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Tin either as a metal or as alloys and chemical compounds,
has diverse applications. Organotin chemicals are widely used in
industry and represent a significant and growing outlet for tin.
Historically; organctin conpounds wéze ameng one of the fikst

organometallic species to be investigaked.,

The bagsic studies in the £ield of organcotin compounds have
been deﬁeloped due to the sucecess of a large number of modern
techniques applied to the organotin compouncs. Tin possesses, for
example, twd spin of cne half isotOpeé, 117Sn and 1198n-whi¢hl
becoeme important in nﬁclear maghetic resonance studies. Tin has
tenlstable isotopes, which allow the easy icdentification of the
tin-bearing fragrents in the mass spectrometer, Mossbausr resconance
£rom the 1198n nuclelde can e casily recorded, Further tin-carbon
stretching freguencleg in the ;ﬁfrared &nd Raman spectra can be
assigned in most cases. The availability of two stable oxidation
states, tin (II) and tin (IV), with coatrasting chemistrics and a
wide variety of s#ructural types have afforded a large sccpe for
diverse studies in organctin compounds. Tin (IV) derivatives alone
encompass fourw, £ivew, siie, sevena-and edchie coordination at
tin centre in neutral, cationic and anionic species, with intra
and intermolecular asscciation to give dimer and higher polymers
with one, two and three dimensicnal lattice in the solld states,
which have provided much interest in extensive studies in these
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Thé annual industrial production of organotin compounds
was iess than 50 tong per annum in 1950s. But this figure {1)
gradually increased to 35000 tong in 1983. The conservative estimgte

for the current years will be not less than 40,000 tons per annun.

Tin the elerent having atomic number 50, is a membexr of
group IVA of the periodie table with an electronic coafiguration
Lxe 7 4&105525132 in the ground state (2). The comron four covalent
state is derived from sp3 hybridisaticn. The four covalent state
Ieccurs.fér'mcre Erequently than the two covalent state =md most
of the organotin campmunéb possess & four cavalent tin zhom in

sivple comoundss

Organctin cempounds were firsk roviewed by Krause and
Van G¥os in 1937 (3}, Later, Gilman et @l (4) published gnother
revicw of eorganctin compounds in 1960, In last two decades or so,
innunersble reviews and books‘have been published in- the area of
organctin corpounds, Mention may be made to scnme of the répresenta—

tive ones (5270,

Tin differs from lighter group IVA element in thét'its
deorbitals ave of.sufficiently 1o energy for them 0 be fregquently
used in bonding so that tin can readily expand its coordination
nunder above four, Ag a.consequence of this, many organotin compounds
exhibit cénsiﬁérable Lawis acid character and can £orm gtable
adduets with a nurker of Lowis bases. Moreover reactions involving

nucleophilic attack at tin are facilitated by the Fformation of
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" coordinated intermediates which, however, unstable, lower the
energy of transition state. The coordination chemistry of organotin
compounds was discussed by Poller {28) in 1965 and by Gielen aridl

Sprecher in 19%6 {29},

Organcfins can form a large number of complex compounds
with suitable donor and chelating ligandse. The presence oL an
organic group in & molecule usually diminishes the tendency of
organoting to form complexes and hence the Observed stability of
the complexes should decrease as follows: SnX, > RSnX, > R,SnX,

R,SnX >R,Sn, The configuration of the complex readily follows f£yom

3
the type of metal hybridisation involved. In R,5n complexes sp3
hybrid orbital exist and tetrahedral confidUrations are attained.

: -
In SnX .

the other limiting case, the six 5p3d; - hybrid orbitals
of the metal are directed towards the ligands so that the resulting
complex wili be octahedral. When only one monodentaﬁe ligandé adds
to an orgahotin molecule, a trigonal bipyramidal complex {(coordina=
tion number £ive) may be found through the participation of the
spsd hybrid orbitals of the metal, A number of compounds have been
aéscribed by Beletskaya, Butin, Ryabtsev and Reutov (3G) which
also show agreement with these simple rules, although in many
cases, the structures mentioned are often disto:ted,'due to the
différént nature of the ligands in an organotin complex.

The f£irst organotin compound was prepared by Franklsnd (31,
32} 4in 1849 with the preparation of a few crystals of diethyl tin
diiodide from the reaction of ethyliodide and metallic tin at 160°,

in 1852 Lowig {33) also described the action of ethyl [ iodide
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on 2 tin sodium alloys Though 'he could not datectf%ﬁe formation
of totraethyl tin, he isclated triethyl tin iodide and hexaethyl
dl tin. '

Organctin compounds act as Lewls acid to react with electron
pair donor i.e. Lewis base to form addition compound, Stannie
haildes form thermedynamically stable well known adducts of the
type SnX,.2L {I, = ligand) with Lewig bases (34). MohGe, die and
'triorgénotin compounds can form adéucts with mono-, Aim and

'polydentate ligands,

In the last three decades or so, extensive work have baén
carried out in the area of organotin coordination compounds with
bi= and polydentate« ligands, The ligands which formed coordination
compounds with organotin moieties were of diverse typess These
included fwdiketons, diphenyl thiocarbazone, diphenyl carbagena,

8 hydroxy quinoline or its derivatives, kojie acid, Schiff bases,
dithiocarbamic acid, substituted hydroxamic acids etc. As illustre-
tion of the above type of complex compounds, only fem types of the

gbove ligands will ke discussed here.

Diorgancin bils acetyl acetonates, R,Sm{acac), have been

. cbtained by adding acetyl acetone (acse) to a mixture of diorganoctin
dichloride and sodium methonide in-methanol (35)« Thése diorganotin
big B -diketonates can 2l$o be obtained by direct reaction of the

raactants in the presence of a base (36).

The isolaticn of several soldid orgaﬁotin dithizonates with

monow, di- and trd- organotin moiety have been reported (37,38).



The ozwga.notin dithizonates, Rssnﬂ-mz)} RQSn(HDng.
R,Sn(iDz)X ond RSn(HDz)XY R = dx-:a, Cellge C,Hgs Cglin, petolyls
X = Ci, Br, I, NCS; ¥ = substituted bensohydroxamic acidsy HHz =
Dithizone) have been isolated and characterised. Test of triphenyl
and tributyl +in dithizonates as fungicides shc";wea very good
activity against a number of plant pathogenic fungi (39). The
oxygen analégueh of dithizone, 1,5=-diphenyl=carbazone was also
.rc—apor'tea {40) to form organotin complexes of the type RBSnL.
stnzazf‘nsnz..y R 8nlX (R = CH,, Cotye Catly, Cllze prtolyl,
eyclohexyls X = Ci, Br, SGN and LH2 = diphenyl carbazonel. Some

of these triorganctin compounds showed good fungitoxicity (39),

Oz:ganotin exifates of the type R 4_”né‘l'»n(}‘:e::!.nm (R_ = organic
group, Cxin H = E-hydroxy-guinoline {oxine), n = 1,2,3) (41.45)
are prepared either £rom the organotin halldes and soéium/thalimn
exinate (41,42) or from organotin halides and atine itself, the
hydrogen halide formed was removed by & base such as ammenia (46)
and also by reacting a;:ganotin oxide with oxine (47,48). Triorganc-
tin oxinates have also been prepared by triorganotin chloride with
a mixture of oxine and sodium methoxide (49), Pyeparation of big
{penta=~fluorcphenylltin bilg oxinates have also been reported {50),

in the crystal structure of .dimthyltin bis {(Sehydroxy
oxinate) which assuwmes a gig ~ dimethyl tin group, the cmycen atoms
appear j,:;g_@g_@ and the nit#ogen atoms are cig {50},

| Crganotin halide blg exinate, RSr:X(Oxin):, R = t.‘:H3 s NG 43-19,

CGHS $§ K = Qi, By) have been prepared by rescting organotin trie
halides with o:f.'ine. (1 3-2 mole) in ethanol followed by neutralisation



with acueous ammonia or sodium acetate (42,52). Detta {53) has
reported phenyl tin halo big oxinate by reacting diphenyl tin
dicxinate with mefcukic halides in ether at yoom tempexeﬁure. A
ccmpauﬁﬁ, zrhucgﬁgsnfﬂxin)z _;E was prepaved from n=buiyl tin

sesquisulphide and cxine in boiling tolune (54),

Some of the organotin trioxinates have been prepabed by

using clther of the following reactions (45,48):

ROS“QGS + 6 Cxin H bo;légg$>2RSnOxins + SHEO
- benzene

RSnCl, + 3Ma Oxin — RSn(Qxisz + 3 Nali

Mahrotra et al (55) prepared butyl tin iscpropoxide

atinate by reacting;butyl tin trig isopropoxide with Sehydroxy
quincl me .

Grganqtin-ﬂerivatives »f gubstituted oxines have alsb hoen
reported. Srivastova et al.(Sé) have preparcd SDme diaryl tin
kig oxinate/2emathyl axinateé and diarvl tin chiloride oxinate/2-
methyl oxinates. Sen ét_al (57=532) have aynthesised and ¢harace
teriéed saveral diorgsnotin his (mencw and di».substituted cxinatel,
They have also reparted the synthesls and speciral studies on nono
and Sriethyl tin (IV¥) and tri phenyl tin (IV) ahélates with
substituted Swquinolinols. |

Smith et al (60) have studied the synthesis and Mossbaver

spectra of some mixed chelates of diorganotin (IV) complexes of the



type RR'Spll' (R = R' = Me, Ph, Buy R = Bu, R* = Ph, L,L' =

Behiydroky quinolinate, 2 methyl 8-hydroxy quinolinate etca ),

Deb et @l (61) prepared a number of Complexes of the types
! 11y7¢ gt I 1% |
RySnlg, RSnL,Cl, R,SniCl, R Sn(L'H )os R,STLY and Rgzx(m ?‘1:} ;
{(wvhere R = c;—xaococzazcz-rzr, c 4ﬂgococx~zzchg and (‘:I‘IBOC 5 JCH =
1H = Sephenyl azo=Sequinolinol, lenitroso-2enapthol; L'’ = S«
(2% wcarboxy phenyl ezo)=Beguinolincl apd LUH, = 1,2 dihydroxy

anthraquinaneﬁ and a thioccyanate derdvativa.

Leb and co-workers (62} also prepared a number of complexes |
“Qf the type R,Snl,, R,SnLX, R,Snb,X and RSnh, where R = CHSCOZCﬁch
H X =€l an
c 4H9C0 CH,CH,, CH,CO,CH(CH,)CH, or CH,COCH,C(CH,},, X = C1 or &
anduF Cxine, 5,7«dichloro oxine and 5,?~dinxomo-cxine.

Kojic acié can form gomplex with orxganotin compounds,
Dimethyl tin bis kojate was prepared by the reaction of (Cﬁstanlz
and kojic zc¢id (2132 molel), Methyl tin chloride and mmthyl tin
promice big kojstes have been prepdred by Otera et al (&3).

Organotin halides or oxides can react with bidentate,
tridentate and tetradentate Schiff bases (64-68), Tanden and
co~workers (68) have been syathesised scme five and sixe
coogdinated dis and tributyl tin {IV) complexes BuQShL, Bu,Snk,,
- and BuQBnL (where L is the anion of a menofuncticnal bidentate
or bilfunctional tridentate SCHIiff bases). These complexes were

shown %o be highly active towards bacteria,.

Organctin dithio carbamates were prepared by reactlon of

organotin chloride with sodium dithicecarbamate. Organotin dithio-



carvamates with cifferent ﬁypes of alkyl and aryl groupg have been
prepared by Srivastava et al and others (70-82), Some of these
compounds showed considerable hiological activities,'alkyl and
aryl tin (IV) mono thio carbamates have also béen reported by
Majee et al (83),

& nunkber of organotin tropolenate complexes of the type

R.SnT, R Sn¥P, R_SnT, end RSnXT, (R = alkyl or Ph; X = Cl, Br,

3 2 2 2
I; HT = Tropolane) have bsen prepared where the tropolans acts
as bidentate chalabting agent konding throuch both ouyoen atomS.
Diorganctin big tropolonates have been prepaged (84,85) by the

following reactionss

R,S0T, + 27T — R,SnP, + 20ICL

Phenyl tin txis tropolonate and phenyl chloro tin big
“tropolonate have been preparsd by reacting phenyl tin tri

chloride in benzene with a solution of txopolone in ether (86).

