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POREWARD
The work embodied in the present thesis was undertaken init1a11y
t0. sﬁnthesise and study the organotin derivatives of nitroso=-napthols
and related~l;gapds.which, a surveyyqf the literature showed, recelved
ver iittlehapteﬁtion compared t0 other 1igends; @vgsy B=hydroxy
-Qﬁinoiine-agdrits,derivativeg, hydroxamic acids, acetylacetone ete.
It‘waé, however,.socg.real}sed that reactién'of'iJnitfoso 2=napthol
of 2-nitroso-lenapthol with organofin compounds never yielded the
desired Raanch typeveompounds-(Ch = lenitrosoe2=napthol or 2-nitroso-
1=~ napthol), ihstead functionally substituted stannoxanes Of varying
complexitiss were 1nvariab1y.produ¢ed irrespective of whether the
reaction was carried éccording £t0 egn(i} or (2), the two most frequently

adopted procedures for synthesising such derivatlves, -

Rgén X. 4 K(Na) Ch —f—e?f'oa\“c%- SR &
RgSn0SnRg + #Ch — >  Froducth. (2)

e
hen sl oS S L

It was therefcre decided to invesiigate the reactions between
organoctin compqunds and nitroso napthols-and related compounds in
order to understand the anemolous behaviour of the nitroso - napthols,
HoweVér, the complexeclties of the products, their polymeriec nature
and extremely low solubllity, in most cases, in common solvents made
the . separation, purlflcation and thorcugh identification of all the
products extremely difficult, As such, structures of the products

have to be inferred primarily from the analysis of IR and electronic
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absarption aata together wi h alemsntal analyain. | o

The thesis is divideﬁ 1nto four chapzers. A brief survey
of ths organotin chemistry ie preseﬂteﬁ in chapter I.

Bince axtensive tInecarbon bond cleavage ls on& of the |
notable faaﬁuros of the reacf&ons of a&trosoananthols with orga— |
nGtin ccmpaunds, a shcrt rev*ew of the tin-varbon bond cleavage
reactiong haf been presanted iﬁ chaptar 1T

The rgacizﬂcms of 1~nit;ro=o-9-na}pt;hol *m«i ite keg alt with
organot in helides &nd stznnoxaneshave been discussed n chapter 111,
Iﬁ ovrder t0 high<llght the effect of structuprsl festurss on thege
reackions, the reactiong of a aumber of strueturally related
molecules, @48+, dimcetyl moncoximo, K ebenzil monceoxime and
beunzpin monG=oxime have €180 been studisd and included in this
chapter. IR and electronic spuctral dnta of the products have been
discussed and tentative struetures have been proposed in o nusber
of cnges. ?rﬁbable.mscﬁgﬁism for ths férmatiaq of the different
produets have been suggested.

In the last chepter preparation of some orzsnotla carboxylates
by the raacﬁi@n of esters wlith organctin hydroxides has been presented,
This work wag underteken with s view Yo qyntheszsing mono {Lriorgand
t4n ) esters of dlearboxyiic acids, @efle, Oxalle acld, malonic acld
etce, which could 20t be satistyciorily prepared by the usnal nmathods.

S~

~
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CEAPTER I

A Short Heview of Organo.tin Chenistry



Ia Introduetion

Organotin compounds are substsnces contalning at least one
carbon btin bond. The first chemist to report an organotin compound
seems to have been E.irankland (1,2). But his work eppears to have
remained unknown to most of his contemporaries as well as to later
guthors. Tﬁe work of C.lowlg.' (8) in 1852 has usually been congile
dered to represent the begloning of organotin chemistfy. Apart
from the compounds described by lowig,, many significant contrie
butionsg vere made in this fileald during the next few decades.

The vast majorlty of orgesnotin compoimds fall within the

four classes @

quSn, Rsﬁn X, Ron Xo 4, R Sn Xa

R can be identlesl or dlfferent, substituted or unsubstituted,
aliphatic or aromatic groups. X can be negative grOups such as

UR, «ER, «0GOR, -05akz, - WRgz, or halogen or some other scld
redicals or neutral ligands such as «H, or electropositive ones
such a8 L1 or Na. The three series of orgenotin hydrides

Rg¥nk, RgSnlyp end HEnH (4,5,6,7) have recently assumed congidera=-

ble importance.
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~ Stannyl metal compounds of the type RaSntl and Rgﬁnﬁgia-g),
PhoSnSiphg, PhgdnSi(Gepha)g, BzSn = SnRg(8), PhginininPhgand
PhgSnCdSnPhg are alsc known where R may be éliphaﬁic or aromstic,
M may be LiNg or K.

The discovery of industrial applications of orgenotin
compounas as stabilisers of polyvinyl cﬁlorid@ plasties, rubbey -
antioxidants, catalyst in the polymerisation of olefins, agricule
tural fungicides and as. actlve Ingredients in certesin veterinsry
nedicline {1C)} and alsd an incrsased general scieznsifie interest
produced s striking roralssance of organotin chemistry starting

from aboutl 1249 znd contlnuing to the present dey.

IB Bonding in Organotin compounds

The electronie conflguration of tin is 1532522§p3823p635?0
4524p64d1°5525p2 $ the ground stete being 3p state derived from
sgp of configuration (11) the comuon tetracuvalent state 1s derived
from the sp® nybridisation by promoting sne of the psired & elee--
trons to the next higher P level, The tetra covalent state occurs
much more frequantly than divalent state and a great number of
orgsnotin coﬁﬁounda gontain tetravalent tin atom. Jrgano derivatives

of group IVA metals are generslly more stable and less reactive
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than ihe corresponding compounds of group I1I or V metals; The
increased stability may be attributed to the Sp3 hybridisation
Thus, tetravaslent tin is unreactive towards air and water but
trimethyl Ingium and tyimethyl antimony have a sitrong affinity
towards these reagents. The markefl increase in stabilities of |
ySn compounds over RgSn types also demostrete the effect of
inereased hybridisation .on the stability; Metal « Carbon bond
strengths have been réviewed by Skinner (12) who noted that
mean bond dissocisticn energles (5) £8ll as the subgroup is
descended sO that D (C-R) D (Si-R) D (Ge-k) D (sh-zz) D (Pb-R).
The meesn vslues of the bond dissoclation energies are c-C 3 87,
C-S1 : 70, C=Ges60, C«Sn 3 50; C=Pb 3 31=37 K cal/mole, These
values are, oféoursa, further dependent on the nature of the
olkyl group l.e. on the stabllisation of the corresponding alkyl
radicals by hypercohjugation etc.

' The covalent radius of Sn atom is 1.40 A end is surpri-
singly independent of the nature of the ligands, Only when there
is an accumailation of strongly negatlve ligands round the tin
there is some decrease in bond lengthé. The bonding of the tin
would thus appear to be slmost entirely covalent at least in
erystélline solids, in non polar media'aﬁd in the vépour. However,

the electronegativity of tin being less than most of the common

!



ligands, @.ge4 carbon, nltrogen, oxygen, halogen and even hydroe
gen, the bonds are expeeted 0 be sufficlentiy polar. The dirole
moment of various 5o = X bonds have also been estimated. The
dipole moment of alkyl tin bond, mostly estimated a3 0.45 « 0.,6D
(13 « 15) depends both in magnetude and dlrectlion on the nature
of alkyl group (16 = 17).

The electronegativities of she elements of group IV have
bean investigated exsensively by different worké%s (20 = 23).
The results, a selection of which is glven In Table 1, sluways
differ according to the method of measurement and the compounds
selected., this 13 not surprising sinee the electronegativity,
not being a uniguely defined parsmeter, depends on the method of
geasurement and the gurrounding of the atom in guestion, In
practice, therefore, one generally works not with an ‘electronegs-
tivity of tin' but with e value for tin in s parsicular camblﬁation

1.@, allowsnce will have to made for the dinfluenée of gll llgends.

Table « 1
Fauling Sanderson Finemsn Alired
Daignault Hochow
¢ 28 Ze87 DeO7 2.60
51 1.8 le74 1.90 1.90
GCe . 1.8 2631 2,082 2,00
an 1.8 2.02 247 1,93

Pb 1.8 2e4d
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-Glosely connected with this is the Inductive effect whiech
tin atong or étannyl groups exert on their surroundings. The bond
'polarisation ¢° - S&t which 1s there in principle, may be changed
by substitucion at C as well ag at Sn.JMR dats on organotin come

pounds (18 = 19) and semiempiriéal calculations of Majee and
Gupta (43) emphasises thls. According to Esborn etal (24) polari-
"sgtion is increased by elseciron donor substituents RY in the

- §osizion in & phenyl group, as shown by the increase in the
rate of séission of the C =« Sn bond by ilodins according 50 reace
tion (I). The reaction thus beiongs to the class of eslectrophilie

arometic subgtitutlon (24 « £8).

RI<——/>SY\ R.3 + Izl————'——‘ﬁ RT + R’3g”1 (1)

ks expected, electron attracting groups R' decremse the rate of
lovering the nucleophilleity of the ring carbon attached to tin,
The sequence of relative reactlon rates is for R' = OHe) - Bu)
i« pr)Et) He YE) Br) F > CL ') CooH, |
Blectron donor properiles inerease In the serles (R & Me) s
2iRp (BeRg Snlly 4 &5 @ay be seen (rom The relative rates Of

acidolysis of P = RqWCHSLH - SnRg « These are for ¥ = 53 -1.00,



Ge 1436, &n 3.21 (26). & similar sequence emerges from I.R and
MR neasurements (27) ond alsa from IR studles on esters of the
type MeCOOMMeg which give M = C,51,Ge (28).
One difficulty which often arises in experiments designed

to measure relative inductive effects is that there may be some

e character in a 59nd between tin and an element possessing P
electrons (23 = 30). Thus In a Sn = X bond where X is C(5p2),
¥,0,3 or halogen 1t is possible that, opposing the inductive clece
sron drift in 8n - X, there may be some overlap betwesn a filled
P -~ orbital on X and an empty 5d orbitals on Sn caasing a transfer
of electron denslity in the opposite direction. Despite mgny controe
vergles (31'- 34), it is widely accepted that there are significent
(P =« dn ) consributions %o the 5n - ¥ bonds in compounds such
as the plannar trisilyl aaine (35).AThere is sOme evidence that in
phenyl tin épmpoun&s, inceraction occurs between the electrons of
she phenyl groups and the 54 orbitals of vin. This conclusion is
based on zhelintérpxetation of BMR (86;- 37), infraved {38), ultra=
violet (38) and dipole moments-($§) of phenylAtin ceapounds end '
she acld strength of the substituted berzoic aclds peieg M CgHyCooH
(M = C,84,Ge,8n)s It con 0ot be assumed that other aromatic groups
behéve_similarly.since pka values for & series of pyridine having

Hegh(M=C,81,Ge,50), substituents in the 2-position indicated the



absence of pn = dit  bonding in the tine-pyridine link (40).
Caleulation bééed'upon'nucleaf‘quadrupole resonance measurements
indicated I = character in the Snel bonds of diethyl tin dirio-
dide whereas it was concluded from the dipole moments of organoe-
tin chlorides that the Snecl bond order is close'to’unity (39).
There is evidence for dn e« PR .1nteraction in the bonds formed
between tin and certaln transition metals (41 -~ 42), On the
other hand Gupta and'Majee have shown in a series of papers (43)
that most of the properties of organotin compounds may be inter-
| preted without assuming any dn = pin interaction. However in a
more recent article (44) Majee hés demonstrated that the success
of earlier Del Re calculations doés not necessérily rule out such

interactionse

IC Catenation Properties of Sn in‘Organqtin“Gompounds

Tin like other members of group IVA shows the tendency
to catenation., A number of excellent reviews are now available
on tin - tin compounds (45 = 49). The ditin compounds may be
prepared by a number of methods (47), the alkyl derivatives are
generally liquid and the aryl derivatives tend to be solid at

ordinary temperature, A good number of compounds of the . type



[RoSnl, with the number of tin ranging from 2-6 have been des-
cribed (47).:The reaction of metallic sodium in 1igquid ammonis
with MeoSnclpleads mainly to the compounds [ MegSn], , which are
linear molecules with chain lengih n = 12-20 end perhaps wore,

and at least to one eyelic éompound. [MeosSn] g o

There 1s nc evidence for branching of the chains (50~51).
Similar results have been obtained with other alkyl and aryl
compounds (51), e3g. cyclic hexamer of Rigsn, the cyclic pentamer
snd hexamer of Phgsn, the cycliec tétramer of (t-Bu)zsh etc.
Williamson and Vanéer Kerk (52«53) have however reported a
branched chain compound (PhgSn)gSn by the reaction of PhgSnLi
with Snely. Some coloured produets reported in the synthesis of
dialkyl tin compounds are due to the formation of partially
branched tin chains (54¢). NMR studies indicate the formation of
poly tin hydrides during thermal decomposition of butyl tim
trihydride (47)s Carboxylates and halide derivatives of dal and
poly tin compounds. have also been reported (55=56).

ID Organotin Complexes

Organotin compounds can form various types of complexes

with ligends. The structural aspect of those compounds has been



axhaugtively reviewed by'Ingham etal (8), Poliar (57); Gielen‘
and apreeher' {68) and more ‘recently by Ho and Zukermann (58a).
 The most mtéresﬁmg axample is afforded by Rasrix ,
Lype compaunéa which form varioua ﬁypm of adducts with Lewis
bageg (8). ihese adducts avre generally penta clenrdinated
(S9=80)e For X = ¢l,Br or I, Ma«saax typa compauads are usmally |
tevrohedral but for X = 81‘3% ’ F ﬁﬁa ’ Br,@ s 503 s 5 y SCG;*,
the compounde’ are five coordinmate about tin where anidhs are
probebly either bridging or chelate sypes {61-62)_. The aqﬁai@n
fegSn(Hal )Zﬁhas a2 linear CeSn=C group, there being presumebly
four water molectles weakly cosordinated in the squitorizl plune
(63). Bimilsrly KatnX and RgfinXo compounds con form orgsnobin
cheintes with chelsting sgents such as 8 hydroay guinoline (S54-&:),
acetyl aceione (67=6€2), 1,10 Pheranthroline (65,68) ete. wbich
may be flive, six or sometines even eight coeoydinated compounds,
“he wmogt geaeral feature of the pents coeOrdinated tin
is a polymeric struciure formed by ths brmgmg’.of an snionie
group to the tin atom from either slde of the plane of the trie
alkyl cir; group. This kind of structure is desimated as cype 1.
f.ypé. 1 compounds can be devided inteo three sub groups as stown

in the table=Z.

