately eqv.i
valent vhen they form phosphinate bridges. The l<lck
of suffi ient solubility of these compounds in benzene
preclu ed molecular weight determinations. Similar
compl xes are reported to be oligomers with degree
of ass ciation ranging from two to six3.

Rea tion between isopropyl titanate and diphenyl
phosp inic acid gave diisepropoxytitanium bis
diphe yl phosphinate as a yellow solid, slightly
solubl in benzene, and decomposing on heating.
This mpound readily reacted with organic chelat
ing li ands such as salicylaldehyde, acetylacetone
and -hydroxyquinoline eliminating isoprepanc.l
(Tabl 1). The NMR spectra of the products in··
dicate that both the isoprcpoxy groups were lest
durin the reaction. The products obtained were
analys d as bis-chelated titanium bis-diphenyl phos
phina es. In the IR spectrum of the salicylaldehyde
comp nd, the shift in vCO frem 1660 cm-l in
the fr e ligand to 1625 cm·l indicates weak ceordina
tion the carbonyl group to the metal. In the
acetyl cetone complex, the vCO was found at

1580 cm-l in place of a deublet at 1715± 10 cm-l in
the free ligand, again indicating weak coordination.
In the 8-hydrcxyquim line derivative, two bands
at 1587 and 1600 cm-l instead of enly cne (at 1587
em-I) in the ligand prcb.bly indicate ccordination
of the nitrcgen at( m with the metal and consequent
:;;eparaticn (f tLe C=N frequency £rem the C=C
frEquency in the ring6. The limited solubility of
these ccmpounds in benzene did not permit accurate
molecular weight deter minatiens, but indicated
that they were polymeric in nature.

Triphenyltin diPhenyl phosPhinate - Triphenyltin
chlonde (3·85 g; 0·01 mole) was dissolved in benzene
(50 ml) and refluxed with scdium diphenyl phos
phinate (3'60 g; 0·015 mole) for 2 hr; the solvent was
evaporated under reduced pressure and the residue
washed with distilled water to remove the sodium
chloride formed. The pre duct which was insoluble
in water was washed several times with pet. ether
and dried in vacuo, yield 4·82 g; 85%. This white
powdery ccmpounc1, insoluble in benzene, decompos
ed without melting above 200° [Found: C, 63,35;
H, 4'57; mixed oxide, 38·71. (C6H5)Sn(C6H5)-P02
requires C, 63'53; H, 4-41; mixed oxide, 39'13%].

Diisopropoxytitanium bis-(diphenyl phosphinate) 
Isoprcpyl titanate (2'84 g; 0·01 mole) was mixed
with benzene (50 ml) and diphenyl phosphinic acid
(4-36 g; 0·02 mol) added to it and refluxed for 2 hr
with continuous azeotropic removal of the alcohol
formed. The product was evaporated under reduced
pressure, washed with pet. ether and dried in vaC'uo,
yield 5,4 g; 90%. The pale yellow powder was
slightly soluble in benzene, and decomposed without
melting above 2000 {Found: C, 59-51; H, 5·44;
Ti, g.1. (CaHl)LTi[(C6H5LP02J2 requires C, 59·95;
H, 5'66; Ti, g·O%}.

Bis-salicylaldehydo titanium bis-(diPhenyl Phos
Phinate) -. Dii,oprc poxytitanium bis-(diphenyl phos
phinate) (6 g; O·OJ rr:ole) and salicylaldehyde (2'68
g; 0·022 mole were mixed in benzene (50 ml) and
refluxed for 2 hI' with continuous removal of the
liberated iscprcpanCJ1. The pre duct was is(1lated
as above, yield 6,5 g, SO%, orange powder, slightly
soluble in hot benzene, and decomposed on heating

TABLE 1 - ORGANOTIN AND ORGANOXYTITANIUM DIPHENYL PHOSPHINATES

Organometallic used Molar ratio Product*

REACTlON WITH SODIUM DIPHENYL PHOSI'HINATE

1 1·5
1 3
1 3
1 3
1 1·5

REACTlON WITH DlPHENYL PHOSPHINlC ACIn

1:2Ti(OPri)4

(C.H5)aSnCl
(C.H5).SnCl.
(C.H.).SnCl.
(C.H5CH.).SnCl.
(C.H5CH.laSnCl

6

11'1'
1111Hl'llt, I

7
REACTION WITH SALICYLALDEHYDE

[(C6H5).PO.J.Ti(OPri). 1: 2·2

I' REACTION WITH ACETYL ACETONE8 [(C.H5).PO.J.Ti(OPri). 1: 2·2 [(C6H5).PO.J.Ti(Acac).