“he hydroxylamine derivatives of organctin have been

initiated by Harrison et al (87,88),

Diorganotin derlvatives of Nesubstituted benzo hydroxamic
acids have been preparsed (B89-92) by the roaction of diorganotin
oxide and hydroxarde acid {liberated nydrochloric acid was neutvae

‘lised by 25% agueous ammondial,



Phenyl tin halide big (N-phenyl benzo hydroxamates), phenyl
Lin thiocyanate big (Nephenyl benzo hydroxamabe have been prepared
(92), '

A part of the present investigation have begen carried out
on 6rgan§tin derivatiﬁes of ﬁuhydraxy.succinimi@e and N-hyaréxy_
phthalimice, which may be considered as hydroxamic ecids. So
deﬁailed discussions on hydroaxamic acids and théir organctin‘

compcunés would be relevant here.

The hydroxamic scids were known for over a century (93)
and a considereble bkody of literature exists on the .emfsrsje:a'::t:,?’ff'xtﬁ'-‘f*‘gi’l‘v
the study of thelr chemistry and practical appilications laggéa

for sone years.

The increasing interest in hydroxamic acdids has been
attributed, in part, to work on cyeloserine (DdemarniniOmBtem
isouazolidone, “cxamyein®) (94), ferrichromes (93), work on the
acceleﬁation of hydrolysis of orxganic f£luorcrhosnhates and
£luorophosphonates such as sarin (iscpiopyl methyl phosphonoe-
flu@ridaté) by hyaraxamic acilds (96). Various analytical appli-
cations (based either on the characteristic colour formed on
reaction of hydroxami¢ acidg with ferric chlorxide solution or
their ability to act as chelating agents), uses as Zioation agehﬁs.
and biochemical or medicinsl studies have been iﬁvestigated.
Polymerie hydroxamic acids have recelved some attention as ion-

exchange resins (97)s
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Sandler and Xarce have published a review on_the chemistry
of hydrcxamic acid in 1972 (98). The first stereochemical conceptis
cf hydroxamie acids wede proposed by Werney (995 who carefully
differontiated between hydroxamic acids and their tautomers, the

hydroximic acids.

& : OH
_ I L
R = € & NHOH R w C®N-DH

(1) {11}

The zbove structure may be in eguilibyrium also with other

tautomerie formos

o OH

It |
RawCeNHOH 77— R = C = NOH

(1) {11)

C
I |
R ~Ce N — O === R=Cm= -0 eas CE)

(x31) ' (xv)

Structure (II) termed as hydroxamic acids constitute only
a minox cdmpcneﬁt of the tautcomeric egquilibrium mixture althcough

derivatives of hydroxamic acide sre well knowm. Structure (IIX)
and (IV) have been added to the 1ist of possibie taukomeric £oxms
relatively recently (100,101, Their iﬁpcrtance becomes obwvious
from the standpoint of the preperation of ¢yclic hydroxamic acid,
For exawmple § cxidation of an sppropriately constituted molecule
inay produce a cyclic'hydraxamia acid (102):
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OH

The variety of substituted hydroxamic acid is curprisingly

lavge, If we consider only the structures which may be written |
wpon alkylationm and/or acylation of hydroxylamine but ignore the

tantomeric derivatives, the following compounds resulis

0 ' ﬁ ' 0 s}
1 : - ' Il
R w C «» NHCH B e O w M «0H R wildwC.a-ni?
: [ !
Rr? - OH -
(x} (v
&) 8] 0
| It It :
R w & « NOHR! NHZOGs-R R wGQ o« -~ OR'
N
(VIiI) (viiz) (IX)
Q
R—C. Q
I i o NfO—C*R

) Y | (x11)
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9 Y
. TUR RC-N—0C-R. R—C—-N—-0QC —R
0 " R
(=1 v
(%)

Cormpounds such as {VIT), (IX) and (RIII) are esters of
hydrexandc acids and in the ¢ase of structwxe (VII) are alkyl

hycroxamates,

When the distribution of electrons 6f hydroxanic acid and
hydroximic acids are considered it will be noted that several sites

exist wikh which thése compounds may act as neucleophilic agents.

Furthermore the hydroxamic acld may act as chelating groups.
The elassical ceolour test for hydroxamic acid with ferrice chloride
involves chelation. Also a common method of isolating these compounds
by precipitation with cupric ionz frequently referred Lo as 2
formation of copper chelates. Because of its unusual electron

distrivution, the chemistey of hydroxamis acld is complicated,

. The apld strength of hydroxamic acido hag been reportad
to ba the sare order of magnitude ag that of the carboxylic acids,

2t least some of these acids ave sald, o be soluble in sodium

- s

bicarbonate solution.
P
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Hydroxamic acids may be prepared by treating csters, acid
chlorides or acid snhydrides with hydroxylamine €103) in the
presence of alkald and the free acid is cdotained by the additlon
of acid in the appropriate guantibty in cold solution.

RCOZE'{: C NiL,OH 4 KO ——p5 ROCONHOK + EtOH + H

2 20

RCCIHOK + HX ——— p RCONHOH + KX

The general method employed in the synthesis of Nearyl
‘hydroxzamic scids are eutlined by Yale {103} in & review work,

One Of the widely used procedares for the preparakinn of
hypdeeoxamic aeids 1s based on Schotien~Baumamreantion {1643_. Thiz
involves the partial acyletion of the Wearyl hydroxylamine (A) with
arid chloride in aguecus (105) or benzene (106,107) or dlethvl

ether medium {108,3100),

AL o N oo OH S+ N w@ =0
i |
H Ci

(n) - l | _
5) 0

f o I ~
] | : f
R—C=0 R Cm O H

{3) () ()



14

The courge of acylation ls vexy sensitive to the properx
cholce of experimental conditions, otherwise the concormitant
fomation of disubstituted hydroxamle acid (and possibly the

Omaretylated aryl hydroxylamine, D) takeos place.

Most of the workers isolated the desired mono derxivative (B)
from the crude product by tEious and repeated extraction with
concent.rated ammondum hydroxide, in which the di derivative {and o
D, 4f present) is insolubie, Bubgequant acidification with |
hydrochlorie acid (110) of the a:zmsniac:al solution iiberates the

hydrexamic acid.

Czi the basis of Schotten-Bawmanm reaction, Pandon and
comporhers (111, 112) have prepared several Nearyl hydroxamic
Cacids by rescting vhenyl hydm;ylamine (PENHOH) with acyl chloride
or its derivatives fR"C%‘-J.) in the p:cesencé of dilute alkali. |

RNHOH + RYCOCY 4 Hali

!

R I\II « OH + Hall 4+ H?O\

Rla 0= 0O

Ghosh and Sarkar have synthesised suceinyl big Nephenyl
hydroxamic acid {113) and adipyl blg Nephenyl hydroxamic acid (114)
with phenyl hydroxylamine and corresponding zcid chlorides in ic:é

cold diethyl ether using a base {pyridincl,
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The acid anhydrides and acyl halides have been used to
prepare hydroxamic acids. Docause of tho reactivity of these
reagents, Lxequently there is a loss of desired product because

diacylation may take place to produce M, Nediacylhydioxylamines.

There is some evidence that acyl halides and anhydrides
initialliy acylaté the hydroxyl oxygen, This resction is followed
- by a more oy less rapid rearrangerent £rom the Oe=acyl hydroxyle
| amine ¢o the hydéroxamie acid (115). In the case of acylation with
anhydricdes, it has also been proposed that "discetyl hydroxamic
acia® foxms-initiallé (2163,

0
(..}13 -~ C’ - 02(.‘1-13

NOH

A series of hydroramic acid way be prepared by this method
woing different solvent, temperature and period of reactlon.

There are many cthey methods for the pxeparation-éﬁ
hydroxanics beyond those are described above, These are ag £ollowss
o Acylation of hydroxylamine with amides (117~120) or nitriles
-{;121).

The hydroxylamine decivatives of organotin has been
synthesised by Harrison (87,{)88) by the azeotropic removal of

water from the mixture of appropriate hydroxylamine and the oxganotin

oxides or hydroxides. e
+1fak
o 1 @.3“—*”"‘
: asd! g s f;!-:
107091 e voReY
: gadd o

g 0L 188!

[T

.

P
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I(RSSn)zo | o
or + HONR'RY b stnﬁl\iﬂ" Rt .3.1-;20

RSSnOz-I

{where R = Me, R* = R" = Efy R' = Ph, R" = COPhyp
R = NePr, R' = Ph, R" = COPh; R = Ph, R' = Ph, R® = COPh;

Re Mg, R* = H, R" = COPhi; R = n«Pr, R' = H, R" = COPh),

BHowaver, attempts L0 prepape th nom-zcﬁ;m by the same
method only resulted in the formation of tetraphenyl tin in high
yield, presumably by a disproportion reaction although ne pure
diphenyl tin dexivatives cculd be isolatade |

uI-L()

Ph3anUn < hﬁﬁﬁ:ﬁ.()?h £

phsancx::moph'

Ph,sn + / Ph,Sn(CNHCOPh), _7

The organotin derivatives of HebenZoyl hydroxylamines
are extrfniely stable in moisture, The Ph,SnONPRCOPh is monomeric
in both crystal and solution phases, whereas the trimethyl tin

derivatives are associated in the solid (87,88),

Bilozganotin derivatives of Hesubstituted benzo hydresamic
acids have bean prepared(8%9«52) according to the following reacticn
scheme s ‘ o
®,Sn0 + 2HONRYRY —p -za2sn(_mm' R")g + H,0
R,SNCL, + ZHONR'R" ——b R Sn(CNR'R"), +/zac1
(R,R*,R" = alkyl or axylls,
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The liberated hydzochloric acid was neutraliéed Dy 358

agqueous amonia and remeved as precipitated ammonium chloride.

Phenyl tin hallée bips (Nephenvl benzo hydroxamates) have
been prepared by the reasction of triphenyl tin Nephenyl henﬁc:
hydrexamate with meroiric chloride, mercuric bromide and mercuric

. icdide (92),

Phenyl tin thiocyanate big (Hephenyl benzdhydroxamate) has
been prepared ( 92) f£rom the corresponding chloride by the dise

placement of chloride by thiosyanaloe.
3 '

' ‘5,”!:-'.,
PasnCl{PBEA), + KCUS
PHSn(CNS) (PEHA), + KC1
(HPBHA = Nephenyl-N=benfchydroxamic acid)s
Compovnds of the type R,SnXk (PBHA) have also been prepared

by Pradhon and Ghosh (92, 123) where R = Ph, X = C1, I, SCH;

R = Bu, X = SCN) through disproportiom reaction..