- &n X 8n L=

Type = T
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Table-2 Cov
Sub group . Gompound
(a) | - (CHg )aSnF, {CHgz)gSnOH
(b) , RSSnQOEB?,(QQHQgiSn(imidazole),(Cﬂb)3SHN93,
(§Hs)38n6194, (CHB)SSnSiF6 ’ R3Sn Alel4
(e) (CH, )Snel, (CHj ) SnBr, (CHg),Sncl,

RySull, . , (CH, ),80NE8, (CHY ) SnNCO,

| The compounds in the (a) subgroup of this elassification
contain tin atoms bridged by the anionie groups in the manner,
«80 « X - ¥ « X =, where X represents a halogen,. an oxygen or a
nitrogen atom and Z represents the réminder of the resulting group.
The cémpounds in both (a) and (b) subgroup compounds are assumed
to contain planner SnCg woities, but in so far as thaey have been
studied, those in the (e¢) subgroup have no such planar arrangemént.
in compounds of structure type 1I, a donotr molecule is
co=0ordinated £o a triorganoﬁin"halide to give a trigonal bipyrae

midal arrangement, The best studied example is the 1 : 1 addition

| compounds of (Chg)s Snel and pyridine.

Q,
50

D . (D= donor molecule)

7\

c ¢
Type 1I
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A halide lon can also act as a Lewis base to trimethyl
tin halide, giving a symmetrical bipyramidal configuration of
type III |

_CHg
s

X—Sn—X
7N\
GHg CHg

Type III

In cases where thg anloniec groups have no co-ordinasting
sites, for example B(Csﬁs)z , £WwO molecules of a mono-anionic
Lewis base such as water can occupy the co-ordination sphere,
giving a planar SnC3 arrangement with a penta co-ordinated tin

atom (type IV)

h

D— &Sa— D

/\

¢ C

(Type IV)
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Phis finding mey well be spplied 5o inserpret the styucture of
1 : 2 additlion compounds of formula RgSnX.2D(E) as thet contele
ning a bipyramidel [E38n93]+ end ¥ snion, snd mey preclude the
existence of hexa=cosordinated tin atoms in such triorganotin
complexes.

if the X group in PFgfnX belongs S0 & chelating ligand,

insramolecular co-ordination can cecure as shown in struegurg (V).

Bgbn ¥

' Type V

In the case 0f dleorganotin derlvsiives, bosth penta coeordinsted
and hexa cueordinated Hin compounds have besn reported. Penta
co-ordingted tin ig observed in dialkyl tin helide, cerboxylataes,
dialkyl tin halide oxinetss and dimethyl (1,2«dimethyl triszono)
tin hsiides (€8) (type VI)

The 2 s 1 addition compound Oof (CgHy )p 8n(RCO), end
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bipyridine is enother type of penta coe-ordinsted die-orgsnotin
stracture (V1i) '

KRB D— D —> BnRXg

Type VII

The dimeric tetraalkyl distaunoxunes (IRSn8nRoX)s and
(ARgSnUBnEgOH ) sre unique because they sre believed to contain

both tetraecomordinated and penta co-ordinated tin atoms (Type
g /
VI and VIII )

&z.z Tﬁz Hg ?-"}
5n - X I 4 SrieX
Xg? ?’/f' ku»s? ?’///
Q wn e X o S e OH
/ l A l
Ar?u Rg xs&? Bg
'iig 1‘:".2

Type V1IX Pyp@VIII

Infrared spectroscople invesilzations hsve shown that

‘the addition compounds of Rgﬁnxg (X = helogen) and monodentate
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gaines In 1 5 2 mole rabiv, or bidentate asmines in i3l mole ratle,

are oY the type IX

Type IX

Hany dieorganotin bim (Chelates) have been igolated
(64,066,69-75) snd found to contain hexs co-ordinated vin stom,
Some rvepresentative compounds aré acetyl acetonates, oxinstes,
and carboxylates. The glkyl group in thése compounds sxists
predominantly in the trens position (type X), thoush Xerey
erystoallograghy on dimesthyl tin dloxinate shows this t0 have a

very much distorted siruchure (85)

c

|

T en g
c

Type X
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Tha most Symmetfic specls is the (CEala Snxzé suion (k » Fy01,8CS)
where structure is represanéadAby (£X). Toblas etsl have ghown
that theve sre snalogous speels; [(CHg)p Sn(OHIL as well as
cationic hy&raced spacls In aqueaus s@luttcn of axmﬁthyl tin
com@ounds (73,76,77)

Oy
\I %
- ‘[\

Cily

- Type ¥

Reports on ﬁsnsgorg&m@zmn ccmyonﬁds indleste {hat some Of these
might have hexa co=crdinated ang even hepta coecrdinated tin atomS
However, little work has been dona on their desailed configurstions,
Honveorgonotin halide bls acetyl scetousies 7&5 and bis oxinates
(793 ags well &gvthe sddition compounds of formula RSa Xp «2L(80)
are exasples of hexe co-ordinaaeu tin GOwpOURQAB.
The complex componnd [{aeae)ARSa{lCHgzly , vbttained by
partial alcoholysis from HiSn(acac)g is unigue in that 4t contains

two brﬁaging msgthony groups furmiag a four mambered éne«0 ring es

13547 |
21 MaR 198
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shown in struecture T

: ?HS
1)

(acac) (X)RSn’f// ::fSnR {X) (acac)

7

CH,

Type X1

A hepta'ca-ordinated tin-1s observed in phenyl tin tris (tropoe
lonate) and probably in monc organo tin sris (ecarboxylates).
Several organo tin'GV) complexés with quadrl and tetrae ‘
dentate anlonic schiff base ligends have beon prepared and investi-
gated in the solid state (81 - 83), Hossbaner parameters derived
from voth zero field and mégnetically.perturbed spectyra suggest
that tne Reon(ssleny*, R = Me, Ho, Ph 2nd ﬁ@2§n(saldapu2-OH)**
complexes have distorted trans octahedral structures, However iﬁ
PhoSn(H-Saldap-2-0) the ligsnd appears to be only verdentaie
leading to a penta-co-ordinate structure simlilar L0 those of the

Ron(8eleN=2-0CgH, ) derivatives (R = Ph,Me);

¥ HpSalen - N,N ethylene bis (salicylaldimine)
* Hgsaldap-aadﬁ -'N,N" (z-hydrony trimethylene) bis (S8alicylaldimine)
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Recently orgenotin cémpléidé of strong o acids oi‘the
type HegSn TN, MeCPgin,TCHY, z-gijg'sf;:;}g@ﬁ.nrcs\zf(n =1,2) and Snu¥4.
TCHESTHF(X+01,Br) (84) have been prepared (Y¥g = Tetre cysno
p = quinodimsthane, UCHE = tetracyane ethylene)s The infraved
spectra of the eamplex Hegbnl.ICRQ exhiblts a single hand al 566 cm‘l
in the tinecarbon streching region which 1s assigned ﬁa the'anti-
symsnetric mode of a plenar HeszSn mﬁiety with bridging TCNQ
reqidues resulting in a trigonal bipyramidal coafiguration at the
tin, xhe intense colouration of the ecompound ia indicative of the
formation of (TCHQ)™ radical onion on complexation. The complex
is therefore best repressnted by the canonical froa {Ne38n)f (reNg)”
and tims provides the £irst example of zn 4solable paramagnetile

‘orgsnotin complex.
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CHAPTER 11

Cleavage of tinecarbon bonds
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intraduction

‘ lﬁuch of the expariﬁental work iﬁ ﬁhe fleld of organoﬁin
cnemistfy h&é been 1nspired”by a desire to uddarstand ag fully as
possiéle'the roactivity of these compounds. Hundresds of elkyl
ting, especially those with different ligands, were prepared with
a vieé to studying thé fission of tinegarbon bond which may be

represented as
'\E ~ ~ ) ~
—;...n-ci-!-ﬁ-B- :_3!1-!%4'}6‘3 . (1)

Although the reactivity of the tinecarbon bonéd depends on a
ﬁumber of faesors, they are susceptlblo to attack by a wide
variety of reagents g0 thet A - B in the above equation may be
halogen, mineral acid; carboxylic seid, thiol, phenol; alechol,
metallic or nonmetallie halide, alkall, alkall metal eotc.

These reactions are not only of utmost theoretieal and
practical 1mportanée in organotin chemistry, but also has sdme
bearing on the present work. As such a brief dlscussion on the
subject 1B presented here.

The most freguenly studied resction of tinecarbon bond is

the cleavage by halogen; one or more orgsnle moietles are split
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of{ depending upon the condition of the reaction according to
the ‘following Scheme 3
g '+ Xy 5  BgSnX + RX (@)
Eqbnk + X5 9  BgbnX + RX : (3
- [% - 61,Br,I]
when unsymaetrical orgenotin compounds of the type Baﬁnﬂfara

trested wisth one molecular proportion of the reagent, orgsnie

groups are'usﬁally cleaved from tin in the order ( 1 ) 3

D e éoly;} p = tolyl) phenyl) benzyl>‘v1ny§>msthy1;>ethyl)>propy;>

igosbutyl > 1s0-amyl) amyl) hexyl> heptyl) octyl.

This gseries is of praéﬁical value in syathetic organotin chemistry

since (2) usually predicts correectly the products of cleavage.

: /
However predictions are lesg reliable with RofnRo type of compounds.

Though the sequence have been coumpiled from reacﬁious»using dirre=

renb cleavage’réagents under a variety of conditiong, ecareful

examingtion of the litersture reveals a number of contradictions (3),

the actuel situation being much more complicated. '
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The mechanism of tin-carben,bﬁna cleavage has been clarie
fied in a series of papers (3—5) by Gielen and co-workers. On
tae baslis of their mechanistice studies these reactions are to be
clasaiiieﬁ essentlially as slectrophilic substitution st the.
carbon atome The gecmetry of the transision state is however
groatly influenced by the salvenﬁ and the electrophile which may
cve=ordinate with the tin atom under proper conditions thereby
causing profound verigtion in the roates. The different types of
érgan@tin.dex&vativea are treated Separately in the following

discuggion ge B -

Tinegarbon bond cloavage in symuetrical tetra alkyl tins

’Th@se compounds can be cleaved by a numbér of electrophiles (1)

or radicals (7-8), Among the electrophiles, one may use helogens,
halogen acids, tin (IV) halides and also athér inorgeniec holides

[ eg BXa(9), Hegllo , HGClg , BEEEY (10), PFg(11)] , Orgsnometalile
helides [RBClg , Ra80C1 (12)] , or oxidants [Cr03(13)] o Alkyl halides

resct in presence of tetra slkyl tins to give trle alkyltin halides

(14~1:). Halogens coh also be used as redieal sources (16).



I1B - idectrophllic substitution at a saturated carbon atom

Kienetle studies have shown that tetraalkyltins react with slecirde
philes [ I (17), Bry (6), HgX, (19-20), Cris (21)] by a complex
mechaniam'cea) which Involves a.preaa@rmining_equilibrium between
the organotin substrate and a nucleophile. The.sﬁep is then f0ll0=
wed‘b9 the reaction of an electrophile with the activated carbone
tin bond.fﬁepeﬁding on the solvent polerity two different situae
éian@ may be diéﬁinguisned H

(1) Remetion in “nonpolar" solvents s

In nonpolar mnedla, the most nucleophie gpecles availeble in the
solution is the electrophile E-N itself |XeX(22),H-c1(23),
QECr-Ocalj] y which may complex with the orgenotin molecules -
through the tin stom as follows s

: (=) (&)
Cean+Hed — Coafna-fwki ST

The reprosentation is only formasl indicatlng the trensfer of
électron from ¥ o tin. The complex formed in this e:;uilforium
contains activated ¢ atoms and en enhanced eiectirophilic specles.

in intramolecular reaction, which seems thus a ressongble way in

AY
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~ which this complex might glve reaction produscts, is observed
when the struéture of the complex allows such @ eyelle transition
stete, Clelen znd Nosielskl (44) use the symbol SF 2 (substitue
tion four centred bim@laculér) to indicate this mechanism, Abrae

hat snd Hill (19) however prefer to csll it SEi.

| - (%)

This complex which contsins rather nucleophilic carbon atong,
may alco resct with another clectrophils & - N to give the cleavage

of 5 carbonetin bond 3

N

w» "" ‘ | | ;‘- -"* ‘
HeE+Ca= aé 2'3(-)3 —> CebEB+ 0 = ﬁé 2 gg-)g (6)

& third possibllity cennot be excluded.s it is the reaction of

the electrophilic part of this complex with snother organotin

molecule ¢
- %) ! . / / .
C - “é 2 é 2 ES+C e Sé —>C e EBE+ SneaN+0eidn (7)

Thls mechanlstic @ieﬁur& cxplains & large number of fiadlngs

suchh as
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a) The presence of a third'wer term ¢ The rate of reaction between
tatya 130-pmpy1' tin- and bromine in chlorobenzens may roughly be
described by s =

- d[%y) /dt - = Kp|By sn][ Xg] + Kg[RgSn][ :‘s{g? (8)

where the 't‘hird order 'term_ may be considered ss due £0 the oxnlsge

tanee of reaction (€).

b) Tho mizing effect : 7Tetraethyltin reacts 11.7 times faster

than jebramethyltin with Brp in chlorobenzene. A mixsure of tetra-
methyl and tetraethyliin, reacting with Bz;z in éhlamhenzena 4
yields a ravio [Elt’ Br ] / [MeBr] = 4.3. It has been shown (22)
that the presence of tetraethyltin influences the readtion of
Brg with tetramethyltine This mixing effect is readlly explained
by reaction (7). .

‘The observed reactivity sequance (24} for hslodematallation

of Rgq n type compounds in nonpolar solvents is
1 - Pr)E6) Bu~Pr >He.

Howaver the rate constants lie close together and deviations from
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the sequence often occure depending on theiexperimental conditions,

(11) Resctlon in polar solvent

s

In this case, the golvent coeordinates with the metal atom which
may be formally representied s g

~ (=) (+)

€ =« 8n +8 = € =-6ne-8§ {2)

rermation of such complex (which may be a true or a collision
complex) would Increase the electron density at sthe earbon atom
which may be eesily attached by an slsctirophile, ylelding an open
trongicion gtate whose existance has been faitly well established
by Abraham and Spalding (20) s

' o)
(=3 () [ 8t=) 8 ¥
C =8n «35  &n (=) (+)
6/ c/’ 6{!‘) C-E'&'H-Sn-ﬂ (10)
Y ~ml oW
g L B~ -.N

Coeordination withthe metal generally does not make the solvent
elsctrophilic enocugh $o0 compete with the elestrophile E - 1 and
to reat either intermolecularly or intrsmolecularly with a carbone

sin bond and these two steps thus seem to be the only possible
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reaction, Indeed nelther a third order term nor any wixing effect

. eould be deteéted in nﬁ,clecyhilic solvents such as methanol.

The nucleophilicity of the solvent toward tin, which secems
Lo ‘ée the most important factor affecsing the polarity of the
solvents for electrophilic aliphatic substitution (17) may be
estimated by the ability of the medium t0 complex the tin atom of
tricethyl tin chloride (26,44). Using NMR spectroscopy the folloe

wing sequance has been found 3

EMPT D DMSO =DWP ) Py YMeOH 1Pyl )
t = BulH=HeC0Me ~MaeC00Me >Di0xane ) MeCi )
MeCOOH) PhEL™ C0l4=Cyclohexens.