I REACTION WITH 8·HYDROXYQUINOLINEr. [(C6H5).PO.J.Ti(OPri). 1: 2·2 [(C6H5).PO.J.Ti(80xY)2

*~ Nos. 1-4 were obtained as white solids; 5 and 6 as pale yellow solids; 7 as orange yellow solid; 8 as yellow solid

~as orange yellow solid.
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R=3-methyl, ~-methyl,2- methoxY,3-mtthoxy
or

4. - methoxy

ionic in benzene and hence may be represented as
[Fe(LhCI3J.

Any deprotonation, of the ligands during com
plex formation is ruled out since no hydrogen
chloride could be detected in the effluent vapours
from the reaction flask. It is thus evident that the
phenylazonaphthols act as neutralligands. Addition
of aqueous caustic soda or mineral acid results in
the decomposition of the complexes giving the
ligands in almost quantitative yield.

Hydroxyazo compounds exhibit azo-hydrazone
tautomerism2. In the case of o-hydroxyazo com
pounds, the tautomers exist as strongly hydrogen
bonded structures! (I) and (II), the latter predo
minating3• In accordance with structure (II), the
infrared spectra of I-phenylazo-2-naphthols show
a band at 1610+10 em-I, which may be attributed
to the hydrogen bonded carbonyl group 4. In
keeping with the hydrogen bonded N-H ... O
structure, the X-H (X=N or 0) band around 2400
cm-1 is broadened almost out of recognition. The
X-H band remains unaltered in the metal complexes
also, showing that the hydrogen bond persists in
the compIexed state. This is further corroborated
by the fact that like the free ligands, the metal
complexes also do not form any ammonium salt
with dry ammonia in benzene. In view of the
hydrogen bonded structure of the coordinated
ligands, they may be expected to act only as mono
dentate ligands. Since the C=O stretching frequency
of the ligands remains undepressed in the complexes,
it is evident that the oxygen atom does not
coordinates.

It appears, therefore, that it is one of the
nitrogen atoms of the ligand that is bonded to the

Received 20 September 1976; aCCtpted 8 October 1976

N. THANKARAJAN& K. KRISHNANKUTTY

Department of Chemistry, University of Calicut, Calicut

NOT ES

[Found: C, 62·74; H, 4·20; Ti, 6·71. [(C6H4(0)CHOJ2
Ti[(C6HshPOrJ2 requires C, 62'99; H, 4·14; Ti.
6·63%J.

Other compounds were prepared similarly.
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Adducts of I-Phenylazo-2-naphthols with Fe(III)
Chloride

I-Phenylazo-2-naphthols form adducts of the type
FeCI3.L2 with iron(III) chloride. Infrared spectral
studies show that the ligands act as monodentate, co
ordinating through their a-nitrogen atoms. The com
plexes are non-ionic in benzene.

METAL complexes of azo compounds have receiv-ed considerable attention in the past in view
of their application as stable dye-stuffs'. However,
attention was devoted mostly to stable metal com
plexes, having greatly enhanced fastness properties.
Thus, whereas the literature is extensive on 0,0'
dihydroxyazo compounds and their metal chelates,
very few reports exist on labile complexes of 0
monohydroxyazo compounds1• Hence this investi
gation on complexes of I-phenylazo-2-naphthols (I)
with iron (III) chloride was undertaken.

Six o-hydroxyazo ligands used by us formed
lustrous black crystals with anhydrous iron(III)
chloride in boiling dry benzene. These complexes
are non-hygroscopic and could be recrystallized
several times from benzene. The complexes have
the composition FeCI3.L2 (Table 1). These are non-

---
N

FeCILigand

8·17

15·9074·50

(8·48)
(16'11)(75·68)

8·57
8·0014·9576·00

(8,16)
(8'10)(15·45)(76·38)

8·52
8·0315·1575·80- 8·0414·5276·50

(7·78)
(14·72)(77-45)

8·51
8·2514·7276·87

(7·80) 8·00
14·6076·78

C H-
-

59·58

4·39
(59·51)

(4·08)
60·01

4-46- -
56·75

4·20
(56'82)

(3·90)

Ligand (I) m.p. (OC*)
(R=)

H

210

3-Methyl

200

4-Methyl

210
2-Methoxy

195

3-Methoxy

205

4-Methoxy 185

*Melt with decomposition; yield about 80%.
tCalculated values are given in parentheses. Calculated values for isomeric compounds are not mentioned.

TABLE 1 - ANALYTICALDATA OF THE COMPLEXES

Found (%)t
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