BnSpX, stntmsm-)z —_—p ziazsa*xy‘iimm.}

2

But Ph,Sn {sc21) (PBHA) has been prepared by the resction of

corresponding chloride complex with KCNS (124).
Phgsnf::l_ (PBHA) -+ KCNS

'phzsn (SCN ) (PBHA) + KCi.
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Pradhan and Ghosh (92) have shown that pentas coordinated.
Slopganotin halide Nephenyl-N-benzo hydroxemates disproportionate
to the more stable hexa coordineted &in compevnds when refluxed

with non polar solvent 1ike benzene mr long Lines
PhySnX(PBHA) ——p thm{_(?m-mig + Phssn}:

Awhexe X = C, sCWJ,

Howsver in polar solvents like methanol, Ph,SnX (PBHA) wvas
found not o give any triphenyl tin halide and PhSnX(PBHA), instead
snother hoxe coordinated compound phepyltin halide, Mothoxy Ne
phenyl benzo hydrcaxamtca was found along with the liberation of

cne equivalent of benzene (92),

The met.ho::i:y compound was also dbtained when phenyl tin
halide bis-Nepheayl henzohydrowamate vas refluxed in methanol with
the iiberation of one mole of ligand (22).

in GH,OH
PhQSrL‘i{P’BHAQ | - B> Piﬁx‘ﬁ(;'ﬁ%.!s}{?ﬁl-m) + Csﬂﬁ

in c:rasoa o
'PhSnX(PBHME X PhSnXKOCHB)(PBHA) 4+ HPBHA,

Some mono organotin derivatives of hydroxamic acids was
prepared by Narula andé Cupta (124), They have synthesised Five,
six and seven coordihsted monc organciin derivatives of hydroxamic
acid, They have isollat&ﬁ the compounds of the general formulae

32319202142 N {RSI}L:a)zG' Z"“j-_,x-l = hydrerxamie acid ﬁerivative.*s}).
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‘Harrison et al (125) have prepared a mumcer of organotin
hydroxamates £ollowing the uswal procedures (87,85). These campounds
are of the ﬁgpea .stnlaz {where R = Mo, *1-83, ne0ctyl, Fh and LH =
Nebensoyl Hephenyl Ehyércxylming) ° Rgszﬁﬁa (whers & = Mg, X = Ci,
Bx, I) and Répl, (where R = naBul.

Chandhuri, Roy and Ghosh (126) also synthesised organoctin
hydrowamate of the tyse Rzﬁzﬁnz v RoSls and RenxL, (where R =o
mathyl, butyls X = C1™, Br y T s sc:ﬁ;_ and Li{ = Nephenyl pwchilozo
benzo hydroxamic acid) and nine new organotin Nephenyl p-nitro
benzo hydrm:amacs {127 of the types RSk, and R,Sn¥l (zezhom
R = methyl, butyi; X = C1, By, 4, SV af LH @ Hepheaylep-nitro
benZo hydroxamic acldi, Thess compounds have been charncteriSed on
the basis of thelr e=lemental analyses, molar conductancs, IR and

PMR gpectral datas

They have alsc synthesised (i28) two mew ligands viza oxalyl
big Mephonyl hydroxamic acid (L) and cxaiyl bis Hepwtolyl hydroxamic
acid (L'), These have been used to prepare some new types of

organotin coo_i‘dinaticm compounds,

(Ras_n)zn, R = pheny:s,a,__ (_sassnizh' (R = phenyl,
eyclohexyl), (R, Sk )n

(R = phenyl, butyl, benzyl), /7 (R,5nC1),L 7, and
VA CR,8nC1) 1.° _72 (R = petolyl), Some of these derivatives are
polyreric in nature,

Recently 3 serdes of organotin derivatives of hydroxamic
aclds derived f£rom succinyl glutaryl and adipyl chlorides have

been synthesised (129),
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3ome of these hydroxamic aclds behave as tetradentate ligands

H_._.__.

R = H, C'H._}' s R’ = phenyl, benzyl, butyl

R¥ = phenyl, benzyl, atyli, Cl.



21

while some of these behave as double bidentate ligands, Gede

R%’©—N-O i
\ Sln—[-_é//
| c=0-" 1,
R
(H—C—H),
PN =
9.-—0\&8' o
"} —
s

The organotin hyﬂfoxamates have shown geéé.bieéidal

properties, which will be discussed later,



SCOPE AND CEJECT IVE



- From earlier discussions it -c':anj be seen that substituted
hydroxamic acids yield a munber of organotin devivatives. In ﬂzese
derivetives, *i:he hyQroxamic acids behave as bidentate, doubly
bidentate oxr tetradentate ligands, Q.ds |
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R = Phenyl, p-tolyl

R' = phenyl, benzyl, methyl, bubyl, C1,

= 2'3_, 4.
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But so far no organotin hydroxamates has been isolated,

vhere hydroxamic aclds behave as tridentate ligandse. Nehydroxy

suceinimide and Nehydroexy phthalimide have three coordinating

rogitions availgble, though they may not behave for an ideal

tridgentake ligands dug €0 steric reasons.

CHQ—*—wﬁ

ﬁ
C
\ N
T @C/
CHp—C |
| 0
0

{(Nwhydroxy succinimice)

N-— OH

{(Nehydyexy phthalimice)
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In the present investiocation, it was proposed to investigate
the organotin derivatives of thydrcmy succininmide and Nehydroxy
phthalimide %0 see whether cdordinated chelate compounds involving
_ coordination from tne of two carbonyl Sroups can be cbtained,
with simltaneous repladement of the proton of the N-UH ‘groupe. In
such case, one would expect, the other carbonyl group may not be
involved in chelate formation. In coordination from both the carbonyl
cvoups takes place, the resultant organctin derivative will contain
a tridentate hydroxamic acld ligands. In case none of the carbonyl
group coordinates with the organotin moiety, the resultant compeound
may result as an ester of hydroxamic acid by replacing the proton
of the N=CH group. For stolchiometric reasons, there might be a
possibllity of the formation ‘cf distanneryl derivative of N—hydrdxy
hydroxamlc acids. Results ;’se Far cbtained indicate moncmeric trl
organotin Nehydroxy succinimide or N-hydroxy phthalimide could be
obtained, where as dilorganoctin dexrivatives yield polymeric stannoxane-
derivatives, In all casés, none of the carbonyl groups of any‘of'

these ligands a:_, Tiprovide significant intramolecular cooxdination.
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Tin was estimated gravimetrically by conversion to Sn{Iv)
exlde and finelly to volatile stannic iodide, gsgentialiy by the

method of Vanéex‘ﬁezk and Luijten (130).

Analyesis of the compounds £or carbon, hydrogen and nitrogen
wepre carried out at Regicnal Sophisticated Instrumentation Centre,
Punjab University, Chandigarh and Central Drug Resecaxch Ingtitute,

Luczmw;

UV spectwal data were taken in Shimedzu UV - 160

Spectrophotometer, "Uvascl” (Merck) methanol was used as salvéntg
Conductance measurerent have been carried cuk in PYE UNICAHM
conductivity meter (PW 9309) using "Uvascl®” methanol.

The infrared spectra have been taken in the range between

4000«500 emt

for most of the compounds vsing Beckmann IR-20 and
Pye=-Uilicam=-3P=3005 infrared spactrophoiomster equipped with K3x
optles and mulling the compounds in nujol. Few IR spectra have

i

also h&en_recaxﬁed in the range bobween 4000-200 om — at RSIC

Hozrth bast H1ll University, Shillong, Mechalaya in PERRIN ELMER

FoT¢ Infrored spectrophotomster (error limit = + 5 cm"i).

The following skbreviations have been used to eXpress
the intensity of the IR sbsorption bands:
| V.8, = very strong, S = strong, m = mediuvm, w = weak,
L = broad, sh = shoulder, h = hﬁmp, nujol haed peakg at
30002800 cie (VaSi) 1460 cm > (s), 1276 cur {m).
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Some ‘W NIR have been vecorded in VA=EM=390; 90 Mz NMR
Spectrophotometer at RSIC, ¥orth East Hill University, Shilleng
using CBCl, and in some cases PM5O0-d. as sclvent,

13(:, 1198:3 and some 1!-1 NMR spectral éa_ta were obtained

The
{through the courtsey of Dr, D.J, Greenslade) with Bruker WP 80 5Y
Multinuclear 80 MHz FT NMR Spectrophotometer and JEOL PMX 60
sT ¢ ' Spectrophotometers at the Department of Chemistyry and
Biological Chemistry, University of Dgssx, Colchester, U.K.

CRCl, was used aé the golvent and TMS as refervence unless otherwise
mentioned., In case of -119511 NMR gpectra chemicsl shifts were recorded

against tetramethyl tine.

Preparation of Starting Materisliss

A1l the solvents viz benzene, petrocleum ether (boiling
range 60°%=80°C), chlorofomm, diethyl cther, methanol eic. usad
in the experiments, were purified and dried according to the methods
deseribed in chei"s Practieal Organie Chemis‘ciy (131}, Tributyl
tin oxide, dibutyl tin dichloride, dibutyl tin oxide, dimethyl tin
oxide, triphenyl tin chloride, diphenyl tin dichloride and Nehydroxy
phthalimide were Alfa/Fluka products, and were used without further
purification in most cases. All the melting points reported here'

are mwmoeorracted,
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le Libenzvl tin dichloride

Divenzyl i:in dichloride was. prepared by the method of
Sisaiido et ai (132). It was recrystalized from ethyl acetate and
dricd in air. '

©omp 161 /T1it (132) mp 164°¢_7

| % Analyses -:Et?r Cl 4.1-11 4Snc;2

Found C 44,95  H 3,60

Caled C 45,10 H 3.76

L

24 Diphenyl tin Dichloride

Riphenyl +in dichloride was prepared by the method of
Gilman et al (133) and was reerystalised from pet cther. It was
air dried and had mp 42-44%C (L1t mp 43-43%).

3 Riphenyl tin Oxide

Peolymeric diphenyl tin oxide was prepared by the reaction
of diphenyl tin dichloride with 50% excess of NaOH as described
by MeLean. This was dried in air and finally in vacuum at room

terperature for 12 hours.

4e big (Triphenyl tin) oxide

It wazs prepared by the reaction of triphenyl tin chloxide
with 50% excess of NalH, as described by Mcilean et,/ al._a,-"r(isé}. It - / /
was dried in aly and £inally in vacuum at room tenp;araium Lo
12 hourse.

mp 122-24°%C,
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e Sucecinic An@gdride

Succinic anhydrlide was prépaxe& by the msthanol described
Sendler and Karo (135). To a fidek equipped with 2 reflux condenser
topped with a tube leadling in én HC) trap is added 118 om (1.0
moles) of suceinic acid and 235 gm (215 ml, 3.0 moles) of acatyl'
chioride, The contents are refiuxed for 2-2 hours, cooled, the
anphydride filtered, washed Lwice with 75 ml of cold ether, and
Aricd uvnder reduced prespurz to afford 92~95 gm (93-9%%), mo 116%

119 {11t 112-120%C),

Ce NeIlydyvony suceinimide

NeHydroxy succinimice has been prepared following the method

of Kung~Tsung Wang et al (136,

A fFreghly prepared solution of sedium {6,70g, 0429ig
atoem? in methanol (100 ml) was poured into a stirred puspension
of finely ground hydroxylanine hydrechloride {22.2g, 0.291 mole)
in methanol {100 ml). The mixture was refluxed on a steam bath for
15 minutes, chilled in an ice hath for 15 minutes and filtered
o raemove precipitéted sodium chloride, Succinic enhydride (22.,1q,
04291 mole) was added in small portions over & several mipnute period
to the stirred hydroxylamine filtrate and the resulting liguid was
boiled for 2 hours. Excess golvent was ramoved by distillation,
tolune (1200 ml) was mixed with the visccus N-hydroxy succinimic
acid and refluxing was continuved for ancther 4 hours. During the
period, a Deane~Stark Water separator was usad to eollect a mixture

of methanol tolume wabter (200 ml). The hot solvent was decanted,
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end on standing deposit,éd erude Ne-hydroxy suwesinimide, m 86«92?6.
The residual solid in the regetion £lask was extracted with a
cenbination of tolune mother Liquor--aaﬂ methyl ethyl ketone

{100 m1) and on concentration and coéiing afforded a second crop
| OF pxbﬁuct. The comoind was :E'urﬂ'le'zj @érystaliaeé f£rom cthyl
acetate to £ind 16,5y {49%) of white flakes mp 97-987%C,

Z1it (136) mp 08¢ 7. |

Irportant Infrared spechral data (o™ )

s3000{b}, 1775{s), 1700{b), 3420(s), 1365(s), 131ic(w),
1z20{b), 1070(s), 995Cs), 8i0is), 719(2), 645(s).