The reacsivity sequence observed in polar solvents is 3

ReHo > Et)Ba)yPr)i-Pr)t - bu.
(1i1) Radical substitution at a saturaied carbon aton 3
éym;aetrical setraalkylting may also be attacked by radleals.

Following mschanistic picture has been proposed for the reaction

of thege orgsnoe-metellic molecules with halogens in chlorobenzene
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in an inert atuwosphere unciéf illﬁminaﬁian

‘ - 4 (410nm ) e : .
Brg > 2 Br, (11)
S (=) (+) '
Br- + H,8n > By8n - Br. R B>
(=) () , :
R Snge Br. > HgSnBr + Re (13).
and
(=) (%) /

[} !
Rgbn = Bre + Rg8n —> Radn + HpSnBr ¢ K- (14)
forming a chaln wilth ‘ |
R+ 4+ Bro—>R « Br + Br. (15)

Oxygen seems to wodify the stolehiometry, ‘the reactim prociuc'cs
and thus the mechenism ©of the analogous resction of tetraethylétin
with lodine (27) is 3

f

i

I+ 4+ Etg 5N e Etl ¢ Ity Gn. (22)

which then reacts :
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in the sbsence of oxygen LigSn: + Io»ltgSnI + I- (30)

| ,  chain reactlon @D

In prasence of oxygen EtgSn -+ Ogo= Etginelde0- (31)
Btiglneled: = Smbira n‘py:fmiutci-.sz (22)

Pazuvaev and co=workers (1§,28-20) have Obtained s considerable
body of evidence for the partieipations of trialkyltin radicals
in the photolysis of tetraalkylsins and in the resections of these

derivatives with carbon totraechloride initiated by oxygen or by

peroxlde ¢

Bg 80 —> fig n- + Re (33)
/ , . /!
Bp Sne ¢+ X = C< Rasn;x + 'C{

IIC . Symuetrical vinylle, scetylenic end aryl derivatives,

Tetravinyl tin reacts more than 20 times faster with dodine than
tetrasthyl tin but is less resctive than vinyl trislkyltins (20).
Little is known sbout the more reactive.aymme'crical acetylenic
orgenntin compownds (31). The resctlivicy of vinylic and acetylenie

deriveties 1s in accordence with the order of bond polarity s

S-¢ (o) (s - ¢ (8p° ) 8o - C p)
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Tetraaryleigns are also wore prove to cleavage then tetraalkyl
tins; one or two aryl groups are,cleaved'off the tin gtomg in
the cleagave reactions depending_cn gxporimensal condition.

| In carbon tearacﬁlﬁride bromine gives ArginBrowhereas
iodine in chloroform at « 40° produces swno=-substituted praﬂﬁct
(1433 = 24). The hosn widely used reacsion ig the dispropore
tionation with SnCly which furnish good yleXds of triaryltin
chloride, diérylnin dichloride and aryltin trichloride (1,34,35-39)
‘under proper sxperimentsl condition, Sulpher reacts with tetrae
phenyl tin to yield phenyltin < sulpher polymer chains and
diphenyl sulphlde; sclemium yields only a monolingersion product
(40u@a); o macﬁénistic study has been made On symaetrical tetrae
aryl tin compounds, the mechanisﬁ of aryl-tin bond clesvage has

besn derived from unsymmesricsl compounds.
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115, Unsymmetrical Orgenotin Gompounds

1. Ungymmetrical tetraalkyltins

The kienetic scheme which deseribes the resction of symmeirical
tebrealkyltins with electrophliles E - N is also valid for the same
-reaction on mixed tetyaalkyltins and csn be tged to explain’moat

of the experimentel data. Only zheliﬁporaant dirference betveen
this case and ﬁhe former one are the nonequivelence of the alkyl
groups bound to the metal astom in mixed derlvatives; this introe
duces & new parsmeter s the selectivity, which depends dramatically

on experimental conditions.

(1) Reactions in nonpolar solvents 3

The preaction of bromine with propyl trimethyltin in chlorobenzene
is desceribed by a ratilo Kgcﬁe;/kg(Pr)-- 60, sh@wing a rather low
gselectivity, However the ratio.decreasas t0 4.3 in the presence -
ot tetraethyi tin (22), alshough it dowes not vary with concentrae
tlon of Ms3SnPr. The mlxing effect may be ascrided to the following

reactions s
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' - + /RX"'X SnMGB
R Sn Meg + =R Meg Sn — X
' ‘ ‘S MeX + X Sn Meg R
! . | - + ! Y
By Sn + X =Ry Sn = ¥ — RﬁX%‘RgSnX - (35)
+ RX + X Sn Meq  + Sn
Me3+R4_Sn———x2/7 3 + B4
T MeX 4 SnMeg R' + Ry Sn

(34)

B»Sn '(36)

-+ - :
Since Rq Sn = Xg would be more electrophilic than X3 , the selec-
tivity of the cleavage would decrease. '

On the contrary the presence of trialkyltin halides have
two important effects on the reaction of tetraalkyltins with
halogens 1 | |
a) & decrease of the relative importance of the third order term;
b) An increase of selectivity. Kg (Me)/,Kz‘(Pr) increases from
6.0 to 7.1 when triethyltin bromide is added to the chlorobenzene
solution. .

Tﬁis ma& be ascribed to the formation of §enta'co-ordinate~
species due to association of the trialkyltin halide with the
tetraalkyl tin coapoundse.

The observed reactivity sequence for halodemetallation of
MegSnK in chlorobenzene is R = t = Bu) Me=< l-Pr) Pr = Bu with
the rate constants lying quite close together so that halogen in
solvents of low polarity does not digeriminate well belween |

different alkyl groups. Abraham and Hill (12) has classified the
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reactions in nonpolar solvent as SE1 (substltutlon, electrophilie,

internal) which includes cases lying in between pure SE2 and

SE° (substitution, electrOphilic, via co-ordination) mechanism.
The low selectivity’observed for the reacﬁion of halogens =

with mixed tetréalkyitins in nbnpolar solvents has been used for

qualitative identification of organic groups through tpé alkyl

halides formed as products of the cleavage (43);

(11i) Reactions in polar solvents

As discussed earlier polar solvenis :render nucleophilic assisw
.tance to the tin atom thereby increasing the polarity of Sn - C
bonds. The reactivity sequence observed fdr éleavage of R group
from MegSnR oOr EtgSnR is R @& Me)Et) Bu“fPr>t - Bu: The spread
of the rate constants in a ;uch serles is considerable so that
there is & high degree of selectivity in halodemetallation |
reaction in polar solvents. The reacﬁivity of R group in RssnR/
is also profoundly affected by the nature of the leaving group
RaSn. ' |
Theihigh degree of selectivity of halodemetallations in
methanol has been exploited in the first practicable synﬁhesis of
fully unsymmebrically substituted tetra alkyl tin (6,43): The
same-principle has been utilised for the synthesis of chirai tin

compounds (50)
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‘ é. Stereochemistry of bimolecular electrophilic substitution at

a saturated carbon :

Not many studies have s0 far been made on the stereochemistry of
SE2 reactions in organotin compounds, However, the results so
far obtained indicate that feactions involving open transition ste-
te(SE 20) proceed with complete»inversion of configuration (44)
as shown by Jensen (45) on the bromodemetallation of secebutyl
trineopentyltin in Methanol. On the contrary SEz@“ reactions,
which go through a cyclie transition state, should occur with
retention of configuration (46). Of course, substrates for which
ﬁhe iaversion of coufiguration 1is unfavourable such as Cis or
trans = 2 -\methylﬁcyclOprOpyl trimethyltins or4(+) = (lemethyle
2,2 diphenyl eyclopropifyl) « trimethyltin (47) for instance

react with retention of configuration even in polar solvents,

\Ag
Sﬂ(CﬁB);‘__} 4

This general hypothesis seems a8lso t0 be valid for SEZ reactions

on other organometallic.subétrates, as shown by Brown (48) who

studied the bromodemetallation of trieexo-norbornyl-boron, which
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occurs with full retent ion of coni‘igu.ration in THF wher'eaé the
same reaction ﬁakes place with full '1nve:fj's'ion of configuration in

the same solvent in the presence of methoxide ion,

3. The reactivity sequence and SE' mechanism

i ‘ |
‘Phe reactivity sequence for the bimolécular replacement of a
constant RgzSn group by an electrophile (iodine or bromine in

methanol or in acetic acid (5), Hngf-’;i‘n methanol (20) 6r ‘bromine

[ [ 5 '\
in chlorobenzene (5) s P
' > . L
,’.\ ‘ \‘\1 \\i
' , l - A S
ReSiRy+EeN = RaeEj+N = 8nRg \ \\ (38)
can be described by : ' | \:\ \»\

\\ \
/
R = CgHlg = CH0> CH3> CHg = CH3> (Cﬁg\)p CH > (CHg )30\.\.
This sequence, generally associated with SB 1 reaction, shcus that
that the stabilization of the partial negatlve charge appearing
on the different carbon atoms affer this first complexation 'step

| - +
N + RgsnR =——> RgR Sn'= N (39)
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plays a verj'important role. Electrone-attracting substituents
accelerate the substitution reaction znd it is reasonable to ex~
pect that strong electronesttracting éubstituents.cquld sufficia=
ently stzbilize the inciplent carbanion so thaf the complexatibn
would be no longe; dependenh on the attack of the electrOphiLe on
the carbon atom, giving: thenqa monomolecular electrophilic subs-
titution, However it has not yet beon posszible to find an
aliphatic elect rophilic substitutipn with a fi:st-order rate
equation, |
mhe reaction of benzyltrimethyltin with iodine in methanol

is a second order reaction, but poorly electrOphilic reagents do
not react with this organotin molecule if a strong nucleophile is
present, Eabqrn (42) has indeed shown that the reaction of m-~chloroe
benzyltrimethyltin with water. in ethgnol yields ﬁ~chlorotoluene

and is catalysed by hydroxyl ion. The electrophile is unfortunately
present in large oXcess and it is thus imposbible to determine
whether it has to be ¢ncluded in the transit;on state or not.
Nevertheless the nucleophilic catalysis is onece more i?portant and
kineticlresults suggest that there is a considerablg negative J
. charge on the separating benzyl group ip the transition state.
This reaction ﬁight be an example of a monomoleéular electrophilic

substitution SE 1 at a saturated carbon atom,
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Tricthylstarmyl acetone (44) rescts very fast wixh jodine
in polar solvents (like methanol, IMSU) 1s probably asl‘reaetien,
but 14 not confirmed

{=)
Eugin « CHg0OCHg + 8-— 8ty ?g(*s CHzCUCHp

rate

+ o
= Etabng + « CHoCOCHg

{40)

The high resctivity of o = functiocnally substituted organctin
compounds could be aseribed also to a possible monomolgeular
mechanisme Trialkylstannylacetone or the cormesponding ester op

nitrile resct with poorly electyophilic reagents such as benzyle

helides
N\ ‘ :
C— C¢=—= 20 —
a N & R/. }{._e\c «a =0 + RaSﬁK {41)
Raén ¥ ‘L v
¥ s CHy or 08’

or with trimethyl silicon chloride (861) s

(cg )z CH = G = ON

& MeaSiCl = (CHg)olH » CH = CN 4 DuaSnCl
Sabug @810l = (CHg)ol , as

5oz (42)
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hel'ormatsky « typée reactions can also be made with those derivae
sives showing that aldehydes and ketones are electrophilie
enough to cleave the € « Sn bonds of these funetionally substi-}
tuted organotin derivatives. The formation of corresponding

@« triorgonostennoxy derivatives s

" ) p

R B CHg = ¥ Hy0 R CHosY
\ o —_ r ™ k N d N\ /7
K e R Osnkg R o
{43)

is almost quantitative and the products formed ars very pure.
This is therefore, en especially fecile orgenometallic method of

functional chaln extension (52).
1IE , Unsvametiical vinyile end acetylenic devivatives s

a) Llectrophililc subssitution gt en olefinic earbon a tom

i) Sterecchenissry of bDimoleculsr electrophllle mubstitution
reactiong at an olefinic ecarbon atom & retention of conflgurae
;ion 3 The reaction of the type s

I ]
>c=(}‘-24}ﬁh '+E-1§=>C=C~E + NaMR, (44)
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Occurs generslly with retention of configuration, iﬁ agreement
with the rule stuted in 1948 by Nesmeysnov snd Borisov (53).
Cige0p tmna-d?}pmpenylﬁsin dichloride react with Hgipto
give pure cis-oy trens-#rOpenyl-mﬂrcuri éhloride reapectively (53).
Tetrapropayltin elso reats with retention of coniliguration
with butyllithium (54) end phenyllithyfina (55).
Cls=0r trans = butenyltrimethyltin reset with iodine in

methanol =21s0 with ratention of configuration (30).

(i11) Hechanism of bimolecular elecirophilic substitutlon at an
olefinic carbon atom s The yates of reaction of a series of vinylice
organotin coupounds with lodine suggests shat the transition state
must bear & rathér localised.pésitive charge centersd around the

ecarbon atom. & fully dipclar structure favolving a complete
breskdown of the  bond should be disregarded since.shis would lead
tb free rotation around the céntral ¢« ¢ boude & fnlghly polar

t revigition state ¢
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is suggested (30) in order to interpret the reactivity sequences
(a) and (b) ¢

HgC |
(a) (CHg)g C =cH-3% ~ ¢ o
| . \

— am : _ /
HG = CH- ~ HE = G

(k) R = CH3~C2H5> nC4H9>iso Cghn

and the observed salt effect and the retention of configuration of

vinyl group.

(b)‘ElectrOphilic substitution at an acetylenie C atom ¢ The high
polarity of alkynyl - tin bonds facilitates both electrophilic
attack at the carbon atom and nucleophllic attack on the tin atom
(56 - 58) making Sn = 0 =C = bonds extremely labile. Thus
cutt ana bg™ break 8n - ¢=C bonds (56) while RgSn - C = C ~CHg-
CHo = 0 - GH = CHg reacts easily with butanol with the cleavage
of 85n « C=C bond (583, ‘

Cl « C=C = SnMe reacts instantanecusly with water (52).
Tricyclohexyltin halides are electrophilic enough to clgave the

acetylenic carbon « tin bonds af bis~ (trimethyl stanayl)
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butadiyne (60 « 62), Bromine cleaves diethyl (triethyl - stannyl
ethynyl) phosphonate EtgSn = CE?C = P(0)(0Et)o (58). Aldehydes
and ketones are able tocleave the Sn « C bond of Cglis = C= C «SnEtg.
Chloral (63) and cyclohexanone (64) also react with these come
pounds, -

In the presence of bases, RgSn - C=C - CHg 1s ilsomerized

into the allenic and propergylic compounds (65).

B B :
Rgn = C=C = CHg= RgSn « CH=C = CHy—=RgSn = CHy «C=CH

(45)

1IF. Unsymmetrical aromatic derivatives

As would be expected from bond polarity aryl - tin b&nd'is
more reactive than alkyl - tin bond consequently aryl - tin;boﬁdi
is first to be broken whenever both types of groups are bondéd :
to tin (1), .

It has been found that dry HCl in methanol or even in
benzene, cleaves only one aryl group (44), whereas halogénation'
has to be carefully controlled to achieve the'séme rasult (33).
The most general sequence for electrophilic Sn - C bond chleavage
is thus s

allyl > aryl, vinyl ) alkyl.
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However, free radical and alkyl or'afyllithum induced cleavage (44)
may follow other sequences,

It should be stressed that no reaction involving C « Sn
bond cleavage could reasonably be regarded either as a purely
electrophilic substitution at the carbon atom or as a nucleophilile
displacement at the tin atom, Kinetic studies can, however, be
used to determine whether a glven reaction is closer to an electro=-
philic substitution'Or a nucleophilic diSplacément.

Where kinetic or mechanistic studies are not available, the
situation 1s obscure z2nd no decision can be reached, as in.the
ingertion reactlons of & or Se in a carbon = tin bond of tetra-
phenyltin (40 = 42) or in the pyrolybtic bimolecular elimination
of trimethyl iodide from iodobenzene énd hindered phenyltrimethyle
ting {63},

a) Electrophilie substitutibn at an aromatic C atom, Aryl! triale
kyltins have been cleaved under a variety oI conditions, and

kienetic resnlts are available for jodine in carbon tetrachioride (69),
in methanol (70 = 74), in chlorobenzene and. cyclohexane (44),_for

HGL (76) =and bromine (77) in methanol, for HC1Q4 in methanol =

water (78 = 79), for mercurie acetate in tetrahydrofuran (80) and

for the solvolysis in acetic acid (81l). Iododestaanylation in

nonpolar solvents like carbon tetrachloride, cyclohexane etc. 1is
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second order with respect to the electrophile, the cleavage is
therefore believed to oceur by papsicipguion, in the rate detere -
m;ning step, of lodine = aryi stannans cbmple; with a sacond
iodinevmalecule (69). The'aaccnd lodine molecule probably acts as
8 nueléaphile on the tin atom since very small amount of methanol
added tO cyclohexane stirongly incresses ﬁhe rate snd progressiﬁély
restore a first order reaction.ﬁith respéct Lo hélogen'(44).
Despite thls a redsonably good corfelacion between the rates and
substitutlon constants (69) nas been observed. With mercuric
acebaéé in THE (80) there is linear correlation of log (X/ko Vs &
rather than .Gﬁés in classicel aromatic subssitution, éuggasting
that & localised G complex is a poor approximation 0 the true
transition state., Un Lhe other hand, halodemetallation in more
polar golvents like wethenol ond acetle acid 1s gtrietly first
ordser with respect t0 the electrophiles the cleavage can be regare
ded as s sinmple aromatlic substitutlion. The rate constants also
reasonsbly correlate with (§+subati¢uent constants,.
fne rate of gleavage is alsO affected by the size of the

leaviﬂg.group, the rate being decreased as the s&ze of the aikyl
group increases (71). fhis has been aﬁtribunéd $0 8 steric inhible
tion cypoéing the atfack by thé entering electrophile (73). brtho
effocus show up as a delicabs balones hetween retsrdéatlon of

elactrophilic attack and aceeleration by steric decompression s
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when the leaving group is - cn{CHgz)a, two orthomethyl groups na§e
no specisl influsnce at all, but with bulkier « Sa(n Cally)s group,
the two ortho methyls induce a slight rate enhsncement beesuge of
she relief of the overcrowding in the gtarting material {(74),
This steric accelerasion is, however, much less pronounced here
than in the case of asnalogous silicon compounds (éa,se),' the
difference betwaen 8i and tn derlvatives 1z due $0 longer € « Sn
bond which holds the interacting gicups further apart. Beceouse
of its negligible effécﬁ on the electronie properties of the'aro-
satle systems (72,86 « 87) trialkyltin group mey beiused 50 study
electrophilic sebgtiturion on the asromstic carbon estom.

Though mechaniszsiie or kinetic studies are w0t avallable @any
other electrophilic subssitubions, such as the redistribution with
tin tetrohelides (88 - 89), reackion with CgligPCly (90), BCln(88)

oy BBrg (81) have found interesting synthetlic uses,

b) Nucleophilic displacement at the tin atoc.

ubstitvuted phenyisrisethyleing react with zodium smethoxlide in

33

mathanol o yisld srimeshyliin methoxide and the corresponding
substitutod benzens, The kinetices of this rezcclon have been
studied - by EBabom {82), the substituent effects roughly parsllel

the yesulss for the base cmtalysed hydrogenr exchange raaction in
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aromatic hydrocarbons, suggesting that the transitlon states hear
sOome reseiblance Lo analsgaﬁs phenyl carbenions.

‘Perhalo aryloins undergo facile base catalysed cléavages;
Thus (C€$534|ﬂn is cieavad by KOE ss easily as by HCl (93}; ‘
Cegfgon(CHg)g s=olvolyzes in agueous methanol, but & trace of ncid
completely inhiblis the reacéi@ﬁ'(94)§ erystallization of
Celigin{CBg)g in ethsnol contalng somé K gilves peﬁtafluorobenzene
ond trimethyl tin fiuoride (95). ‘

Raaetiéng of phenyl sin chlorides with chelaaing agent s
such ms B=hydroxyquinoline ste. in M5S0 (12,06-97,26) at elevated
temperatures in which Benzene is formed thfough tinephienyl bond
cleavage probably proceed through nucleoPhiliic attech af the
tin, Yther examples include the cleavage of cérboranyl < tin bond
by kln (32), or the very fast solvolysis of 2epyridylirimethyl tin
in hydrozyilc solvenigs {(85). |

Bis (triphenyl tin) oxide, when atflrred wish Cdlg in
diethyl ether, slowly breaks Ingo polymeric dlphenyl giamnncxane,
(Fh;500),, 2nd benzene (75), apparently by the actlon of water |
progent In tha solvent. Intevestingly, Cdis does nov toke port
in the overasll reaction, Thisg resciion probably gozs shrough a
neclsopndlic attack by wecer at the tin atom which msy be rendersd

sufficientiy slectronegative through withdrawsl of eleenron density
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by the formgtion of complex Of the type (Phadn)gl - Cdlg « This
is supported by the fact that similar cleavage cannot be induced
by Cdlg in triphenyl tin oxinate or triphenyl tin carboxylates (82)
whlch contain already pentaco-ordinated tin stom. | .

A8 would be expected nucIQOphilic displacemanﬁ at the tin
aton 1s facilitated by eleccrén withdfawing group. The reactivity

seguence for the nucleophillie ettack is ¢

fthynyl, fluorenyl )aryl ) saturated elkyl.
9

on the basis of preceding discussion the following generae-

ligasion nmay be made conceranling the rescclvity of tinecarbon bond s

(1) The reacmivicy of the tine-carbon bond inereases with its polarity.
Since the polarity is dependent on the hybridisation of the bonded

carbon atom, Lthe reacstivity sequence is 3
C (BP) = Sn> c(2r2) - 3n> c(3P2) - sn.

‘(2) tne mechanism of electrophilie destannylation is strongly
~ 4nfluenced by the solvent polarity. Highly polar scivents like
methanol and aeesie acld favour the formetlon of open transition

state (GE 2) and the resction generally proceeds through inversion
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of configuration at the cerbon atom, while nonpolar or weakly

polsr medla generally favour the formation of cyelie t?ausitigé
, 2 oo

state (SF° or SE )y retention of donfiguration being the

nornal feature,.

(3) The reactivity seguence for destannylation in methanol or
!
acesic scid for the group R in RgSnR is R = Me > Bt ) Bu ~ Pr)
1 - Pr;> t = Bu, High degree of selectivity is possible in these

solvents and may be therefore used for the aymthesis of unsyummee

tricsl tin derivatives.

" {(4) Vo defindte reactivity sequence exists for nompolar solventsg
usually the rate congtants lie close together resuliing in 2 very

poor selectlvity for the alkyl groups.

(5) Under favourable conditions tinecarbon bond clesvage through
nucleophilic digplacement at the tin atom may also Occure, but 1%
i3 less common than electrophilie substitution gt the earbon atom,
The nuclecophilie attack at the tin stom ls facllitated by electron
wvithdrawing groups.

On the basis of “isolated molecule approximation) Majee and

Gupta has proposed two theoretical reactiviiy parameters, vizj the



Z =« index and bond polsrisabllity index (66,0899) for the intere
presstion and correlsiion of the reactivity of organometallice
compdunds. :he experimental rate constants in a large nuaber of
cases have beean shown 4o corretale falrly well with their calcue
1ated resctivity indiees. The effect of C « M (M S 31, Ge, Sn, Pb)
bond @ﬁergy on lts reactivity and the large spread in rate
constonts have also besn interpreced by Majeec. In a wore recent
study Majee has proposed a new approach to the incerpretation of
she metalecarbon bond cleavage resctions using the concept of
isovalenf hybridisation which is capable Of explaining almost all
she experimental features including stereochémiatyy at the reaction

centre (67).
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Introduetion :

III A Considerable amount Of work on the action of chelating
agents like 8ehydroxy quinoline (1-6), carboxylstes (6), dithioe
carbamate (7), dithiophosphinate (8), tropolone (2), dithiozone
(10 - 11), 1410 phenanthroline and 22’,b1pyridﬁ.ne (12 - 14),
acatyl acetone and pleolinie aeld (16 -« 17); 2«thenoyl trifliuore
and P «fivord benzoyl acetone (18), thiocysnate (5) sic, On
orgsnotin compounds has been reporied in the lilterature., Both
monoprotle and diproiie chelating agents ars known to raact wilth
phenyl tin compoundé forming s number of organdstin complexes
throvgh phenyletin cleavege. 4 number of organotin derivatives
of oximes and hydroxylzuines formed turough the replscement of
hydroxyl hydrogen atom has alsc been reporced {19 - 31).

Gince the presenc siudy 1s primarily concerned'with she
reactiong of organotin halldes and carboxylates with leniirosoe

2 napehol (1) end Keto ~ oxlmes of she type 1I, all of which

NO

. QID"DIOH b
| | By - C = 9

I



uﬁ&-

can underge, atb Ieaeh.in'prineipie, tautonerism of the type 1iI,
it would be desirable t0 briefly | |

~¢ s N«OH N0

0 ~GH

\
Y]
8

Ii1

reyiew the nature and type of Grganotin hydroxylemine and oxine

derivatives first,

B Orgenotin hydroyylanine and oxime derivativess

This toplc has besn rocently reviewed by MehroSrn stal (19}
Like sllicon and germenium, tin fOorms a nuzbsr Of Orgsnce
matallic derivasives with.hyd?axylamines and oximes thyough the
- replacement of the hydroxyl hydrogen. Thesg eGapdunds arz inpore
tant Industrlally because of thelr uses ss bactericides, fungle
cldes, insecticides ond herbicldes {21 -22, 24 « 28, 31).

{a) Methods of preparstion ¢ Orgsnotin oxlmetes are generslly

pregared by one of the following methods 3
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(i) By the reaction of the sodium or lithium salts of oximes with

organotin halides {20 = 82) 3

1 n

Reuy 806l + nNa(Li)O¥ = CRR —

. Jl n '
Rgup Sn(0¥ = CRR ).+ n Hael(or Liel)

]

{ii) By she reaeﬁim of hexaorgano stannoxanas with oximes

(20 - 21, 23 - 20) 1

)

‘ o
(Rabnlde O+ 20N s QR R —s 2.‘&3%'5;:1{}}3 = CRE + Hgg'

{1i4) By the resction of triorganctin hvdroxides with oxines
(20, 23) s '
!/

. I h R
BSndi + HO¥ 8 CR B —> ReSuOH = ciﬁﬂ + Hpl

Hydroxylemivne derivetives also bave been prepared (30) by the

nershods II gnd 111 using hydrozylamineg insteéd of the oxime,

(1)

(2)

()
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(IV) By reacting alkyl tin alkoxides with oximes (20,23 = 24,
20, 51) s |

noon Nt

’ I ~ /
Rgon 8n(OR), ¢ nd0 s CR R — Ran Sn(MN s CR R),*+ nROH
(4)

(V) Orgenotin derivstives of a dieysno formaldehyde oxime have

been prepared by the foliowing reaction (32)
Rofngly + 24gl 5 C(CN )y — Rén [ 08 s c(CN )2] o +2agel (5)

(b) General Properties

(1) Organotin derivatives of oxime and hydroxylamine are generslly
volatile and c¢zn be dlstilled unchanged except the types
! t t
EZSn(OR) (WNE ) and Rgsn(aﬁs ol e

(i1) Ozimates of tin are readlly hydrolysed by water to give parent
oxime guantliatively (20,28).

o

4 ) rn ,
Ry 5n(0n = CR R ), + nHx0 — Ry, 5n(0H), + nR R C = NOH

(6)



(11i) These compounds react with acyl or benzoyl halides forming
orgsnotin halides znd Qeacyl or U-benzoyl oxime (29).

m

! h
Rg.n 50(0N = CR R ), + nR COX — Ry Sni,

ron M

+ NRR C - ¥O,COR ' (7)

(iv) Exothermic clesvage of Sn « U bond in-thegse compounds

occurs with orgsno germenium and silicon ehloride (20,34-36),

J " "

.
RgSnOif = CR B + Ry MCL —> RgSnCl # By MON = CR B (8)

[# = 84 or Ge]

Ce Organotin derivatives of ¥ « benzoyl hydroxylamines s
in gddition ©o the orgsnotin hydroxylamlnes a few Jetriorgae

not in N-benzoyi hydroxylamines have also been reporsed (30) s

These are s.

L

RgSnUNHCOBh ( R = Me, n = Pr)

Me, 0 = Pr, Ph)

L]

RaSnONPhCOPR . ( R
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. Attempts (o prepare PhaSnONHCOFh from PhzSnOH and Nebéngoyl
A hyﬁr&x&lamin& results in Snphg. However the lonle specles
ugt (pnaggééggé_—) has been reported (33).
K3 these compounds are inert to hydrolysis and stable (23),
the increased stability compared to slople oximates 1w assigned
%0 the inecrease in co-ordination number of tin via intramoleculsr

co=0rdination of GO group to the metsl as £ollows

Fh-
0 =— ¢
'Ei\\én /:EER
B/}’} 0

Ds Structural feature 3
Structural studies on organotin hydroxylamines and oximes are
linited o only a few deriv&tives"and the coneclusions derived
ape mosStly tentative. 4 lowering of"V(Cﬁ) by 20 - 50 cx”F 13
observed for the oxinates of tin which i1g assigned 10 be due
to mass effeet (20). ' ' |
On the basis of comparative gpectral date on vrimethyl tin

aceﬁoxfmata—(ﬁﬂa)gﬁnﬁﬂ = C(CHz)e and eyclohexanone oOximate
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(CH3)3$n0§=:<::> in the range of €00 = 300 cmfl, Harrisoq and
Znckermen (20,30) concluded that the latter compound tended to
assoclate unlike the former or the other higher alkyl and aryl
tin anslogues. The gquadrupole Splitsing'datazin the Mogssbauar
spectra aelso indlcated a higher co-ordination number for tin in
trimethyl tin cyclohexanone « oximate

Mess spectral study of trimethyl tin' cyclohexsnone-oximste

(20,33) supports a structure having the dimeric units with eyelle

SnRo\‘sn bridge rather than the &n :;) Nj‘ Sﬁ ‘ring. The tendency
for aligomerigatiqn is not yet understood In contrast to acetoxie
mat ¢ although the 8Sterie requirement is probably more demsnding
in the former,

Diorgauemin di@thfl hydroxylamines of the typs
Bughn(UR) (QNE Jo (RS E , 1Pr) are reported to give molecular
assoclation ~ 3°0 1in bolling benzene. The essoclation of these
derivetives 1s thought t0 be morse likely through the SniESnH
ring. The presence of &n « 0 « N bond has béen established in
compounds of the typse R4’n‘Sn[:0ﬁ = C(CN)EJn (32) by IR
spectral study (37).