7  Tributyl tin m—}::gdmé':y phthalimide

N=Hydroxy phthalimiéé {652 mg, ~ 4 memoles) and big trd
nebutyl tin oxide (1.192g,~ 2 m.moles) were taken in a 250 mi
- round bott;oml £lask, 150 ml benzene was poured in it. The mixture
was refluxe:tg for 4 hours with a Dean Stark Water sezparaﬁor. The
cc‘slcsuz; of the éoluﬁion gjraéually c:ﬁangeé to deep yell&?. The
reaction mixtuzée was cooled and filtered. The clear yellew f£iltrate
wasg concentrated to sbout 15 nl.@n keeping overnloght, ﬁeep yellow

crystals appeared.
{(Yield =~ 70%)

The erystals were dissoldved in minimam volume of cohl omﬁom.
.wamed and then a fow drops of methanol were added, A rallow
-crystalline rrocuctk appoared, The conpound was furtheyr purified
by repcated crystellisation fzom chloroform sethanol mixture.
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The compound meltied at B6-877C,

% bnalysis for C20H§103N5n
Found ¢ € 52.21 H 6467 N 2,89 Sn 25.84
Caled 3 C 53,09 H 6,85 N 3,09 Sn 26,32

Inportant Infrared Spectral data (cﬁ'lls

1770{m), 1700{s}, 1300(s), 1200(s), 1170{w), 1100(m),
1030(m), 99%0(s), 700(s), aoo-th."?m(s), 680(w), 620(w).

Be. Trighqul_tin Nfggdraxg_ghthalimide

NeHydroxy phthalimide (652 mg: ~ 4 memoles) and bis
(criphenyl tin)oxide (1.432g,~ 2 memoles) were taken in 150 ml
benzene in & 250 ml round bottem £lask. The mixture was refluxed
for 4 hours with a Pean-Stark Water Separator. The colour of the
reaction mixture changed o yéilcw. The rezction mixture was
alicwed to ewol ond filtered. The filtrste was concentrated to
shout 10 mle Yellow crystals appeared on keeping the soluticn
overnight, :

{Yield =~ 55%) |

IThe conpound was purified by‘rapeated erystallication of
the product Sfrom chicrofomm methanollndxturea It was dried in
vacutne

The compound was found to melt at 115«116°C,

%% Analysis for 624H1903N$n=

Found ¢ C 59,85 H 3,80 N 2,55 8n 22.86
Caled ¢ C 60,93 H 3271 N 2,73 Sn 23e24.
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Impoxtant Infrared Spectral Data (L),

1770w}, 1690(s), 1190(m), 1160(m}, 1080(m), 1020(m), _
1000(wl, 990(s), 890(m), 790}, 740(s), 700(s), 660(m), ,

% Tricyclohexyl tin Nehydroxy phthalimide

A mixture of twicyclohexyl tin hyérox-idé {(1.54g5~4 m, moles)
and Nehydrey phthelimide (652 mgi~ 4 me moles) was takten in &
250 ml round bottom flask, 150 mi-benzene wes poured in it
Reflu::;l.ng was car;ied 'out ﬁm‘: 4 hours ag described carlicy. Dﬁring
refiuwwing the golour of the selution changed to yellawl.. It was
coolad an® filtered. The filltrate was amceﬁtramd oA, 15 mi. Pale
yeliow cryscalline proeduct appeared on kesping overnight. The pure
compound was cotained by repeated crystallizations from the same
solvent and it was &ried in vaouulie

(¥iedd =~ 60%)

The compound meited at 195-06°C,

3

s s L

.%._Analyﬁis f_or CQ 61—13?0 N3nas

Found 3. e 57,94 H 7,06 N 2.56 Sn 22,02
Caled 3 C 58,86 H 6,96 N 2,64 ©Sn 22,45

}_r_@artant Infr_axéd Spectral Pata (cm"'g')a‘

1700{9), 1610(mY, 1540(s), 2300(m), 1250(m), 12180{s),
1110(s), 1000{m), 0500w}, 1000(m), 950{m), 900(w), 720(m),
760(m), 7008¢s), 550{m), 650(w).
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10, Tetramethyl 3133 di Nehyvaroxy ?hﬁhalimiﬂo distannoxane

{p c&m.eric) &

A mixture of dimethyl tin cxide (860 mir~ 4 w. meles) and

Nehydroxy phthalimide {652 mgr ~ 4 me moles) was taken in a 250 cuc.

round bottomn £lasks 100 m} hengene was added o lt. The mizbure was

refloked fo¥ 3 hours using a wabter separatorzs The colour changed to

yellow. The rxeaction mixture wasd fliktered hot. The filtrate wag

ccncentrated o~ 15 pl allowed o sband a Zowr minutes. Yellow

powdery substance apptared, The conpound was nrectically insoluble

in cormon orcanic solvents, It wos weshed with hot benZene several

tires and dried in vacuum.
(Vieid s~ 604} |

The compound decompesed atb 230‘»28290,

% Anslyses i'?::ar Cogly 00.;,_1'3%?:2,, s

et

Found G 37,74 H 2,95 N 4,10

Calead 3 . ¢ 27,61 H 3,43 N 4,38

Inportant Infrared Spectral Data (em )i

81 37,12

Sn 37,30

© 1763w}, 1677(s), 1i81(eld, 1152{m), 1083(w), 1077(m),

og4(s), &92(s), 786{m), 776{m), 696(m}), &71{m), 627{m), 607{m),

504(m), 521l{m), 500(m), 498w}, 4410w}, 3810u).

1le ZTegtrabubyl 1:3 di Nehydreoxy phthalimide distannoxane

(Polviexic)

A mixture of dibutvl tin oxide (996 mgr 4 m.moles) and

Nehydroxy phthalimide (652 mgr~ ¢ me.moles) was taken in 2 250 mi

mmd bottom £lask. 150 ml benzene was added to it. The mixture

was refluxed for 4 hours eguipped with Dean Btark Water Saparator.
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Then it was cooled and filtered. The filtrate wes concentrated to
~25 mle The orange colourad golution yielded an yellow white
powder (A) on standing £or an hour, which was f£iltered. The product
coculd not be -;pu::if_iad and characterised, The Jeep orange filltrate
was képt overnight, ‘€rom which orange crystals (B) asppeareds It
wag recrystallized from chlofoform-u@thanol mixture and was driled
in vacuum.
| (Yield =~ 70%)

The malting point was gound 210°%C,

7% Anallyses.f-:}r ¢32H4 40.71325112 nl

Found ¢ - C 47,77 H 5,65 N 3,43 Sp 29.62
Calcd . C 47.63 H 5,45 N 3447 Sn 29,52

Importent Infrared Spectral Data (ci) s

1761{m), 1697(s), 1359(s), 1202{m), 1264(w), 1182(m),
1156(s), 1082(m), 1040(m), 2016(m), 9280(m), 921(m), 890{w),
176(m), -700{s), 684(m), 654{m}, 576({m}, 522(m), 497w}, 460{(w),
3070e), 372w), 3840w}, 289Gs).

12 Tri butyl tin Nehydrowy succinimide

N-:Hydmky succinimide (460 mgy ~ 4 memoles) and big -
tributyl tin oxide (;..1925;:/\/ 2 memoles) were taken in a round
bottom £liask, 150 mi benzene was poﬁrec'i in ite The mixture was
refluxad for 4 hours with water separzkor. The reaction mixturve
wasg écoled and f£ilteged. The £iltrate was concentrated to about

15 ml and kept overnight, A white product appearede



IR spectrum of reaction product of bis (Tributyltinloxide and N-hydroxy
succinimide {nujol)
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C NMR spectrum of Tributyl tin derivative of

Nehydroxy succinimide (in CDClj
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The compound decomposed ab N'?ee(:,
Moreover the compound deconposed when kept even in a vacuum

desiccator. The elemental analyses indicated the impure nature of
the c:cmpman& due to its unstable naturce.

% Analyses fcsr: c:i. H3 QENSn 5
Found L S € 45,60 H 610 1 2,18 Sn 27.33

Caled @ C 47.52 H 7467 N 3,46 5n 20.45

Important Infrared Spectral Data (em™t)s .

1680(s), 1570(s}, 1220(m), 1100{m), 1060(w), 1040{w),
060{w), ssolmd, 830{wl, 780{wl}, 710(s), 670(s), 6i10{w),
The 12, 3¢ ana %pn R spectra indicated impure nature

of the ccmpounds

13+ Iriphenyl tin Nehydroxy succinimide

A mixture of kig (triphemyl tin oxide)(1.432g7 ~ 2 me.moles)
and Nehyaroxy succinimide (460 mg:rw& me moles) was teken in a
round bottom fiask.' 150 ml bensene was poured in its The mixture
wag stirred for few minutes and then refiuxed for 4 hours with a
Dean Stark Water Separator. The reaction mixture was allowed to
cool and then filteradas The filtrate was ¢oncentrated to zbout
10 ml. hept ovc.rnight, white cxystall...ne product aropeared.

(viedld = 60%)

‘The compound was purified by repeatsd grystalliszetion £rom

chloroform mathanol mixture. It was dried in alr and £€inally in =

vacwum desiccabor.
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The conpound was found Lo melt at 112°b.

3 Analyses_fcr 822H1903Nmn |
Found 3 C 564,15 H 4,10 N 2.87 Sn 24.98

caled 3 56,89  H 4,09 N 3,00 Sn 25.64

1), v

Important Infrared Spectral Data {om”

1785(w), 1705(s), 1315{w), 1290(w); 1230(s), 1150w},
11004{s), 1020(s}, 1000(m), 840Gy}, 750(=2), 710(m), 670{(m).

14, Tetracgvelohexyl 1:3 di N=hydroxy sucecinimido distannoxane
{Polymeric)

A mixture of tricvelohexyld tin hydroxide (1,54~ 4 memoles).
and Nehydroxy suceinimide {460 mg: ~ 4 m, moles) was taken in 250 .
ml round bottom £lask, 150 ml benzene was powred in it end refluxed

i
P
o

for 4 hours as describad carlier. It was cooled and £iltered, the V.
£iltrate was concentratad to ~ 15 ml, white crystaliine product | 3
appeared on keeping cvernight, Repeated crystallisation £rom
chloroformenethanol nixture yielded a compound having a meliing
point 150°C,

{Ticld =~ 595D -

% Analyses fox c32H5207N23n2 3

Found & € 47,10 H 6,26 N 3,60 5n 29.39

Caled C 47,17 - H 6,38 N 3,43  Sn 20,23

/

.ﬂ/‘
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=i,
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Important Infrared Spectral Data (cm 1} :

1780(s), 1660(s), 1300{w), 1250(s), 1180(1:), 1090{m),
1070{m), 1000(m), 8000w), £20(m), _730(s>. sace(w)-. 4806w,
a75(w),; 3200w), | | '

15, Tetramethyl 133 dd Hehvdroxy aucc::!.nimidm a1 stmnmme
(Polvmeric) -

Dimthyl' tin exide (660 mgr ~ & memcles) and Nehydroxy
sucé-inimida (460 mgr~ 4 memodes) were taken in a 250 ml round
bettom flasks 150 ml benzene was poured in it. The mixture was
stirred for fow minntes. Then it was refluxed for 4 hours with
a Dean Stark Water Separator, The reaction mixture was :‘:'iltercad
hots The £iltrate was concentrated %o gbout 15 ml end was allowed
tb gtand ¢ powdery substance very licht pink in colour was appeared.
The solubility of the product was very poor in common organic
solvent. It was washed with hot benzZen® and dried in vacuum.

(Yieid =~ 55%)

-i‘he compound decomposad ak 180007 °

% Analyses fox Ciz i Uﬂ qgonz $

Found 3§ c 26_._43_ H 3,30 N 5.2  5n 44,18

Calcd ¢ C 26,56 M \3“@1 N 5,16 Sn 43,91
Important Infrared pcctral Data (cm 1)

1770(m), 1670(a), 1300G), 1250(s), 1210%), 1000(s),
1060(m), 1000(m?, 800(m), 750(m), 675(m), 610(m), 576(s),
535(w), 460{w), 300Gs),



IR spectrum of Tetramethyl 1:3 di N-hydroxy succinimido distannoxane
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16. Tetr 1 123 A1 Nel dm suceinimido ﬁi gtannoxane
{Polymric)

A mixture ¢f dibutyl tin oxide (996 mgr~ 4 memoles) and
Nehydrexy sucesinimide {460 mur ~4 memoles) was taken in a 250 C.¢
round botteom £lask., 150 ml benzenc was poured in it. The mixture
was then refluxed for 4 hours using a watex_: separator.e It was then
conled and filtereds ‘I’he ﬁ'iltrai‘.e' was then concentratad to ~ 310 m
ané kept overnighte. A white crystalline pr ceuct apreared. It was

recrysm.allisea from chlorofozmumethanel m_xture. The product was
dried in vammm.

(Yielﬁ =~ B62%4)

The puare aompounU-melﬁed at 140,

. 9 Analy.is J-Or c24 4407Ngsn2 :

Found &t € 20,49 H 6,006 N 3474 Sn 33,17
Caled ¢ c 46.56 H 6419 N 3,94 Sn 33,52

#

Imper!:ant Infrared Spectral Data (cm J

1780(s), 1690(s), 1240(a),_1ogo(s), 1000{m), 290(m),

820(m), 735(m), 670(s), 620(m}, 580(m), 560(s), 440fw), 380%w),
3006w, |

Some attempted reactions:
Reacticns have ‘also been carried out with dibenzyliin
dichloride, i,ribcanzyl tin chloride, C.‘.'i. 250 (cH GHZCQOCH ) e

5¢H{Snc1 L34 coc6 g and Nehydroxy phthelimide and also with
N-hyd:my suecinimide separatelys In most of the cases a gummy



(AEDI) SURXOUUR]S TP OPTWIUTOONS AXOIpAU-N TP €37 TAangeaysy, o ungioads bend

ole; b . _
[T|+|D § + v 4. DD“ : -k -+ Dthw i . ) DDDM. Q
; 2 e e L.
ﬂ !
y - P !
__ i b |
N P P __1__:
__ _ __. . ' F I
AR F |
¢ L | ; | |
“- _._ J ' I __ ! ___
"” _“,_ w _ _m 1 | __" _____— | __ R
i __ﬂ_,.h__,__ _ ! ! P a VRN
; i | ; 5 ) | \ f
."_ A \ | ,_
_ __._ .____ ; “_ \, .. é; R 4 4__ _, e _ ___/ A \ //
. f a oS ' | ) v
' _, 1," ! C/_, _:\_. ¢ " \h __ / J H\ .
1 N ,__ : o ﬁ\,cm ”r\ 7 ’




4600 ' ' 30 T 705 506 1606 TR 60 ©66 ~  BOO 600 508 - 3400
AR o

IR spectrum of Tetrabutyl 1 : 3 di N-hydroxy succinimido distannoxane (Nejol)

Lore L r



.?
a'
fi-

a8

procmct acpearedg From which no pure product can so far be iaolated.;

in sén-e cases sterting materlals were recovexed unchanged indicating

f’

no z:eeaction took place.

[

i

in ti.he fellowing toble &

"1 The gesiults of the sbove said reactions can be sunmarised

Organotin compounds Ligamd Result of Reastion

1. Dibenzyl tin Cumy profnok
dichloride .

2+ Tribenzyl tin Nehygroxy . Gummy product
chloride phthalimide

3. CL Sﬁ {CH,CH,CO0CH, ), Roactants recoverad

' e 12 H2 372 w:changeﬁ

4, C H CH(SnCL, )CH,COC, Reactants recoveped
&5 s Celly roastents

S5« Dibenzyl tin, Gummy product -
dichloride _ ‘ :

Ga Tribenayl in Nehydroxy Gurny product
c¢hloride suceininide

e Sunmy product

Ci 2?” (mizc:ﬂzcom-zs )__2

c 61-1501-1 (Snﬂls Jc::zgc;m s

. Gurmy product
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MOLAR CGNDUCTI%NCE OF_SOME OF THI CCEJIPOUNDS

Tczmp. 25 C Solvent Methanol
Corpound Mslar-ConaEctance ()
Mho o :

Triphenyl tin Nehydraxy 23466
phthalinide :
Tricyclohexyl tin Nehydroxy 24,12
phithalimide '
Tetrabubyl 133 ai Nwhyardxy phthalimido 25450
digtamorans .
Tributyl tin Nehydroxy succinimide 1710
Triphenyl tin Nehydroxy . 18,80
suceinimids _

1:3 ‘
Tetracycichexyl di Nehydrooty 15.60
suceininido distannoxans
Tetrabutyl 143 41 N-hydroxy 15420

uuccinimido 4l stagnoxane

These molar conductance values indicated esscntially

non ionic nature of these compounds.
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TABLE II

Iy NuCLEAR MAGKETIC EESONANCE SPECTRAL DATA

Compound Chemical shift (5 )

Aromatic Allyd Uthexs

protons - - protons
Nwliydroxy phthalimide 7o 64 (%) 10,64(c)

(OH-proton)
Tributyl tin Nehydrowy ge3(k) 1.364g)
vhihalinide 1+3%2 ko
2.0_9 (’2@@)

Triphenyl tin Nehydroxy 7+8{m)
vhthalimide 8.28({q)
Tricycivhexyl tin . 7485{m} | 1.65(comp)
NehyGrony phthalimide '
Tetrabutyl 123 7478 g:9(%)
d4 Nehydroxy phthalimido ' 1e36{comp)
di starmoxang 1.80(a)
Nulydreny 24607 3.8{h}
succinimide : {CH~proton)
Triphenyl tin Nehydroxy 7.5{?3 2e46(s)
suscininide 7« 75(%)
Tetra-eyclcheﬁyi 4¢3 2e8(s) i1e3(Q),
di Nehydyroxy 1.65(&)
suceinimido di _ i.8{ag)
stannoxane
Tetrabutyl 133 di G.95{d)
Nehydroxy succinimido : 1e6{t)
aistannozane _ 2482(3)

s = singlet, 4 = douklel, t = triplet, g = qu&%%ét
dd = doublet of a doublet, comp = complex;l, m = multipleb, Hi=hump



+

CABLE TIX

3¢ NUCLEAR MAGNETIC RESCNANCE SPECTEAL DATA

Compound - Chemical shift (9 )
| Aromatic Alkyl ‘Carbons ;3.

cathon carbon . carbon
Neilydroxy . 122,86, 164410
phthalimide 128469, :
_ B 5442
Tributyl tin 122460, 134624 165,32
Hehyanoty 129,52, 17.88,
phthallimida . 133.62 27«11,

: _ 27.67
Triphenyl tin Nehydrogy 122474,
phthalimide 129.12,

129!61'

129,89,

130,51,

133,66,

136.95
Tetrabotyl 153 81 122.48, 13454, 164,84
Nehiydrofy nhthalimmdc 130,05, 26476, ‘
distannovxkans ' 133,18 2G.89,
NeHydrexy . o S 25,42 172474
succinimide _ _
Triphemyl tin .. 128,7%, - 245,25 172,80
Nehydroxy suceinimice 1390410,

330,55,

135,75
Tetrabutyl 123 &l 13«61 _ :
Hehydroxy succinimido 25,02, S 172,77
distannoxang ' v 26.75.

' -2'0;9-86:

27.53
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TABLE TV

L d

— el

119, MUCLEAR MAGSETIC RESCHANCE SPECTRAL DAT

Chemical shigt (&)

Compound :
Tributyl tin R-hydroxy ' . 181,45
phthelimide ' : '
Triphenyl tin Nehydroxy w545 33
phthalimide _ : '
Tetrabutyl 133 i Nehpdxoxy *164440 & «218.62

vhthalinido ﬁistanﬁoxane

Trivhenyl tin IN mhydpeRy . -4 44
stcainimide - '

succinimido dlstannocana

An attempt have been taken to determing the molocular
welght of these compounds following Rast's method, Camphor
(mp 178%¢) used =5 solvent. crymsécpic constant for Camphor,

X = 39, 7°%e
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In gome cases molecular welght by Rast method could not
be determined as those compoundswere insoluble in Camphor.
TABLE V
APPARANT MOLECULAR l*.!EIGH’I‘ DATA

Compound _liolecular veight

Found Calcd
{for monomer)
Trilutyl tin Nehydrexy | 446 452
phthalindée o
Triphenyl tin Ne~hydroxy 503 512
phthalimide |

Tricyciohexyl tin Nehydzoxy

"
phthal imide 855 530
Tetrabutyl 133 4l Nehydroxy | _
phthalinide distannonane 478 796
Triphenyl tin Nehydroxy _

- sueeinimnide 442 464
Tetrachyclohexyl 133 di
Nehydresy suceinimido 450 e14

distézzmmcana

 Petrabutyl 1353 &1 Nehydroxy _
suceinimideo distannoxane 452 J12
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In case of triorganotin dexivatives, these values indlcated
the monomaric nature of the compoundss But in case of di orxganotin
darivatives; the values cbtained by Rast method gave aonormally
low valusss In this connection, it may be refersed to gome eavlier
work / Considine et al (137)_7.. They reported that the ((36}*1_50)

{C 41y ) ,Bn=Cu5n(CH,y ), (0CH,) aissociates at higher temperatute
required for Rast method to cive lowey values for molecular weicht
of the -cempcunc'i. It is regretbed due 40 Certain Aifficuvities it
was not possible to determine the molecular weights of these
.con@omé‘s osmometrically which cculd give better ideas sbout the

nature of these compounds.

Reactions of Nel(hydroxy methyl) phthalimide with
dioraanotin oxides

1. Rime thg’i gg,g oxide ¢ Reaetion of dimethyl 'E:irz. onide and

N- (hydroxy mathyd) phthalimide was carried out in 15l molar ratio |
in renzene and was refluxed for four hours. The product isolated
from the resetion mixture was a white cxystalline substance |

{mp 180-81"@. The product was washed several times with chloroform.

The elerental analysféis gave the following resulis:

C = 56,51y H e 3.86; N = 3,81 and 8n = 27,08 pexcent.
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Important Infrared Spectral Data (cm)

35000k}, 3200{m), 17i0{v.s.b). 1190{m), 1160(s), 1070{s),
995(z), 860{m), 820(s), 750{s), 730{m), 540(m).

The compound was spavingly adluble in cormon oxrganic solvents.
As a result of which 1H, 3¢ ang 1195n NMR spectra of this compound

could not be recorded.

2e Dibutvyl n oxide t

. Reaction of @ilutyl tin oxide and Ne{hydroxy methyl)
phthalimide was alzo carcied cut in 1:1 molar ratic in refluxing
benzene for four hourg, A yhite crystalline profuct was isolated
{mp 19{3«.15320&:).. The product was washed with chloreform and dwied,

The elemental 'analysr;‘-is gave the followring datea,

]

Ce 51,02; He= 5,24; N = 1,98 and Sn = 32,83 percent.

The Infrared daté\ (Mujole -cm“l) ware as follows:

3490{m), 3200(m), 1720(v.s.b), 2380(s), 1320(s), 1i80(w),
1160{m), 1070(s), 330{m), B6O(m), 820{m}, 750(s), 730(sl); 660{m),
640{m7,

Yhe compound was also almest insolulile in comunon organic

i, 33 ilg

soivents, Hence "H, C and

Sn BMR gpectra could not be zecorded,



T

'IR spectrum of reaction product of Dibutyl tin oxide and N-(hydroxy methyl)
phthalimide (nujol)

Il
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From the elemental analytical data no reasonal mgledulai‘
formula for these compounds could be suggested. Moreover, the IR
spectra indicated presence of hydroxyl bands. Finally, no MR
spactra could be recorded for these compoundss Hence, it was nok
poessible to suggest the nature of these compounds &md therefore,
no further organotiﬁ derivative was attempted for N(hydroxy methyl)
phthal imide. | |

h
!
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bis (Driorganotin) oxides or polyimeric diorganotin oxices
generally react with bidentate 1iganﬁs(HrL) like A «diketones,
S=hiydrony cquinolines, substituted hydroxamic acids, diphenyl

carbazones, diphenythiocarbazones ete in the following manners:

RBSn - 0 - SnRS 4+ 2 an.a

!