Unlike the simple oximatés‘ﬁ-phenyl Nebenzoyl hydroxylamnine
derivatives RaSnONPhCOPh are monomerlie in dilute chloreform solutlon,

though O = (tihimethyl stannyl) Nebenzoyl hydroxylamine
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(CHg)a SnoNHCOPh shows some assoclation vis hydrogen bonding.

The crystal structurs O0f Phg8nlNPhCOPh has been detere
mined (38)e The compound possesses a trigonal bipyramidal
arrpngenent of the group around tin, with two equatorisl and one
axisl Ph group. The hydroxylamine residue 1is covelently bonded
at eguatorlal site snd the CO group is coe-ordinated via axlal
site. The strueture is consistent with the lowsping of C=0
stretching frequency from 1620 en™% 1in the pareni hydroxylamine
je] 15%6 cm'l in the O«triphenyl derivatives.

Though Phg3nlNPhCOPh is moanomeric, the corresponding
methyl derivative is assoclated in the solld state into dimerie

species which wsy have the followlng structures s
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R Ph

! !
O—H—¢c =0
| ‘ | N
Hegsn . /Sm‘{ea
Q=€ —-N—0
| !
Ph R
(a)
Ph
1
c
2\ /Ph
0 NR R ¢
! l 0 ﬁ/ >
~ \\
Hendn—— O Me.Sn SnMeae, -
33 \ \ /3., \N~ 0/ 3
4] an 0\ /l
l 1 ¢ R
j3i) 0 l
™S Vi Ph
Cc
1
Ph
(B) ' (C)
iMe 4 He He

l ; C ! {
CPh & 0= Spe—ONRCPh® O Sn=UNRECPh & O = Sp-UlR
s ’ Ve ’ T Vs ’

He Me . HMe Me Me  Me

(D)
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Though the experimentél data can not be used to distine
gulsh bet%een 4 and C, structure involving dimerization via the .
farmai;ion of distennoxane ring is prevelent in the organotin
chemistyy (39). Similar co-ordination dimerization equilibrias.
in solution have been found for 1,3 disubstituted distsunoxsne (40)
and dlalkyl tin alkoxide hallde (%1).

The mass spectra (33) for MegSndiHCOFh  and MegSnONPhCOPh
Indicates the assoclation, High resolution mass moasireient
have conflirmed the preseace of &n-0e-8n beckbone., Mass speetral
giudy ageln suggests the novel ring contraction reacticn invole
ving elimingtion of oxygen from the cation MegSnWPhCOPh*and
phenyl nitrefie from MesSnINPhCOPh 3

S N
Mes8n —_ [0 3] 4 Hegbn\ /G Ph (9)
\0 = G Ph °
'
o -C%
:aaesn/ | — [Phﬁ:] + MegSn/ 01}70 Ph
N \0/
0% Cprh
\[-002 : (10)
HepSnph'
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The latﬁér decarboxylation prpcess.is well known in the Organde
metallic chemistry (42).

IR speectra (33) of thesge compounds show a loweriang of
Q(C*= 0) stretdhhinglfreqpency from 1620 em'l in the parent
hydroxylamine HONPhCOPh to 1540 = 1557 em™* in the compounds of
the type RgBnONPLCOPh. |

The hydroxylamine HONHCOPh gives two bands for V(¢ = 0),
1679 cn™t ang 1668 cmfl. In this esse slso similar lowering to
1570 en”! - 1540 en”L are found for the compovnds of the type
RaSn(¥HCOPh, These types of compounds again exhibit broad NH
stretching frequenecy at 3200 cm‘l. 411 the compounds show‘Q(ﬁ-O)
stretching frequency from 900 en™t to 940 em”l along with the
parent hydroxylamines.

The trimethyl derivatlves are expected 50 ihow W0 bands
for antlisymmetric asnd symmetric sirstching freguencles in the
region 500 = 600 em™1, In this region both HegSnPhCOPh and
¥ezSnUNHCUPh exhibit three bands. For MegSniVPhCOPh  the bend

i

at 508 em~t 1s clearly resolved into 507 and 497 ea +. For

MeaSnONHECOPh similar splitting is observed.

Be Objective and scope of the present work s
Despite the attention glven t0 hydroxylamine, oxime and related
ligends, nitrosonapthois, 6.ge. l=nitroso Z2enapthol and Keto

oximes e.g. diacetyl monooxime, have received comparatively
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liﬁtle attention though. all these compounds may act like oxime
due éu tansomerisn discussed earlier. The first reported work

on the sction of lenitrosce2enapthol on organotin compounds
appeérs t0o be due to Qkawara en&; {43). Okawara etal have found
that dimethyl end dlethyltin chlorides react with 1-nifirosoeoa
napthol in methenol in the presence of ammonia to from tetrs .
alkyl 1,3 bls (lenltrose-2enapthoxy) distannoxanes. However with
¢l nepropyl end 4l nebutyl tin dichlorides corresponding tetrae-

8lkyl 1-(l=-nitrcsoe2enapthoxy)=3 chlore distannoxanss4were

obtained.
R R
t } :
N 1ol @« 50 » D = - - - b -
- OiCygiig? - 6 Sn = 0C3gHGNO R - CHg=, ColHg = |
R R
R R . . .
{ ] ? R - nc -
WCyoHEY = 51 = 0 = Sn = CL [ catires
;{ 5 | - nCgHyo=

No monot in derivatives were however obtained from these reactions,
Recently Mehrotra etal (44) have describsd the preparation

of a few monoe-tin derivatives of 1-nitrosé¢2-napﬁhoxide thirough



the reactions of dlalkyltin diisopropoxides with lenitrosoe
2 napthol in the molar ratlo of 1 3 land 1 ¢t 2 In dry besnzene

solution. Two types of compounds, viz,,

(1) Rg8n (0CygHGNO) O=isoPy

(i1) Rgsn {0CqgHgh0)g

have bsen reported as the products. It is worth mentioning st
this point that we have failed to prepare poy mono~tin 2erivative
in our study with lenitroso«2enapthol énd rplated systens using
reaction conditions where 8ehydroxyquinoline, hydroxylamine and
oxinme give well define mono tin derivatives, Iﬁ fact the prasent
study which began bhefore the publication of report by Mehrote
etal (44) was almed at the synthesis of monotin derivatives of
lenitrosce2engpthol. |

The failure to obtain monostin derivacives of lenlirosoe
Zenopthol under conditions where‘apparently sinilar llgends yield
the desired products, grcmptéé ue to undertake a gsystemstle study.
on the reactions of l-nitrosv-2-napthol, dlacetyl mono oxlame,

slphaebenzll oxime ete. on a variety of organctin compiunds, viz.,
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triorgsnotin halldes, carboxylates and hexsorganosin distennoe
ane ote, under different conditions with 2 view t0 understane

ding the peculiay behaviour of thils group of ligends.
Resulss and discussign s

1. Summary Oof the resulis on reactions ssiudied s

The condicions of reaetions and the produets together with
possible-sﬁracture formed in différent reactions are given in
the teble I, II and 11I, Because of extremely low solubility
of most of the products in all common sdlvents the formulaeand
strueturés given In tables bhave been inferred from elemental
analysis snd IR speetra together with UV - visible spectre

where possible.



-7 -

Table I : The rescticns of tricrgsnotin compounds with lenitrosteRenspihol.
Trd Mole Coneliditon Hature cf' the Produets Analysis found The products angd
opgsd ratlo uged (Caleulated far their prohable
tin come Triore struetures
pounds geno tis . Colour ap/ Solebllity C© H ¥ in '
‘ - eompounds - Degome 4 ' ,
Ligands ' poeition
- poingPo
‘ o C
PhgonldaC 13 1 Refluxzad 4linite >36ﬁ° Insoluble 385.0%  2.95 42,83  FhieSn{Uag Jel- Sn(PA)(0A:
: {a 5lig’m: for 7 ‘ in 211 { 35.47)(2.96) - {43.88)
excess of hours lu coRmon , '
the liga= benzene golvanbs,
nd uag o s*aringls? |
used) - : . solublie i 30 o
hot Chely » ?ﬂ 0 O4e
Bed 360’  Sparingly 4371 2,32 35T 305 Fhesn > Sne0R
. .sﬁ‘ublﬁ 1»1(53.!3; (e.OG) ( (302} l g N\
all common B - Ch -
aolvenisg,
sp'zri"l&lv _
in pyridine Ch Ch.
: . ’ ‘ L
Cyviolet  H36G° Springly 50,47 2.4  8.36 (2638  PaeSn-0~SneFh
50 modera=(49,7) (2.23) (2.22) - (27.35) s
tely z0lue~ Oae Oae
hle in :
Q0 EMO R

solvents



-7 -
Table« 1 Contd,

Tri organo” Hole Condie Hature ai_‘ the ~ Analysis
Sé‘; compou- %?»ﬁ?-g t1on ST OGS e found (Cslculated for) @ zgiigmfggt gland
a= y - : weir prabable
o tin . %% , ggg?f ity ¢ ®B ¥ €l S8 gtructures
compouti> .. . tion ‘
ds____. | point
ligands ' On

D)Green »360° Sparingly Formed in small amount s, could not be
: soluble purified and characterisad

in common
. . solvents.
£)¥ellow)360 Gparingly
© soluble as sbove
e in cummon o
solvents . (,31’1 o th
FhgSnel =~ 13 1 . Refluxed Gg@g- }86007 Insoluble 16.82 1.77 1.83 4.17 52.86 PheinedeSn .0.*,Sn-OH
a slight for 7  nish in COMMON{ 17,53 Y168 153 )¢ 5o 5 S S
excess houss in black solvents,( J0..62)(1. 48 )8.00)( 52, 52) Ci| 9E| C1
of the - benzene . soluble ' € -
ligand ' in DF.’ : L ‘ .
Was '
usede ;
. B)Green »360 Sparingly 58.72 3.03 4.48 24,00 Chz\Sn_a cn” Phg
soluble (E7.6)(3.3)(4.2) (23.7) pn” " ch

in common _
solvents .
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Tableel Contde.

u ' Watuge of the . Anaf sis
Tri orgeno iole Condi- §r08uc«s found (Galcugated for) & 3 \
tin compou- ratio - cion Colour wp/ SOIUDI= C H N o1 Sn iggigr"?‘;gtgli“d
nds Triorga= used’ , ‘peconi= 1ity : ' tru tg e 2
. no tin ' . ‘posis " structures
COmpoune ~ tilom
ds point
ligands _ %
0 ) :
C)iellow )360 Palrly 50,01 3.02 5.19 - 2243
How ) soluble (50.G2)2.75)5.14) (e1.77) Fhonehg(Cl).
e
. 2ene and : 8n(Chg) (C1) OH
alcohol or

sn(Chy) €1 OH, Hod

Ph g Cgig 3 Ofc = = UCOCHz 3 Ch= = CygH4t05]
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Teble«1l Contd.

Tri Orgeno Hole Condle ﬂ&mrg °§ the inalysls The products and
tin compoue~ Latio tion maux’m i ey d 0L " : their probable
nds ngig;-ga- used ge come 14ty H H N Cl Se structures
| coTpoOnne p{;si-
- 3s tcggt
ligands P o,
e .
Bzgénel 11 Befmwed . 230° Sparingly 42.52 3.42 1.94  a.m2 ?zzg\ Ba
. for reen soluble (43,1 3.29)(2.09 35.4 - S
hourg in yellow in comman X ) ¢ : ) mo lSn\ o/”- Sn\m
benzene solvents cn '
CygSnBr 1 : 1 Hefluxed Green >360° oparingly §7.31 4.3 4.8 22.62 Cya Chg
‘ for 7 . soluble ; “Bne0eSn_
hours in in common{56.58 X500)(42.1) (23.23) Ch~ “Cy
benzene golvents n
. n , P
" (PySn )P 13 1 Refluxed Yellow 160% Hodera- 55.34 4.04 1.96 20.7 P N
(4 slight in bene- tely - Phgsﬁ -"m Fo
eXCass gene for soluble {54.37)3E.60X1.87) {31.64) O N
of ligand 7 hours in common B ch
was used. solvents :

Bz - Cgliglly § CY =

Ch = CIOEGHOZ-



Tabley] : Reactions of triorganotin halides with potassium 1snisrososZenapthoxide.

Hole

Contdie

Rature of the Products

dine

Tri orgeno , found %%giggigted for) ¢ "’he products and
‘tin compou- ratic tlon colouy  wmp/ Solubie ¢ . ®H N n their probsble
nds Triorgse uzed Dacome lity structures
. noe tin pIsi-
COBpoU= tion
ds poiat
ligends On
. B : ' : G /ﬁ1
PhgSnel 13 1 Hefluxes Yellow 160°dKogerately 53.87 2.68 30,02  Phgsn | sreph
ST for 2 - soluble in ~0 N\
hours in CcOmIOn (54.37)(360) {31.64) H Ch
_Meﬁh_an@l, solvenis
. _ ' 911 ?a
- : : o S P Pt 6’? 1-03 49.24 Ba )
Bggnel L o ggflgxea Green >3ao Ingolubls 26,71 2, * enb0-5n-0-Sn-ch
. 8EeOsS kours in 20 L?‘Zﬂ*s (2604&)&65 )( 009@) (50-6) Bz v'l)H 9% é}H
of liga= methanol sparingly |
nd was. soluble
used) in pyrie
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Iable=~2 Conid.

Dt s . Nature of the Products snalysis
Tri orgsno Mole Condie- . found (Calculated for) % Thr products and
tin compou- ratio vion Uolgar wp/  eoluble  © 7N Sn their probable
nds Triorga- used Decome 1ity structures
: , no sin pgsi. ‘
€2EpouUn» tion
ds - point
ligands . Op
| : Ba[ Bul Bu
‘Bu Sncl 1s 1 BRefiuxed 4)Greon >360° nodaratoly 41.85 6.32 39.61 | l
3 | for 2 ___ soluble in | Che5n40-5ia0e5n=Ch
" hours in conmon (41.37(5.98) {40.22) | l |
agthanol solvents » OEL Bu . O
' ¢h Ch
B)Bram 298=4P8paringly 53.84 5.98 3.13 2842 o
soluble Bug=Sn«U=SnBug
in wm@a‘séoa)(\)ns)(do%) ‘(%e )
s@lvents .