2R33nL + mﬁgﬁ
_stn - G4+ zﬂn; —_— stan { nH20

(L = chelate ligands)

During the reactiocns botween hig (triozganotin) oxides with
N-hyézcxy succinimide or N-hydroxy phthalimide, it was dbserved
that the triorganctin dexilvatives of these ligands do not form
any chelated speciecs nor these derivatives contailn any Sn=L-Sp

bonds. These reactions can be illustrated as follows:

0
I
R3 Sn—— 00— SHRB_ + 2HO ‘_“”N\ E————_l;ﬂ
C-—.
|
O
0
i
A _
RIN—0—N  {+  pp0
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But the reactions of diorganoitin cxides with Nehydroxy
succinimide ox ¥N~hydroxy phthalimide proceeded in somewhat different
way and the~é:ganctin dezivativés obtained in these cases always

contain Sn=-R&Sn oonds and are probably polymeric in nabture,

0
1
C..._.._
nR3SN0 + nHO-— N, T
) N
I
0
0
T e—¢ R R 9 -
N, 1 ! P
)&-O~%w—0-5?-0——N
—¢ R R Ne—
R "

Q
-
|

The ilgsn gspectira of some of the diorganctin derivatives

indicated two'types of tin atoms in the compounds.

Organo stamoxanes containing Sn«U=Sn bonds are known for
last few decades. & number of organe stannoxanes have been
reported (138), The characteristic properties due to the Sn-O<Sn
bond was digcussed by Okawvara (139) for tetraalkylei,3 di
stannoxane C1R,5n0SpR,Cl and tetraalkyl 1,3 bis (trimethylsilosxy)
aigtannoxanes Me,5i=CR,Sn-0=SnR,05iMe.« The sbove compounds are
dimeric in banzene solution and suggested the presance of a four

repbered ring due Lo the coordination from the axygen atom bhetween
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two tin atoms of cne chain to a tin atom of the other chalne

bavies et al (140) reported thet the exhaustive hydrolyvsis
of dlaikyltin (IV) compounds R,SnX, (X = e.ge halowen or carbouylate)
under basie condltions gives the dialkyld tin ocxides RZSnO-which
are insoluble, amorphous, infusible solids apd ave usually regarded
as high polymers, If harever the roagction is cavryied out with a
deficiency of base or with a weak base at least two intermediate
hydzolyéis products R, 5n,X,0 and R%Snzx(ﬁﬁ)o could be isolated,
The compounds are usually hicghly crystalline, soluble and low

melting and hence appear not to be highly polymerics

The follcwing structure £or Réangxzﬁ, was assumed by

Pfeiffer & Brach (141)»

o X



5G

But Harada sn a series of paper (142~146) argued the case for a

cyclic oligomeric structure viz.
]

[RQSn
N n ok

where the tin has coordination nugbers of four and flve., There

micht be a third pogsibility of structure as shown below
RQSrﬁ{

—0 &ﬂﬁ{]
] n

Davies et al (140) confined the presence of nonwequivalence

of the tin atoms indilcaking the rejaction of ths struchures
suggasted by Pfeiffer & Brach, The other two structures contained

1193n magnotic mesonancag spectra of

nonweguivalent Lin atoms. The
the compounds Bu,Sn,C1,0 end Bu,Sn.Br,0 in benzene or cazion
tetrachloride at room temperature consisted of two brcaﬁ OVQ -
lagping bands of zoproximately ecual intensilty indlcating the
presence of tvo nom cguivalent types of tin atoms. The alkyl
Sroups also are eqﬁivalent in Pfeiffer structures, wherceas those
are noneequivalent in the other two structures. Davies et al by
PHR gpectra, showed the presence of two types of methyl groups in-

chloroform golution in gpproximately equal amounts,
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Compoundl of composition R 4Sné2{0 (CH) cbtained when +he
-dihalidé (R23n612J and oxide react in 1:3 mole ratio. These compounds
are usually steble, highly crystalline and soluble in organic |
solvents, The partial hydrolysis of XR,Sn0=SnR X also yield the
corresponding hydroxide XR,9n-0-5nR,0K. At the same time the compo s
formerly represented as RESnORQSnK(OHJ or R? (12.251'10)BfJR.,RZSzﬁX2 havef L
been found to be analogous to the ﬁisﬁannoxane. There are a wijge
range of compdunds known having compositions of type A(XR23n~0-SnRZX)

and type B (}mzsnnouﬁnﬁzem as repregented below,

Type A Compounds

KstnO@SnRZX}
b4 R | . Lefgrences
csifen,), CHy ,C 5, G H,,C yHy 147
F C 4%19 i48
ci ‘ CHy 4CH e o C ., C Hy 149,150, 148
Br Cyle Coll, o C 1, 150, 148
NCS CoHgs € H, ,C gy o 148,151
QCCR* (31-13‘.,(3‘&1-19 149, 150, 154
0CH ¥ CH, ,C 4ty y 154,156
Camphor sulphoxy C,H 5 ' 148
B «iiapthaxy C iy 156
X »Nitrosq- £ =napthemy CHE ,62 Hs : 187

OOR . 158
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Type B Compounds

(XR,SnOSnR, OH)

X R References

c1 CHy CyHge CaH, o C g 150,159

Bz CHy4ColgeCqlly e C g 150

I | CHy yColig o€ Hop oG yHy 150
NCS Cotig,C ol ,C Hy : 151
NCO - C g, C el 153
00CCH, C H, 148,159!

An Xmray crystal study of a type A compound, (CH3)38:1-=0-
(CHy ), SnmCuin (_C'7H3)208i(GH3 ?3 shoyed a dimevic structure containing
a four membered ring due ;t:o reciprocal coordination of an oxygen
atom between two tin atom'_s of one molecule to a tin atom of the

other molecule as is showm by the £ollowing structure *
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wherelR and X represent CH3 and Osi(CH3)3 groups respectively.

Molecular wéight determinations also showed that seluble
compounids of koth tyges A and B are dimeric in solution. On the
cther hand, compounds of the.type RBSnOSnRB as well as R,SnX,
are monomerie in bensene, A sulphlde anaiogous of type A molecules
Cl(Céﬁgizsnususn(C4Hg)2C1 is monomeric in benzene, From these
obsarvations, Okarara and Wada concluded thaet the dimerization
of A and B type compounds is asgoclated with the 8neCa8n linkage
and the important factor in the dimerization is the presence of

an anjicnic 1igand X, attached to the tin atoms,.

In the dimeric structure of type A distannoxanes there are
both tetra cooréinateﬂ'énﬁ penta coprdinated tin atomg and acCorde-
ingly,‘two dliferent kinds of svbstituents X, This difference is
evident in the reaction of AR,Sn0-SpR.X (X = C1, By) with an
axcess of organic base, such ag pyridine, One of the two substi=
tuents is selectively raplaced with formation of a corresponding

type B compounds (150},

The molecular weight of the cowmpouwnd in carbon tetra
chloride soluticon at 3?.5cb indicated the dimeric nature but at
higher tenperatures, evidence for dissociation was indicated by
the Rast method of moiecular weight determination, where a value
corresponding o the monomer was dotained fox

(CGHBG)(céﬁg)ESn-o.Sn(céng)g(GGGHS).'
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The NMR spectra obtained at various temperatures of tha
trinethylsileky compound revealed that the dimer dissociates.

in solution at high temperature (160).

"From the iﬁﬁrared sbsorptlion due to the Snml«H stmetchihg
vibration of the type B compounds {X = halogens), the presence of
hykirogen bonds can not assume iﬁ these compounds. These hydroxides
are gtable against condensation by loss of water even ab high
" temperature below the melting point. There are two pyrobeble con-

figurations £or the dimeric gtructurs of type B'compounds a8 shown

belows: -
/ RQ
K Sm— X Rg 7
Ry / R Sn——0H
HO—— S X G
y ————Sn—OH 00— S ——X
X~—Sn Ry  HO—SA Ry
Ro ~ Ro
(A) (8

The configuration A contains the hydroxyl group on the penta
coordinated tin atom while the configuration B ceontains hydroxyl

group is on the tetraz coordinated tin atom.
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The structure A is favoured ﬁpon assumption that, in the
partial hydrolysis process from type A compounds, the tin atom
which most easily undergoes substitution would be the penta
coordiﬁated one (150). Further, the existence of a stable hydroxyl
oxXygen to the tetra coordinated tin atom similar to that occurring
in dimeric {CH;),SnOH, |

The following, ladder type structure has been used to explainl

the infrared spectra of (SCN)stnOSnRz {NCs) and {SCN)stnOSnR OH

2
(which have all tin atoms penta coordinated) (161,151).

R Sn—NCS
. A '
SCN ——5n C '\
\\ A
! A
| L
1.1L \\
\\ . Q S \‘
' T on NCS
\\r
SCN; __gn/ Ry |

Ro

The ladder type structure has been confirmed by an X-ray

study of (CH3)3SiO(CH3)2sn-o-5n(CH3)2osliCH3)3 {162).

In the light of preceeding discussions we would now attempt
to discuss some structural aspects of some of the stannoxyl deri-

vatives isolated during the current investigation.
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1. Tributyl tin Nehydrogy phthalimide

The elemental analyses as indicated ezrlier showed an

empirical composition C?0H3103ﬂ8n,

Mol, wi, (Rast Method) Found 446

Caled {(moncmer’ 452

In Hehydroxy phthalimide, the «0i stretching freguency

appeared at 3168 ot

» but in the tributyl tin N-Hydroxy phthalimide
the ~OH freguency was totally absent, iﬁdicating,the substitution
of the hydrcxyl proton by the tributyl tin molety.

The carbonyl peaks of this compocund appeared at 1770 cm"l

and 1700 cnfl conparxed to the cagbhonyl peaks of N=hydroxy phthalimide,

which appeared at 1793 cm t (s) ond 1707 cm t)(ves.)s Though the
1793 cm“l peak of N-hydroxy phthalimide shifted scmewhat signi-

-l

ficantly, the more intense 1707 om ~ peak showed very little shifting

indicating the absence of significant coordination of the carbonyl

1 ana

group to the tin atom in the complex. Absorption at 1156 omi
1100 cm+ may be due to NCO coupled vibration.

The 1H HNMR spectrum of the cogpound was recorded at 60 MHz,

The'methyl protons of the butyl groups appeared at © 1.38 (OH)
while the remaining methylene protons appeared as complex patterns
betwean S 1439 = 2,9 (18H)., The aromatic protons appeared 7.9 -

£e25 (Arwat),
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_ The 125 NMR spectrum of H=hydroxy phthalimice showed arcmatic
protons at & 7,64 (A,r-éﬁ)ll and the hydroxyl proton at 6 10.6¢ {OH « 1H),

The B MMR spectrum of the tributyl tin derlvative of -
m»hyéroxy phthalinicde showed complete absence of hyd‘roxyl proton as
| _ expéctedq _

The 130 NMR gpectra was recorded for Nehydrony phthalimide
and also for the tributylitin Nehydroxy phthalimide. The 13(-‘-’ NMR
spectrum ¢f the Ii-whydr_cmy phthal_j.mic‘ie showad p:«;aks at & 122,86,
128,69 and 134,42 for arcmakic carbon atoms (CB,C4)¢. {02,05) andl
(c: c ) respectively while the carbonyvl carbon atoms (C.,,G } gavé
a s.mgle paak at o 184410, The corresponding 136‘. mm speetrum oﬁ

tributyl tin N-hydroxy phtnalimiua gave the following peakss
’Alipha-tic carbon atoms may be assigned a35 13.62. 17.88,
) s
27,11 and 27.87 for (€, 5.C) 00 Cigds (Cy4.0%, &Y gle (€54,C 5 & CYp)

9
as &S 122460, 129,32, 133,62 for (€,,C,), (C,,C5) and (G,,C.)

and (Gg.e-ﬂ’:’ & cg) respectively. Aromatic carbon peaks may be assigned

respectivelys

Carbényl'c:arb@ns at5165,32 Loz (C7,€383q

The carbonyl carbon atom of tributvl tin derivative appeared
at $ 165,32 compared to 1igaﬁc3 carbkonyl carbon atom appearing at
5'164.10.

Th 130 HHR '-pectrum and IR spectrum c:f bis (trn.cyclohexyl
tinl succinjl __j_._g Nephenyl hydroxamate showed strong ev.iaence of

chelate formations In T5C NMR spectrum showed strong shielding effect



58

of the carbonyl carbon atom peak at & 153.78 compared to carbonyl
carbon atom peek of the ligend, which appesred at & 172,08. Morcover,

in the IR spectrum the C zéilpeak appeared at 1585 Cm"i

in
contrast with C = O peak of éuccinyl,ggg Nephenyl hydréxamic

scid, which appeared at 1618 em <, In case of Aibutyl suScinyl bis
Nepn tolyl hydroxamate, the 138 NMR spectrum showed the presence of -
carkbonyl carbon atom peak at S 164401 compared to ligand carbonyl
peak at & 174.51. The JC wo stretching frequency of dibutyl deri-
vatives appeared at 1590 cm = coppared o 1615 om -t of the ligand
carbonyl peak in the IR specﬁra. The IR and 13C'NHR'spectra indicate
strong intramolecular coordination of the carvonyl group to tin
ztom, where the relevant peaks shifted significantly in IR and

130 HMR spectrae

But 1f we compare the sbove data with those of ths tributyl
tin Wehydroxy phthalimide and N~hydrosy phthalimide the question
of intramolecular ccordination of the carbonyl groups to tin atom
probably does not erise. Hence the tribubyl tin N-hydreg phthalimice
is not a chelate complex but 1t is most probably an ester type of
conrpounda

The 119.;;1 NMR peak for the tributyl tin Nehydroxy phthalimide

appeared at 8 181.44. The position of this peak indicated the tetra

coordinating nature of tin atom,

On the basis of the gbove data the structure of this compound

tentatively can be suggested as follows:
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0 80— 2CHoiCH, CHy B

2. Triphenyl tin Nehydroxy vhihalimide

Elemental analyses of this compound showed an empirical
formula of 624 19 3N8n, ]
#Mols wte (Rast method) Found 501, Caled (for monomer) 512,

Like the preceeding tributyl tin compound, the IR spoctrum
indicated the gbsence of -0 stretching freqguency of the ligand,
indicated the substituiion of the hydroxyl exdton by triphenyi
tin group.

1 ana ~ 1690(s).

The carbonyl peaks eppeared ak ~ 1770 o
Here; also a marginal shifting of carbexy pesks occurred, though
significant coordination of c@ﬁbonyl ogrouwp o the tin stom might
be #bsent. The poaks due to phenyl droups appeared at appropriate

~l -1

positions,s The peaks at 1160 em ~ and 13190 ¢m ~ may be due to NCO

coupled vibration.
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13C NMR spectrum of Triphenyl tin N-hydroxy
phthalimide {in C'IBCIBJ
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The 1 MR spectrun showed a group of pesks at d 7.6 = 8,07
Be04 = 3416 and 8,45 = B.80., It was not possible to assign ligand
avomatic prﬁécns an@ tin aromatic protons in a conclusive manner
from the spectrum obtalned. However, the spectrum showed dosence

of hydroxyl proton of the ligand in the triphenyl tin derivative.

The 1% amm spactrum cbtalned was not desirxed quality. It
dié not record any peak for carbonyl carkbon atom, probably due to
weak intensity of that peak. It however, shoired seven peaks for
aromatic caxbon atoms at é122.74, 129,12, 129.61, 129.89, 130,51,
133.56, 136.95, Assignment (164) may be made as £ollows
(cn,c13 & stel, (ci,-(::6 & eteld, (cz,cs & etcl), (c12 & ete),
(€46, & eta), (C;,,C,, & ete) and (G, & etal,

- In absence of the carbonyl carben atom peak it is not

possible to comment on the coprdination of carbonyl group to tin

&

atom;
The **%n MR peak sppesred st § -54,33 Gue to the tetra
coordinating nature of the tin atom in this derivative,
Hence the suggested structure of Triphenyl tin Nehydrexy
phthalimide may be Indicated as followss |
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3a Tricyclohaxyl tin N-hydro:qr ph'i:halm&e “}1

The elomental =analyses swagested the empirical c%mzposition
cF the compound c2 6H370 NSn. .;':'-{‘:1' \| \ -

o i\

Mol. wt, (Rast method ) Found 555 Voo 5

Ay

Caled {(monomer) 530,

The IR spectrum showed the absonce of «~UH strei:chﬁpg
frequency of the ligand indidating the substitution of the hydroxyl
proton by tricyeiochexyl tin group.

The carbonyl peak appeared at ~ 1700 <:m"'1(s}. The shifting

was negligibly small in comparison with the ligand major carbonyl

peak which was found at 1707 om 3’. Hera also Tost probably there

was no coordination from the carbonyl group to the tin atom, The
peaks at 1165 and 1180 om >
The M NMR spectrum showed a group of complex pzaks in the

may be assicned as NGO coupled vibration.

region S1.0 to 2.4 (for 33H), The arcmatic protons appeared in the
ragion Of S 7.6=843 (for 4H) as conplex p'attern.

It was npot posaible to obtain 3¢ and 1198n spectra for

this compound,

Hence comparing the other triorganotin derivatives the

following structure can be sugcested,.
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4., Tetramethyl 113 di Nehydroxy phthalimido distannoxeane

{Poivmeric)

The elemental analyses indlcated an cmpivical formula for

the compound C20H2007N25n2$.

hbseénce of the ~Gi stretching frequency supported thé removal
of hydroxyl proton by the dimetinyl tin moiety. The carbonyl peaks
appeared st 1762 cmv and 1677 (vess). Theze was some shifting in
tha c¢arbonyl ﬁ&éké. So thers may be some kind of carbonyl cooxdinaw
tion, intramoleculayr or intesmaclasulsoe,
1

At 1181 om~l end 1158 cmt the bands appeared may be due
£o M~CO coupled vibration. An additicnal band appeared at 594 om™=
due to BneCwin bond. $n=C stretohing frequency obitained at 500 cﬁfl.

1 i3 i9

H, "C and 5h MR could not ke recorded dque to very noor

solubilivy of the compoundé in organic solventse
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5, Tetrsbutyl 1$3 di Nehydrowy phthalimido distannoxsne
{Polymeric)
From the elemental analyses the suggestive empirical compogie

tiofi of the compound was C32H4 Py AP

Apparent molecular weight obtained (Rast method)

478, Calcd 756,

Like earlier cases, there was no CH stretching frequency
in the IR speatrum of the compound which was present in the ligand,
So the proton of the hydroxyl group was replaced by dibutyl tin

GTCUR

The carbonyl stretching frecquency bandsg appeared ab
1761 cm"l and 1697 cm"l. In comparison with the ligand carbonyl
peaks there was only a small shift.

The N=Ce0 ccupled vibration may be at 1182 cm"?" ard

1156 oot

. -t
The peak at 5376 am ~ 415 due to SneU=5n Hond,

$n=C stretching frequency appeared at 497 cmt.

24 MMR spectrum showed peeks at S 0.90(t} (for 12H) and

from S 1,10=2,05 (for 24 methyl protens). Aromatic protons appeared
in the regiond 7.58-7.80 {for 8H), The spectzum showed that the
hydrexyl protong ig tobtally absent Hers in the compounda.

in the i3

C MR spectrum methyl carbons {612, ete) appeared
at d 13454, other methylene carbon peaks may be assigned {163) as

826,76, 26489 and 27.52 for (Cq & eta), (C,, & etec) and (C,, & etc)



AxoIpAu-N TP € ¢ T TAIngealag Jo unilosds dWHN H

SUEXOUUER3STp OPTWT Teyaud .
R o 1 K b + g = . i 8 5} Ql (¢l wad
1 1 ] ] ] ] N ] |
it
M
.
)

. ’ b
“.:_,. T
; ; -

N




(EToan UT) suexouuess Tp opTwiTeyaud AxoIpiu-N Tp £:1 TAanqexasy zo wnzioeds uWN Per

SEPREE ¥ % 20/ _ 2 BESL TR oay as) - oy

F) i | —1 -1 i - L Az - - d il i 1 1 | i A ]

Eﬁg{?ﬁ% %§£§§

—

(&7



WWM}J{MWM‘A “MW WW“ k WWVWW\(\M /W {

r;”"—““_""'"'””"]“—_ T T N L T "

~-So ~ oo —iSe —Loo : - 250 LIRS - Epp

di

119n NMR spectrum of Tetrabutyl 1:3,N-hydroxy phthalimido di stannoxane {(in CDCl,)
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respectively, The aﬁomatic carbons showed sigr_;als ats 122.48,
130,05 and 133,18 which may be assigned {i64) as (CI,CG & eta),
_(32.35) and (C3,64 & eke) respectively, The 'carhonyl carbohis
(97,_881 appeaved ai;ﬁlﬁ&:._&d. ‘

the 1%yp WMR spectrum showed awo peaks atd =164,46 and
| 218,87 showing that theze were two L..nd of tin atoms having
different envimnmnts. The values indlcated t¢hat most pmbably
cne corresponced to penta coordinated tin snd enother hexa

coordinated +in,

With Nehydroxy phthalimide, dlorganctin oxides, yield
organotin compeunds which contained SnwU-Sn linkages, as indicated
by the presence of an additional peak at ~57% ém"i._, Diorganotin
exides in many cases form hexa coordinated monoﬁ.eri;c'RQSnLg (LH .
8 hydroxy quinoline, substituted hy&rméxreic acids, diphenyl
c.ar%cn':zzt:enerz'.;IP f-diketones, dithizones ete), Bub with a trihydroganmie
acld like Nehydroxy phthalimice, no such chelate compound could be
chtained, The present inve&tigatich clearly showed stannoxéne
derivatives are formed. Due to some experimental difficulties, the
melecular weight of these émplexea' could not be ciétemined
osmometrically and molecular'weight determination by Rast's method
gare ratheyr sbnorwal vaiues in soms Cases, 1316 stannoxane fegls
vativaes obtaibed éiur._;xg he cuz.bent iAnvestidgation were ester

Ty

types, not dlscrete chelate conplexes. This conclusion yas arvived

a2t on the basis of the following ohservations, The cazbonyl

fraguencies of the dlwethyltin derdvative and dibutyl tin derlvative

appeared at 1677 cm™* ana 1697 cm™t msyectively for nmore intense
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carbonyl peak, in comparisen 1707 om &

for the licand. For chelate
formation in case of substituted mono or di hydroxamic acids, the
shifting of carbonyl peak of the ligand to chelate dexivatives

1. Again the ;BC NMR ¢aroonyl

were of the order of ~ 45-85 cm
carbon atom sicnal shifted aboui ¢ G0w7.0 for orgenotin derivatives
in the high f£ield bub in the dibutyl tin derivative of N-hydroxy
phthalimide the carbonyl carvbon étcm appeared ab $ 164.84 compared
to that of Nehydromy phthalimide at & 164,01

The above data, siong with appearance of 3n«CeBn peaks ab

~576 et

in the IR spoctra, lecad us to suggest the gtrushars
of tetraorgano 1:3 i Nehydromy phithaliimido distannonans in the

fFellowing way.