[ch < C30Hg W03 = 5y . ¢ Fg-]



Table-Ill 3 Teactlons of triorganotin compounds with dlacetyl zonoxime,

L= benzil oxlae, benzoin Oxime.

Triorgano  Legands
tin compO=-

ungs

Mola Iiuio!'fou'r m.p? % éﬂ-ﬁ e ﬁ ﬁ

ratio Doom
trlorgae pogi=
notin ticn
conpounds point.
llgends . .0

sted for

Pro&gcts and their
probable structures,

anﬁnﬁac Diacatyl
LONQw:

oxime

Ph &ndie Z-nitrosce
J=napshol

1:1  4)uhile >860° Insoluble

Befluxed in common
foy 7 solveats
nours in sparingly?
benzenea 801ubla
in hot
CﬁCls'

B)Yella# Not charscterised

1: 1 - wnite 260° Insoluble

Refluxed in common

for 7 solvents

hours in sparingly

nanzeng suvlupble
in ho:

CHC1g

43,3

42.2
(43.85)

PheSn({24e )e0eSn(rh)
(84c)e0a

Identified on the
basia of speetral
ldentity with the
white compound,
obtained in the
reaction of
PhgSnl4e with
l-nitrogo=-2=napthol.

PheSn(D4c J=0=Sn(Ch)
{ 4)&6 ,)' Q-

Identified as in
above
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Table-I11 Contd

: _ Y Analysis
- Triorgano Legauds Mole _Hature of the Produets  found(Calculated £or)¥ products and their
tin coumpoe - - rablio Golour de.p/ solubility € H W SR probable structures.
unds Lriorgae Deone
_ naiin pOEie
compounds "gi?n
ligands / point
P‘%Sm’éc X-benzil 13 1 white )360‘1’ Same 42,82 PheSn(0ic)=0eSn
. oziae {5 slight (43085)
gxcess of ~ . _
licang (rh) (O4c )0~
Wss used " '
Refluxed ;';ggg;&fied es in
for 7 “
hours in
Cellg
H 4 0Oac
PhaSnOic Benzoin 13 2.4 W@hite 222° Soluble 45.06 3,70 27.98 AN ',
oxine in ¢omson Phe=C =
{cupron) solvents (45.75)8.57) (28.28) | l o

\ Phﬁt’ K/Q
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Table-I11 Contd,

_ . Analysis '
Triorgano Legands Hole Hasupe of the Produets found{Calculsted yror)i Products and thelr
tin conple ratio Caiour HM.p/ ©Ooluble U a N o4  probsble structures.
uads triorgse Doome 1iiy

notir pOsie

conpounds ‘ tion

ligands pout

- OH{ OHT U
PhgSnel  Discetyl % s 1 thi%e )360° Insoluble 23.73 3.76 6.09  42.2 |
' uono (a slight in commor PhefneleSnalaSn=-Ch
oxine SACESS of solvents (24.41X3.17)X(5.86) (42.62) l

1lzand : .~ ChlL Chl, Ch

was used) '

Igefluxea @h (Clig )o£0CN0S]

4 O,I‘ a - N -

long time J . 3

in ﬂeﬁa
Phgingl o - bengil 1:1 White ‘>aﬁd° Polymers of variable compositicn separated

oxime (a slight
excess of

ligsnd was
usad RefluXe
ad for a
icng time
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TablesIII Contd.

oxime

- - A - analysis
érgi organe Legands Hole Nature of the products fonad{Caleculstad for)d Froducts and theip
in coOMpOUe rati TUOIOUT fl.p/ =OLUDLIIL ; 3 s e - :
D coipou t?';.;(;ga— 910U gcgm. s " 5 T probable structures.
ne tin posie ‘
compounds tlon
legands point
condition
used :
‘ | o - —§ . OH
PhgSnCl  Benzoin white 250d Soluble  43.82 3.52 SL.85/ 1 A ]
oxise in common Ph«C Dl O
solvents {45.56)(3.25) (32.2) | ;l) o
/G
S L
BugSnGl . . Dieeetyl 1 : 1 .- No reaction took place. .
7 mond - : : : . )
oxime
BugSnCl Benzoin 1 :l.4 . No resction took place



2, Salient features of the reaction of 19n1troéo-2hnapthol and

relat ed compoundé H

a) Gemersl neture of she products g |

Though moleacular welghts could not be deberained by cryoe
scopic or ebullioscople methods beesuge 0f the very low svlubllity
of -the produeis in all comwon arganlc solvents, analytileal data
invariably Indicated formation of ;;ol?sésénmm:aams of varz,r’:ing degree
wish extenslve eleavaegs 0f BneR bonds. In @most cases, a number of
products ware formed, and only in & few cages a gingle pr@dﬁat was
-obtainéd. In thils respect 1-nitroscx-2-napi;hol d1ifaprs ‘rat;:'fz'e‘r AUl
prisiﬁ.gly from other cheleﬁin,g agerts like B=hydroxy quinolins {1«8),
dithiccarbamate (7), tropolone (9), acetyl acetone and picolinie
acld (15~17) ete, which under comparable reacticicondition
(refluxing in benzens or stirring at room temperature) furaish

producta according to eguations s

Bgbn X + NaOx T RgBndx + NaXk (11)

Rotin X, + HOx +—— RpBSn(O0x)X + HX (12)

Heon(0x)X + HOx — Rzun(ax)a + HX ' (12)
stc.

[0x  =CgHg(N)0-,X = hebogen)|
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. Cleavage of &ne-Ql bond also cccurs in meny coses (58«61).
flowvever the producets of “such cleavage reacilons ave generally
simple. Thus, BpdnXa when refluzed with cxine In benzene furnishes
Sn(0x)oky formed by cleavage of Sn-ﬁ)bonas along wish Rg8n(0x)s,
Formptlon of polymeric products is generally not obgerved, However
with l-nlitroso«2enapthol, ro simple products eould bs isolated,
polystannoxanes of varying complexities are siwaye formed engd
surprisingly no monotin product could be isolsted. The products
ﬁay o devidad into following cetegories s
(i) Distennoxenes s Reactiong of lenitroso=Zenspthol with $rie
phenyl tin acetste, triphenyl tin chloride, tribenzyl tin chloride,
trieyclohexyl tin bromide and bis triphenyl tin oxlde Turnish a

distonnozena a8 one of the produets in each «ases.

(11) polystaennoxanes : infusible and insdluble polymerie produets
gre comacn ia most cases. Though no genaeral trend Iin thely composie
tiocn could be diseerneﬂ, analytical dats suggest the foraation of
polymaerie cheins containing ususlly six tin atoms. In g mumbar of

cases, polvamers of varlabls compositions are formed.

(ii1) Stennoile scid derivatives ¢ In 8 few ecases l-nitrcaoete

nepthol behaves ag & catalyst leading to the cleavage of fneR
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bonds resulting in the formatlion of stamnoiec acld derivatives.
Thus the reaction of triphenyl tin acetate with lenitrogomge
napthol gives a white product uhich hes been definitely identie
' £1ed as phenyl stannoic acetate, [PhSn(Oie) 07 .. |
Dxim@sllike dlacetyl monooxona, X- benzil oxime ete.

also reset simllarly with the formation Of polymeric producis
formed by extensive cleévage of Buel bonds. It is interesting
40 note that dliacetyl mono oxime and KX e=benzil oA me produce
phenyl stannolc acetate from triphenyl tin zcstate Just like

1=nit rog0=2engpthol.

b) Colour and slectronie spéctra of the procduets ¢

611 produets which econtain l=nisroso-2-napihol ilgand
ware coioured. fhe ecdlonr varied from yellow t6 rad snd even L0
Intanse green in sode easaes. Since the elactronie absorp%ion
spectra 0F lenitroso=-2«nanthol and its derivatives could be
interprofied either in terms of the oxime. siructure or the ritrogo
napthol ssructure, the absorption spectira are parSieularly
helpful in the elucidatianiof\the strucwure of the procducts, n
- the basis of elecﬁronic’abaorptian spdeatira, the products could be

devidad into two categories

(1) Yellow compounds 3 In a few cases, @.g.y in the rsaction of

lenltroso=2-napthol with (Phgdn)gd or thst of potassium sait with
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Ph 8nCl, a yellow product was formed which shows almost idene
tical absorption spectra with that of 1~nitroso;2-napﬁhol
(Table=1V) suggesting & closely similsr stiucture (to be dise
cussed jatter). Methanolic NadH has the some effect on its Spec~

trum ag thet of free lignds

Zavle - IV

Eiectronic absorpiion spectira of le-niurosoeS-napthol

and its organo tin derivatives

Compound

Popumula Solvent A@maX in ng

(Colaur}

T-nitrosg=2 . Metbenol 214, EOR, 372

napthol ,

TBly - 87545, 3775
THEla V 274. 8, 382,0
Catlg 280.0, 370.0
et Al ack . EDR.0, 370.0, 420
Meol,/ M acH | 293,0, 370.0, 480,520,

(Concentrated
swintion )
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Table= IV Contd.

GCompound :
Foruula Solyent . A max in nm
(Colour)
Potassiume= Hethsnol 215, 261, 370
l=nitr080=2=
napthoxide, - Concentrated
(Green) : solution in
Hethanol 8056
,PhQSn\o/%nPhg CCly . ARG 275, 37
! ¢h
(Yellow) HeHAMa0H 260(4nflex), 292, 374, 420
Ch Ch
BuSne0-5nBug dethanol 223, 230(3h),330(8h)
(Brown e DMS0 , 230, 330(&h)
Bz g /}Bz
ﬁﬂ»%nfi:o::ISQ\ Methanol '233, 280, 330
Ch €l

{Greecnish Yellow)
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Tablealv Contd,

Cha?n'Q;Sn 0;?n-0h

Methemol 227,

.Compound ,

Foraula Solvent Amax in nm,

(Colour) '

Cy in=OmSnohy Methanol 255, 272(8h), 345, 395, 500
Ch Gy CHCLg - 258, 275, 840, 406, 600

(Green) CCl, 260(sh), 370, 830

DMSO 270(3h) 380 680

Sul Bu] Bu

270(3h), 310(Sh) 380(8h)570

Ch =

- Oﬁloﬂeﬂﬂo

0K | Bu . OH €Cl, 270, 320(Sh),415, 615
(Green)
Ch il:h
Ph-?n-O-?n—Ph Wethanol 825, 250(sh), 340, 670
Ve Ohe CHGlg 380, 570
(Violet)
(Ph-Sn(OAc)ijx CHCl, 252°8, 259, 263°6, 263
(#hite)
Ph = = Cgligj Bu = = Cglig 3 Cy =Cyclo Caligy- ;
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(11) The second category includea products: showing a moderae
sely intense 1ong_wave‘1ength absorptlon band in 560=625 nm
region. These compounds also show an absorption bend at 330-350 nm,
often as a shoulder of the ghorter wave length band near
270-280 nm. In addition, some Of the compounds shouw absorption
ground 400 nm also. The compounds are generally intensely
cbloufed from red to green and are stable. Unlike the yellow
dompounds, these compounds show very little effect of methgnolie
Wali or polar solvents like DMSO on its spectrum. The. increased
stablilicy qn& the large Bathschr@mic ghift of the longest wave.
length bénd suggests these ccmp?unds to contain chelated

| lenitroso=2enapthol group.

3. Btructural aspects of the products @

a) Cenersl 3

| Studies using l-nltroso-2enapshol (43,44) s0 far lapliecitly
assuped that this compound reacgs in the nitroso napthol form.
However the situation ls not as simple as thege gtudies imply

because of the possibllity of the following tautomerism g

\ P N/OH,
| T
NN\ M VavVava
l lf/\ﬁ/ p— l IL\/) a
NN\ NN\

(V) . (VI)
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Apart from this, snother situation in which the hydrogen 1s intere
nally bonded with both the oxygen atoms giving rise to a deloca=

lised system, as shown below ls also possible,

. n—0
n: \H
Vil - VIII

In order to fully appreciate the resciions of lenitrosoe
Senapthol with organotin cOmpcﬁnds and the strucﬁﬁral Teatures
of the products formed, it 1s therefore imperative to discuss
first the sfructursl sspects of the frec ligand both in aolutién
and the solld stste.

That lpniaroso-a-napthql is present predominantly in ths
oxime form is Jndieated by 1is electronic spectrum (figure-l) sine

ce

(1) Napthols and substituted napthols like halo = or amino
napihcls heve no absorption in the visible region. On the other
hand both 132 and lsé‘napthaquinonés are coloured with absorption
in 380-420 nm region, The oxime form (VI) 13 structurally very
sinilar to 1:2 napthaguinone. Indeed the absorption gpectra of

1% 2 naptheguinone snd l=nitroso-Z2enapthol are very similer
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(Table-V) indicating the presence of the oxime suructures

Tables VI *

Electroniec zbsorpsion spesira of 1=-nitroso=2enagpthol

and napthaguinones g

Conpounds - Sbolvent ' }\max in nm{log € max) Ref
EtoH 214 263 (4.0B) 372.8(3.70) .
, _ 5
1-ni'traaa-2-napt‘hol 0014 C 275.5(40 1) 37705(3078)
a0l 250(4.5) 3&0(3.5)(30%
1,Mapthaquinone €qa
CHClg ‘ 250(4.5) 350(3.3) 400
| . (3.8)
MeOH ' 250(4.6) 330(3.8) 694
1,4 napthaguinone .
CCLly 262(4.0) 330(3.5) €9 c
* Haf « €9
ﬂ_—) d. Na_aa.l(w(.a. PR § A-‘Ku;éoawa_, TJ- Am -Cﬁem-goC.,
76 (1954)

£) c.g§-p g!;puu'{- Ree - tvay.clim », 68 @949)

c) H. pe*’.eyvs,
D Anaf. ¢ Leom 9 3l(|959)



Figure o 2 § Klectronle absorpt ion spectra of potassium

lenitrogo=-2enaprhoxide ia
Hethanol -

Concentrated solution (methanol )c..,_...a..-...;e;

,l"l N
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{ii) Nitroso compounds generally possess a weak { ¢ & 10«80)

- absorption band in 800«~750 nm region due éo.g- ¥ transision,

This transiéibn imparts a blua‘bq biuigh green colour to nitrosg
derivazives; absence of any such absorption in the spectrum of
lpnitéaso-a-napthol in nonpolar solvents shows the absence of
nitroso forme

- The same conclusion has been drawn by Burawoy stal (46)
from a detalled study of the alecnrauicAséac%ra of & number of
gquinones, quincne oximes and nisroso comgounds.: | |

When sedium or patasainm hydroxide is aﬂdad to a soluaian

of 1pnitroso-z-napthol, a greencolour appears. Fleczronic absorpe
tdion spectra Of such alkaline methanolic solution show a wesk |
and broed sbsorption st 590600 nm (figurdnl), Pcéassium l-nit rosoe
S-napthoxide in methanol shows an sbsorption band at €05 nm with
€mox = 60 (figure=2). The positim es well as thé mwlar éxtinctiqn
of this band 1is characteristle of the presence of nitroso group
(45) showing that potasslum derivative existsg predominantly in

the form (IX)e |

(IX)
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The IR spectra of jt;he potsssium derivative (figure-3) shous af
broad and sé‘mng abéo:pt;on ‘hzmd ,a-tl 1680 cm"?‘ (ﬁbublm ) and

1195 cm'l.‘ The 1195 em”L band is characteristic of phenolie }:_-0'
streteh (11t.62 renge 1260 = 1180 em™*) and 1660 em™! band cen
be aésign@@ with ressonable certsinty to V@ s 0). Many aromatie
nitroso monomers are known to absorb in this reglon (63-67). In
this connectlon atiention may be drawn tO the assignment of
1625 en™t
to ¥ {§ = 0) by Mehrotdra etal (44). ‘i‘hia assigoment seems to be

absorption in the IR spectrum of lenl;rogo=2enapthol
completely erronsous because 3

(1) The spectrum Of Zengpthol shows a similar sbsorption at gbout
1625 en”) (Zigure-4). |

(2) Aromatic nitrose monomers usually absorb at 1513 - 1488 c;m"lg
While a ralsing of the V(N = 0) by 30 - 40 em"l, may not be unreae
sonable if conjugation of the ¥ s O group with the aromatie ring
i1s hiﬁderéd to some extent by sierlec or other reasons (allphatie
nltroso compounds absorb at somewhat higher frequencies), 1626 ™3
sppears %o be to0 high'. Bven aiiyha’cic nitrozso monomers sbsorb

below this reglon.
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(3) as already indiceted, the electronle absorption spectra of

l=nltroso=2=napthol indicates the gbgence of free « ¥ & J group.