8
CH
13l \2\ : 0
; 21 o2 7 C X
4 L \ 9CH\2 /R R\ /R
| NS OB 0N
b : o A
0 I
| - - \ |
\ . .
\ | N
\ | \
\\ .\
% \ | 7
A _ X, R G /
N— O Sn O0— Sn — 00— N (::)
/ . N SN \
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10 times in each step {II, III, IV, V and VI).
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in such structure some of tin atoms with ﬁenta coordinated,
while the other will be hexa coordinated in nature, There might be
intermolecular carbonyl coordination €0 the tin atom, as a result
of which there migﬁt ke some shifting of cérbonyl frecuency in the
organotin derivatives but these shifting may not ke significant
enough to suggest the intramolecular carbenyl coordination to the

1195n peaks suggest the presence of penta and hexa

tin atom. The
coordination of tin atoms (& =164.46 and =218.87) for Tetrabutyl

133 di Hehydroxy phthalimido distannoxane.

The UV spectra of this compound in MeCH geolution abt different
dilution support this suggesticn. One would expecht some hypsochromic
shift of the veak with the descrease of intermolecular carkonyl
cooxdination resulting from the decereasing concentration of the

compound  in MeOH,

In absence of precise melecular woight data and X-roy
evidence, the sbove pugeested structures may b considered somewvhst

tentative in nature,

Gy Txighenyl €in N—hydrazx sucelininide

| Erplrical compositlion of the compound obtained from elemental
analyses was 022H190335n¢
Apparent molecular weicht (Rast method)

Found 442, <Calcd (monomsr) 464,

In #he IR spectrum of Ne-hydroxy succinimide-0H styetching

freguency sbsorption occurred at 3000 cﬁri, But in tha trivhenvl
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C NMR spectrum of Triphenyl tin N-hydroxy succinimide (in CDCla)
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tin derivative thers was no absorption in this region indicating
the complete vemoval of the hydroxyl proton.

Carbonyl absoxption bands of Nehydroxy succinimide found

i

at 1775 om © and 1700 cm":" {broad) [ due to symistric andé antl

syrmetric mode of strea{:ching vibr;atzi.cmmz In case of the triphenyl
tin derivative carbonyl abksorption bands appeared at~ 1785 c:m”l
an@~1705 om"+ (=), simost the same position as in the iigerd, The

paaks due to phenyl groups appeamd at appropriate posltions.

The hand ab 1240 ony > may be due to HCO coupled vibration,
1ﬁ NMR spectrum of the compound showed that the hy ey L
proton was totally absent. Nethylese protons appearsd ahd 2.47{%)
[ for 41»5_‘7. Aromatic protens as Two gropp of protoms in the region
57,3=7,65 (for 10 Ar,H) and & 7.7«7,9 (for 5 Ar.i).

In the *2¢ MMR spectrum of the ligand Nehydroxy succinimice,
carbonyl carbons appeared atd 172:74 and a singie sigaal for the
mothylene carbons appeared atd 25,32, In case of the triphenyl tin
Li-l-ur*?“cw ..Juccvm.mz.w, methylene cﬂrhms (ue,c } apprered at d 24,25,
The signals for arcmatic carbons may be assigned (164) as S 126,75,
130438, 13010 apd 128,99 for (c_ & etel, (cg,,ﬁ & ote) (e & etel
and (tt::‘:;,,.f,’;5 & e_tc:)l respeetivelys The carbonyl carbons ((2?, 18)
appaared ak d 172,99, In comparison with ;igand carbonyl carbon,
there was no significant shifting.

119531 NMMR spectrum showed a single peak atd =74,44 indicating

tetra coordinatad tin atoms
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The abkove results are simlilar to triphenyl in N-hydroxy

phthalinide and like the earlie;t'. we can suggest the structure

of triphenyl tin Nehydroxy suceinimide as follows:

7. Teira égclch@xgl 1:3 ai Nehydrowy succinimido distannoxane

{Polymerle)

Cn the basis of elemental amalyses, the empirical formmla

of the compound can be yritten as 632}152&71\128;; .

Apparent molecular wolght (Rast methed)
Foumd 4602 Caled 814,

in the IR gpectrum, once again there was no band dve to
«0H stretching fregquencys

1and

Carbenyl absorption bands appeared at 1780 cm
1660 cm‘l. Compared to the Ligand IR gpectrum, there was shifting
in the case of antismrvatric mere intense bands

1

The band at 1250 cm™ appeared most probably due to HeCwd

coupled vibrations
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3,

At 580 em -, absorption due 0 EneO-Sn bond appeared.

Sn=C gbretching froquency apptared at 490 cnri.

in the_1H NIMR spectrums oo expected there was no signel fox
hydroxyl proton, for methylene protopns signal was cbtained at
5248 (for BH)e & group of signals appeared in the regiond .3«
1.8 for the cycichexyl protons (for 44H). Though tricycichexyl
- bin hydroxide was reooted with Nehydroxy succinimide, tha 1y MR
spectra indicated a dicyclohexyl tin devivative coculd only be

obtained. Conparing the previous compoundsg, we may sugogest the

formation of the f£ollewing type of compound,

HQ(C_E\ Q Q /ELC;HQ
O
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8,  Tetramethvi 113 di Nehydroxy succinimido distanncxane
- P oed | '
‘The analytic%l Gata éuggested.the empirical formula fox
the compound as CyoHy oOui,Snys
Malecuiar weight could not be done épplying Rast!s nmethod

as the compownd was insgoluble in camphor,

IR gpectrum of the compound showed no hydicxyl streiching
frequency, 3 similar cbsexvation as have been made in eariier
CRSSSe

i

The carbonyl absozption bands found at 1776 cm™ and

1700 cm'i no carbonyl shifting cccurrsd comparsd to ligand
caroonyl absorptions. ¥ |

1

An additional band appeared at 576 cm™” which was due o

Sn=C gtretching freguency found at 535 cn?i.
The pgak at 1245 onit most probebly due to NeCwd coupled
1

#, 3¢ ang M%p R for this compound could not be
racoxded, because the compound had very poor solubility in common

organic solvents,

In the absence of adegquate dats, it was not‘pdssible to
suggest any reasonsbla structure of this compownd, though it may

have a composition like the carlier diorganctin derivatives.
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Se Tetrshutyl 1:3 &l N-hvdromy succinimido distannoiane
(Polymewic) '

From the elerentald _aﬁalyses the empirical formule of the
compound can be written as €, 4H4 4071525312@
Apparent molecular weight have been foimd 442 (Rast's

metchod), Caled 7iZ.

in the IR spackrum of the compound carbonyl absorpéion bands

i 1

appeared at 1780 om -~ and 1680 om - . CGarbonyl absorption éid not

shift significantly compared to the ligand carbonyl Iabsoz:ptim
b@dSa

1

The band at 1240 om— may be due to N=CeO coupled vibration.

Absorption due €0 Sn-0-3n bond found at 580 o™

stretehing band appearad at 560 cm"’i-_«-

1

and Sn=-0

The "H NMR spectyum of tetrabutyl 123 di Nehydroxy succinimido
distannoene ) showed no hydroxyl proton signal, The methylene

proi:ons due Lo sucein’yi group gézve a single sicnal at d2.82 (for

8 protons) while thée methylens protons of the butyl group found

in the region § 1.2«1.8 {(for 24 protaz;s)_ a.!;d mathyl protons appeared

in the region S 0.9=1.1 (for 12 protons),.

In ths 136 gpectrum of tetra bukyl 133 A&l Nehydroxy succinde
mide distanﬁm:ane; the methyl carbons (64:634. ete) fcund- at & 13-,-61
and the méhylana carbons of butyl groups may e assicned (163} as
826475, 26,86 and 27.53 for (C; & ete), {Cj & ete) and (C, & etc)

respectively. The succinyl methylene carbons (CG'CS‘-' C.? & C,,,)
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appelared at & 2502, The carbonyl carbong (Cs,cs,, 68 & C.,) found
at S 172477, B

The 14%

n MMR gpectrum of this compound showed two tin

sionals atd «=178.85 and «=223,50,

So far we have discussed the avallable data £or the
dlorganctin derivatives of Hehydroxy succinimide, it has been found
that these type of compounds showed similar behaviour as have beén
shown by the diorganotin derivatives of Nehydroxy phthalimide. Here
égain the diptinct Sn~C~5n bond appeared in the range of 570=

580 cm"l

in IR gpectrum, showing that stannoxane derivatives are
formed. Carbonyl sbsorption bahds for the diorganotin derivatives
of N;hyéraxy'succinimide showed no signifigant shifting, Cnly in
the case of dicyclohexyi tin derivative the =C0 asbsorption shifted
40 et in case of the méjcr paoks But in case of dibuty) tin

1 and in the case of dimethyl tin

derivative Avis enly 10 cm
derivative it was not shifted at all., The doservationsg indicate
that significant intramclecular coordination ald not occcur from

carbonyl group to tin atoms.

Evidence alsc came from the 136 spaciral data..Here again
it lg foud that sigﬁificané'shifting did not otour for the carbonyl
carben, which have besn found in case of definite chelate comound
(carbonyl carbon shified about & 6,0-7,0). But in caze of tetra
butyl 1:3 di Nehydroxy succinimido distannoxane the signal for
cérbonyl catrbon appeared at § 172.77 uwhereas this Was obtained'for

the ligand at § 172,74
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UV spectra of Tetrabutyl 1.3 di N-hydroxy succinimido
distannoxane / I-5.6 x 107 () _/ diluted subsequently
10 times in each step (11, III, IV, V and IV).
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5o from the sbove dizcussions, it mey be stated that
dlorganotin Goxivatives of Hehyirexy succinimide ware not discrete
chelate compounds having intramolecular coordination to_tin._But\
they are ester type compcounds, i1ike the diorganutin Serivatives of
Nehydroxy phthalimide. But they are possibly not moncmere The
appagent molecnlar weights dotalned by Rast's method were not
satisfactory, that may be &ue to high temperature dissoelation.
The mal@mulér’weight data in aoluticn'phaee for-diﬁFereﬁt ccncen¥
tration and using different palar solvents (osmovetric doterminge
tiond could have given better 1n¢ormation, ut unfOrtunately could
not be gucceusfully_cxplored.

The tin signal obitained in the 119

En ﬂMR for totrebutyl

183 4l Nehydromy succinimido distannexane indlcated that the compound
is not a simple monomeric ester. There were tyd tin sionals

{8 =178.85 & =223,50), the values nearly maotches to two king of

tin atoms having penta ceordinaticn\and hexa coordination environe
ments, This charactoegistic af the compound may be explained from

the polymerie natuwre of tetra organo 113 &1 Nehydroxy succinimide
diéﬁanncxane. Most probably intermclecular coordination bond formed
frém CO group to tin atkam, which-was responsible for changing the

coordination syheré'oﬁ tin atomsa

Thig ?henomencn also gaing support from th$ UV spectIum,.
it would be expected that with dilution the weak intermolecular
-caoréination bondsg disaapearqlsa in the UV gpectrum a hypsochromic
shift is expected with lowering of concentration. The series of DV
spectra (shéwg in £ig.) /with decreasing concentration supports

this contenticns,
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- Hence on the basis of available data the compound can be

reported ag follouss

c<3 CHy
B 5/
CHp  “CHy
6 59 ! PHQ 1(:{1 n 6
CH?”"“€\\ _/"2 _ R //R jC"“"CHQ
g/ N CI] S{] 0 \Sn.__.._ 00— N
8 / A . \
THp—17 LR o
0 | | \ 0
\ \
N
N\ N
3 N\ \
1 \\ 9
P N-— 0 ,/§Q; 0 Sn 8] N\\
S : RN
L ¢ R R R R C— CHy
0. 0
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