(4) The presence of a broad strong IR sbsorption band in the
gpectrum of.lpnitrnso-ﬁ-napthcl (£lg=5) at 1070 ca~t 1s partici=
larly significent. ‘his band is abgent in the potassium sszlt which
is ghown 50 contaln « § 3 0 group by'ité electronlc ébsorption
spectrum, Therefore this band can be aséigned to &N &0

stretch, Although = N & D stretch oceurs in 960 = 930 en”™d in-
oximes, however, in 1,2 guinone mono oximes this stretch occurs

at higher frequency due to contribution from structure (X1)

which increages the N « 0 bond order.

— 0 - _ .
¢ = N— Y C— N e ,
| B o l i
- = 0-7 -C — 00—

(X) | (X1

ihus diacetyl mono oxime, CH3CO. C(CH3) NOH abserps at 1020 ca™t

due 60 VY ( =N < 0 ) (£igure-6).
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4 comparison of the IR. absorptionh of Zenapthol, 1=

nitrosa-abnap?hml angd its poﬁ&ssium d&rivative in 1700 = 1500 cm -

regian together with osher characteris%ie bands given in the

table VII is excremely helpful for assignment ¢f the bands as

wall as structgres;

Table = VII

iK absorpulons ‘of Zenapthnol, lpnluroso~abna§chol'aﬁd its

potassium derivative in the ’1700 - 1800 oenm”
other important absorptions s

_ragion and

Ieniirostefs

Zengpthol , Potagsium le sssignment;
napthol nitrosoe e -
napthoxlde
1628 .(8) 1620 (s) 1620 (s)
' Ring
1600 (us) 1608 (ms) 1505 (ms)
1580 (ms) 1585 (ms)
1865 (w) V(CS0 +C%N)
1550
1640 | V(E =0 )
15256 (s) V(€ s 0+ CeH)
1510 (s) 1508 (ms) 1520 (ms) Ring
1366 (ms) . | , &C0H)
1270 (s,br) o 1195 (s,br) V(G = 0)
1070 (s) J (i - 2)
8 = §trong § ms = Medium sirong ; W = wesk 3 br = broad.
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The strong absorption in 1630 - 1620 cmfl occurs in all compounds
including 2-napthol and as such can not be assigned to Qcc 0),
\)(c sN)or V(N = 0) which are possible in 1-nitroso-2-napthol
and its derivatives. Though only a pair of bands near 1600 cm -1
is found in benzene and its derivatives due to ring stretch, ‘subse
tituted anthracene often shows absorption bands in 1640 = 1620 cm” -1
( 62 ). The 1620 en™* band in lenitroso=-2enapthol should there
fore be. assigned to ring vibration since it oecurs in 2—napthol
also, The assignment Qf other absorpti ons in uable Vil a:e evident
except £or the absorptions at 1555 and 1525 cm'l in lgnitroso-Qf"
napthol. The raising of the V (N = 0°) by more than 100 cn”l in
l-ﬂitrbso-Z«napthol compared to the position in simple oximes
(960 - 930 cm'l) shovs a considerable contribution by st ructure
(XI). The resonance between X and XI 15 therefore expected to muke
C=0,C=- and C = N bonds nearly equivalent and no pure € = 0
or C = N stretch in the usual region could be expected: Instead,
the situation is comparable t0 metal chelates of 1,3 diketones

( 68 ) which absorb near 1580 cm."1 since here the two C = 0 and

C = C bonds bgcome nearly equivalent. Thus the two bands at 15686 gm’l
and 1525 cm™+ should be assigned to stretches involving both

V (C - M) and V(C 30 ), The structure of lenitrosoeZenapthol

should therefere be represented as in XIlI,
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Having thus established the oxime structure of 1-:15_1;:039-2.
napthol we may now discuss the varlous possibllities which may
result from the subsstitution of the Hydrogen atom by a tin atonm,
The product may exist elther as an uncoordinated oximated (XIII)

or chelate (XIV).

Heo HeOL

I : i En<

_ 0 _ 2MN
(I1) (V)
Oxiuate Oximste
uneoordinat od chelate

The uncoordinased oxlmate structure would be expected

tO show ¢

(1) an absorption band around 400 « 430 nm similar (o 1,2 nape

shaguinone ( 57 ).

(44) V(¥ = 0) in IR in the renge of $60 = 930 ca™  together with

' \) {(C = 8) vwhich i_s now free and hence expscied to be much above
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1600 en™t. Since none of the products show these characteristies,
unchelated oximates are not formed.
As in the free ligand chelstion would lezd tO resonsnce

betwesn the structures X¥ gnd XVI.

N =0
N
gns
4 l :-:‘Q/t; N
N
(XV) : g (XVI

Two IR absgorption involving baﬁh V(C % 0) and V{ C < ¥ ) would
be once again expected in the 1600 -« 1500 em"l ‘fange.
in the UV « visible spectrum the coe-ordination by the
Jeatom with the tin 13 expected t0 cause a large bathochromle
shift of the B« and K « bands (45).
411 products of she redegreen serles mentloned earlier
| shoy moderately high intensity absorption around 560 - 625 nm which
cannot bé assigned to n -1 trousition of the nisroso group because

of the high intenslity ( of the order of 10°) 3 the intenslty of
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nitroso absorption being only 10 = 70 (46).

These products are thus chelated oximases having structure
e ﬁecordingly_thé ir spectra shows strong abéorption ab
~1500 en”™1[ YV (C = 0), coordinated to tin] .

(b) Some selacted compounds s

(1) Yellow product formed in the reasction of 1~n1Croso-8-napthai
with (phgSn)gd or the reaction of PhySacl with potassium l-nitroso-
2engpthoxide 3 | - '

| Tna'analytical data on this product suggesss a2 molecular
formule of Ph ChSng(0H)O | Ph & = CgHy § Ch = = ON(0) I A

The presence of & moderately short medlum intenslty IR band at
2610 cm™* shows the ﬁreseﬁeé of -Oﬁ-graup attached to tin atom
(of. ?hganaﬁ). This is further supported by the presencsa ©f pbgore

1 dae to Y {83 « 0). Presenes of another strong

1

ptions st &30 em”
ébsorpticn Qt 635 ¢ — is indicative of Sn=0 = Sr skeleton. The
IT spectrum of the compound 1s ébown in figure = 7.

The UV = visible spectrum is very similar 0 that of free
ilgand (figure - 8 and table « IV) Thus an oximate siructurs is
indicated. However, absence of any bathochromic shift as well es
the comparatively weak stabilisty of the compound as suggested by
she effect of polar solvents and methanolic sodium hydroxide on

tg UV = visible spectyum is indicative of only week co=0rdinasion,.
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Jn the basgls of these data the following tuo structures may be

written for this compound,

. Fh OH . , .
\ / P, /‘Ph
PhebneleSueph - Or _Sn=U=8n
/ \ ' PR I "Fh
[24] ch ' g1 Ch

| fen s : ON(0)C3 g |

However, 3h order to account for the stability of zhé
distgnnoxanes (4t does not lead to higher pelystannoxanes by
elininatlion of water) the structure (XVII) in which « O is
*coQardinatad to another tin atom (preferably the atom contale
ning the ligand since this tin gtom will be more electron stirace
ting dque to its being'bonded 0 two oxygen atoms)'is MNOTE PrEe

fersble.

Fh
Ph\ - 0 ~— / '“
1 ch ' o
g
B ' Phs -C
(XVII) | °e's

Ch = —GN(O)CidHG
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(11) white polymer obtained from the resction of 1lenibrosoeZe
napthol or Zenitroso-lenapthol or dlacetyl mono oxime or glphae
benzil oxime with triphenvl tin acetate s

Rezctions of triphenyl tin ascetate with nitrose napthols
or Ketdeoximes llke diacetyl oono oxlme and o =benzil o$1$®

furnish s white compound which could be formulated as a polymer

- 0 = (Cglg )Sn{OAc J=0=5n(CgH; ) (0ue) =
(XVIII)

| where J4c 13 -088833, The structure has beenr esiablished on the
bagis of speetral study and elemental analysis and lig reaction
with oxins. ' |

Thé UV gpectrum of the compound shows seversl sbserption
peaks in 230 « 270 nm region (aelvent j eiopoform) which correspond
véry closgely to’absorptian arising due ﬁa benzene ring whlch are |
perturbed only slightly in phenyl - tin system. B

IR spectrun of the compound is shown in the figure < 8. The
_compound shows all the ususl benzene ring vibrationand in pavtieular
has a moéerately ésrong band at 1077 em'l. This band is assigned €O

a C ;_ﬁ in plene deformation mode and ﬁas peen shown to be
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characteristie of @henyi « tin group (62). The strong absorption
at 727 ¢ '; ig assigned te out of plane C - H vibration of phenyl
ring. _

The presence of ssrong absorpsion around 617 en™¥ can be
assigned to (Sne0=Sn). 411 polystannoxahes are Xnoum o absord in
this reglon (&3). The strong bsnd around 1600 cm'l and 1550 cm'l
must be assigned to Vas (=C00) as no other graup'in the system 1s
expected to show such strong absorption in this region, The W0
values of ) as («0C0) indicates brideed mcetate group, thouch
possibility of lonic acetate groupl(él) can not be completely
excluded.

- The presencs of 86H583(ﬂ)0ﬁc group has alsO been supprorsed
by its resetion with oxinee In Order to account for ali these
obzervations and snelyticsl data a helicsl structure (XIX) where
svery third tim atom is bridged by acetate group 1s tentatively

guggesiede
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(iii) Distannoxanes of the type RglhgSngd s

‘[_Ch = Cyofg ¥og ]|

Leactiong of l-nmmyoso-z-napthél with PhaSnel or (cycloe
Cetiypla SnBr furnish deep greett compounds which'cnﬁld be.formnla-
ted as BaChgingd whers B is either Bh or cyclo« CgHije OF the w0
possibilities XX and XXI

, Ch R Ch
R -/ AN e
r//ﬁa = i} « Sn—Ch odr H ﬁ/sn « Q3 =81 «Ch
17 N N
B. th th b
{¥X) (X31)

the later is ¢0 be preferred singe UV = visible spectrum shows she
presmaca of two ebsdrption bands at 395 nm {similar to free ligand)
std 520 « 610 nm Indicatlng presence of two nonegquivolent type of

1’1&;6&&30

{1V} Producs of the resction of benzoin oxime (cupron) with trie

phenyl tin acetate 3

The resction of sriphenyl ¢in ascetate with benzoin oxime furnishes
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a uwhite compound (m.p 232°). The IR spectrum of the compound
shown in figure 10 shows absence cof an? sbsorption due to <Ot
group indlcating that.the iigaﬁd uges both the-ogime and hydyoxyl
H « gtoms for salf fﬂmmatian.,Pyesénce of €0 group is$indieated,
by the ahsorption at 1555 e~ due £ Yas (9Cd). Ag 4in lenitros0e

2=napthol der1V&ti§es, a strong absorption at 1075 cm'l

s ascribae
ble to V(N - O) ig observed. In nddition, compsrison with the
spectrum of the free ligsnd (fig - 11) shows the presence of a

L

new absorption at 768 cm . This bend car be assigned o

) as (Su - O%n)e. Together with the enalytical data, these evidences

guggest the following structure for ihis product.

?. 5 ?Ac ?&e ?
: 0 Fh
Ph—C— ~n sa— T~
csﬁat ’,,/’a G‘\\\_ :s;ﬁ;ﬂ\\\
/ N N Ph

(¥XI1) '

It is interessing to note that ne absorptlon dua to C « I stretch

could be observed either in the free ligend or in the tin complex.
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Though no definite reason could be given for this, it may be due

to resonance of the type XXIII « XXIV stce. Which may lower it~

H H
! N
Ph = C « Oh .. PheCeo0H
— ! . | +
L pC=N=oH <<:::>>-c -¥ = 0

(XXI1I1) _ (XIV)
(V) Product of the reaction of henzoinm oi me (cupron) with trie

phenyl tin chloride s

The reaction of Pha.'sn(-;l with benzoin oxime furnishes a while come
pound (m.pia250°). |

The IR spectrum of the product (figure ~12) is very
similar to that of XXII except for the broad absorption at 2380 cm'l
due to hydrogen«bonded hydrbxyl group and the absence of the ) {IC0)
absorption at 1555 en”™l observed in ¥XIl. #nalytical data and the
similarity of the spectrum with that of XXIT suggest the folleowing

structure for this product ¢

y Q/ \TH .

. Qe
(‘} ?n.\g /Tn ? | ,

c 0 Q c
Ph/ \"\“\N/ I N = \ph

- (¥XV)
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4s shown in XXV, the steric disposition of the two OH groups are
very favourable for Hebonding, thus eccounting for the broad

absorphion at 3880 em” Y,

V(VI) Folystannoxenes s
Polystannozanes formed in the reactlons studled do not f£all

into sny general type snd as such thelr probable structures have

been dliscussed under the corresponding reactions separately.

- 4, Probable mechanism .

The products of the reactions are so varied and complsx
that no definite suggesuians regaruing probable mechanizm is possie
ble in the present svatams.

Since the reaction of Potassium 1-nitroaameanapthogﬁée {KCh)
with PhgSnel does not furnish the expected simple produst, vis.,
?haﬁnch but legds t0 cleavage of Sa - Ph NG boud, a.vuclaoa_

11c attack at the tin atom wkich lowers the effoct 1vé olocinte
negetivity of the tin atom and zhereby'iacrgasas the iSii «6::;
bond polarity is suggested. Probably the electron transfer from
the ligand to the tin atom in the initiel step of the reaction 1s
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of such a_@agnitude that the carbanlon character of the earbon

atom of Sn « C bond 4s inecreased %o an extent where it begomes

-labile.

\

As already shown l=nltrosoeZenapthol exists in the oxime

form with strong internsl h#drogenobcnding with the earbonyl

oxygen. 48 such the lone palr on the oxime oxygen would be more

readily available for nuclecphilic attack. The reactilon therefore

proceeds most probably through en initial nucleophilic attack by

" the ligend as showa in XXVI (a)e & slight

Xigsn = R XRoSn-—---R
6 00
G
AVAVA AV
| — (U =
VN VN T
(XxV1) (a) (XXVI) (b)
— R,SnX0H +

N :
N ’,H

\

(XXVi) (e)

(11)
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electranic'fearrangement then leads t0 cleavage of the R gfaup
[ XXVI ( b,c)] . Because of the steric requiremagﬁs of the approach
of the 1iga§d co=0rdination by the carbonyl oxygen 1s not possible
as sO0n as the R « group leaves. However, because of the presence
of two highly electronegaiiva atcﬁé attached t0 the tin étam
(6ﬁ « 0 and &ne=X), the tin stom woﬁldi;z;y high Lewls aedity, so
that ed;ordinatien by water preéent 1nvﬁha system (maisture could
noi be rigorously avoided in our systens) ﬁay take place rather
easily, Unlike the carbonyl oxygen of the ligand which can coe-
ordinate only sgfter the daparturé of R group followed b& a sterie
rearréngement (rotatiod about the ¥ « 0 bond would bring the tin

atow t0 a prOpér position for coe-ordination as shown below).

Co=0rdinetion

A

: ? G,Snﬁgx
Rotation N\ \ 7
—— ] ] (12)
* about \\/\/ :

N « O bond

XZVII (a) ' - XXV1I (b)

Inislally formed derivative,
co=ordination with carbonyl
oxygen not possible.
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by HoO is not hindered by any speclel steric requirement, so that
it may seke place even during the stage uhen cleavage of R group 15

taking place.

i
o R
Y
8. \/sné—a %
S X _ n
N//O N r¢ﬁ\//\)¢o + RoSnX0H
" A
40
20 vV o
VN

ZXVIIL

it 1s evident from XXVIII, because of its very favoursble sterie
diéposition the Heatom of the éo-ordiﬁgted water méleeule can
interact strongly with the WO group. This would not only hinder the
rosation about the ¥ - 0 bond neeessary for chelation, but slight
electronic rearrangement as shown may lead t0 very faclle hydrolysis
leading to the formation of ReSaXOH. Thlg compound may then react
fursher with another moleculs of lenitroso-Ce-napthol and lead to
further cleavage Of &n-K bonds. Or alternatively it =may undergo

condensation repction with anothaer organotin molecule elther through



- 115 -

the eliminatlon of HX or Hgd molecule as shown below s

R@ﬁnx’ + Holl e BQSnchx + RH ’ (14)
, Hg0 - .
Hzﬁndhx ) QBSn(DH)X + Heh (15)
RZSn(Qn)x - Heh, psn(oH)Xch + Fh (16)
BSn(OH)Xeh  H20,  Rsax(oH), + Heh (17)
OH X '
S« OH + X - &n’ Non - 0 - o
=50 . -8ne=- — f/Sn -0 e N + HX (1)
\. / N /
;§§ OH + 1O Sn\\ —> f/bn o J = Bn\: + Ha (20)
atce

Zven the distannoxsnes formed may react further with the
ligend leading tO more complex wmolecules. In some casesg thae ligend
nay act virituglly as a catalyst for.the cleavage of Sn « R bonds
by water. The formation of phenyl stannoic acetate in the reaction
of pPhaSnOic with 1-n1troso-2-nap£no;, 2enitroso-le=napthol or |
discetyl mono oxime provides sueh an examplee.

Though the ease of cleavage of the 8n « R bonds by 1l=-nltrosoe

Zenapthol Or more generally speaking 1,2 diketo mono oximes could be
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axplainegd by th_@ above scheme, the end product could not be pree
Aletedes &t this gtage it may only be seid that the cleévage ti11
a stable product, i.e., stable towards nucleophilic attack by
wator, is {ormed. |

Though the above mechanism has been discussed with lenit r0s0=
Zengpthol, the argumenis apply t0 all ligands containing the struce

“tural unit XKIX, 1.8, t0 all 1,2 diketo mono oximes.

(XaX)

It is therefore not surprising tO see that both dlacetyl wono oxime
CHaCO.C(= NOH )JCHy snd o benzil oxime lead to same type of polymeric
products when reacted wit_h triphenyl tin acetate snd triphenyl tin
chloride. | o | L )

In order to find ocut wheother the Keto group in XXIX and the
consequent conjugation eitending over the entirve molecule i3 essene

tial for unusual resctivity, benzoin oxime (cupron) XXX wag also
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" Ph -cI: - NOH
Ph -"Liz - 0H
h '

XXX

reacted with triphenyl tin chloride and triphenyl tin acetate by
refluxing ln benzene, Inlboah cases, distannoxanes of siumlilar
struetures XXXI and XXXII are formed. It may be noted that all
tinephenyl groups are cleaved and the llgond acts a5 s bifunctics
nal group. Hovever, unilke in the resctions involving ligands of

the type XXX, no polymaric products are formed. It appears that

presence
i N N N

y . —
vh - clz/ \il) o \clz -Ph Phe cl:/ \il') \ 0~ \I:-Ph
Ph - (I‘;\O /?n/ \?n '.\O _-C =« Fh Phh - T\Q /Tn/ {iLn\Q/T-Ph

0-._ o :

A R : T H H Osc Ore H

‘ . (XXXI) - (XX¥I1)

of the delocsllzed sysiem 1# AXIX makes it more effectlive comparéd

t0 XXX as far as cleavage and polymerigations are concerned.
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G, Experimental detalils und ldentifieation of products,

All solvents were purified and dried as described in Vogel'é
practieal organic chemigiry (46). The petroleum ether used throue
ghout the invastigaﬁiunAhadbuiling pdints 60% 809.
1-0167050-2=napthol (Fluka A4.C.Swiltzerland) was recryse
sallised from petroleum other, mep. 208° [liﬁ.(%ﬁ) 106° ] ubich was
uged 45 a number of reactions. friphenyl tin chloride (Fluka 4.G.
Switgerland) was recrystallised from gétroleum'esher, MePeo 106°
{;lit,(47)m.p. 106° ], uhich was used for the preparation of |
triphenyl tin acetate, m.pe 121°[ 11t (49) m.p. 121% 12097,
bis triphenyl tin oxide, m.p 122° (11t (49) m.p 128% 124°)end in
many reactions. Tri cyclohexyl tin bromide (esrrol products,
New York), mapo 77°[(1it (47) tap 77°]and tributyl tin chiorides
woere used without further purification. Eﬁhyl‘methyl ketons and
n butyl nitrite were purifiea by redistillation., ihe former was
- dried over Mg80,; . These two chemieals were used for she prepara-
cion of diacetyl mono oxime. Benzil (B,D.H) m.p 94° [ 11t (46)
Mep 94 = 959] wiﬁﬁout parification wes used fOf'the‘prepafatian of
slphabenzil mono oxime. Benzoin (B.D.H) after }ecryscaiiisatiea
from dilute sleohol mep. 137° [11t (46)m.p. 137° | was used for the

preparation of benzoin oxime (cupron).
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(1) Preparstion of bis (triphenyl tin) oxide ¢
Bis (triphenyl tin) oxide was preparad by the reaction of trie
phenyl tin chloride with sodium hydroxide (48). The erude selid
separated furnished bis (triphenyl tin) oxide, m.p. 122 [ 11t(49)
m.p._122°- 1230] on repeated rocrystallisation from a mixture of
petroleun- ether end benzene. It was dried in air snd finslly in

vacmum at room temperature.

(2) Preparation of tribenzyl tin chlorlde s
Trivenzyl tin chioride was prepared according to the method of
Schmitz - Dumont etat (50) and was recrystalllsed from acstone,

Mepe 142 [ 14t. (50)m.p. 142% 144°7,

(3) Preparstion of triphenyl tin acetate s
Triphenyl tin acetate was prepared by refluxing triphenyl tin
~ chloride with dry potasssium acetets In methanol. The crude produet was

purified by reerystallisation from petroleun sther, m.p. 121°

(11t (49) mep. 121% 122°],

(4) Prepsration of potassium lenltrosoe-Zenspthoxide

potessium lenitrogo-2Zenapthoxide waé prepared by refluxing
i’niﬁroso-zanapuhol with potassium hydroxide in methanol. The green
crude product furnished shining green crysbals, m.p>>360, a.p (200°

on recrystallisasion fram manhanol.
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(5) Preparation of diacetyl mono oxime 3

Diacetyl mono oxime was prepared by the method deseribed in -
Vogel's praétieal orgonic chemistry (46). For this preparation
ethyl methyl Ketone was treated with nebuityl nitrite in the
presence of 1ittle hydrochlorie scid them treased with concentra-
ted NaOH solution when sodium salt of diaéetyi wono oxime was
produced. The solution furnished crude discetyl mono oxime on
treatment with ice cold hydrochloric acide. The crude product was
purified by reerystallisation from pebr@leum ether and dried in
vacuun for twelve hours, Mepe ?50— 7@9E11t (46) m.p:76°] .

(6) Preparation of alpha benzil mono oxime 3

Alphabenzil mono oxime was prepared by & method given in the
practical book of chemistry by Vozel (46). Pure benzil was treated
with hydroxylamine hydrochloride at a temperature below = 5° . 10
- this mixture was added & strong solution of sodium hydroxide below
0° and shaked for 90 minutes. Crude oxime was precipitated by
cacidification wish glacilal acetlic acid. Crude product éas purified
by resrystallisétion from dilute alcohol then from bonzene. 1t was

dried in vacuum for 12 hours; m.p. 140°[11t (46) =m,p 140°].

(7) Preparasion of bsnzoin oxime (cupron):
Benzoin oxinme was prepared by refluxing benzdin with neutrae

1iseﬁ'hyﬂroxy1amine hydrochloride in dilute alcohol (46). The crude



- 121 -

product was purified'by recrysiallisation from dilute slcohol and
dlethyl ether, mips. 150° [1it (46), m.p. 151° ). It was dried in

vacuunr for 12 hoursSe.

(8) Resction of triphenyl tin acetase with 1-nitroso;2~napthol 3

2.4 gms of triphenyl tin destate Was refluxeﬂfwith 1.2 gms of
1-nitroso=Se-napthol in 100 ml benzene for seven hours end then
allowed t0 stand overnight, A red solid (1:69 gﬁs) cerystallised
out uwhich was filaeraﬁ,:washéd repeacedly with hot benzene., The
solid wes then boiled with chloroform and filtered while hot. 4
white s0lid crystallised out on cooling. It was washed with cold
pyridine and recrystallised from chloroforn (8A). The residue
(1.1 gns) after separation of the white compound was washed thorou=
ghly with hot chloroform, then recrystallised from benzene « pyridine
mixture which furnished a crystailine red compound (8B).

The original filurate was treated with excess of petroleum
ether when 0-5 gus of a violet coloured compound (8C) erystallised
out, 1t was filtered, washed thoroughly with hot petroleum ether and
recrystallised from benzene = petroleun ether mixturse.

 The final filtratce furnished agreen (8B) end a yellow (8E)
prbduct upon concentration followed by controlled addition of
petroleum ether when the green compound separated out leaving

' behing the yellow compound in sclution. The green fraction was
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purified by rapeatedl& dissolving in bepzene and reprecipitating
with petroleum qvhér, The yellow fraciion was pufified in the
similar manner.

It may be noved that she yield of the white compound (8a)
Increacsed considerably on decroasing ﬁhé’prOpbrtion of l=nitrogo-

Qﬂﬂapt hol s

Evlidenece for the clenvage of Sn = Ph bonds ¢ Pormatlion of benzene

in the resction

The reactlion of triphenyl tin acetate with lenitrogoele
napthol was carried out as before in specpure digthylethaer, the
solvent wag then distilled out, Specﬁroscopic examination of the
distillete showed the presence of bensene. Blank experiments under

similar conditions did not ghow any benzZeone.

Identification of 84

The IR and UV spetra of this compound have been discussed earller
(under the seetion "Structural aspeets of the products') where the
presence of phenyl group, two types of scetate group and SnedeSn

Bkeliton in the compound have been suggested.
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Reaction with oxine 3 . o
Un boiling with oxine in ethanol the compound afforded & yellow
conpound (m.p.;2@29._ﬁhe compound has besn unambipuously indeitie-

fied as

Phsn(0x)g04e Ox = cgHg(i )0 -.]
daes CHRCOO «

fron ivs élemental analyéis and by its prepsration through other

reactions, G.ge

Phin(dx)oCl + aglic = Phin(Ox)s0ic + Agel (21)

The formation uf'Phﬁn(ngaﬂﬁe established the presence af 
Phon(0)04e group in the molecule. o |

| The polymeric nature of the material 1s ghown by its infusie
'bility as well as insolubility in the common organie solvents.

| The only structure consistent with all these obsarvations
and eleménzal.aéalysis agggest‘thé follbwiﬁg polymeric structures

- 0 - (Cghg) Sn(Oie) = O - Sn(CeHg) ¢ Oac ) =
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Anglytical data 3

Found 3 'C 5 35.09% § H = 2.96% 3 Sn = 42.83%
Caleulated for Cglighnlg; C = 35.47% § H = 2.96¢ § Sn = 43.85¢

Although a definite structure can be proposed only by a
detsiied X ray analysis; gtructure XXXIII in which every third tin
atom 1s bridged Ey the agetate group is Sentatively suggested. The
other tin atoms nay be tetra Or penta coeordigated depending on
Waether the other acetate group 1s lonic or chelating. Such a
structure 1s very févaurable in view of the ideniity pariod of

. o
triorgano tin cartoxylstes which 1s 1C 4 and which have analogous

gtrueture (53)
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Although NMR gpectra would have been of great help iIn distinguie
shing the two stmctumlly ncm eqz.ivalem: aeetata groups, this

- eould not be dcne due to the :ww sclubiliny of uhe comncaund.

Identification of 8B

This produet is slso ini:usi'bls upw 260° ana inzoluble in the
common organle solventg. It is soluble only in pyridme. L
IR specirum of the compound is shown in the. figure = 13.
The presence of broad, medium intensity bands around 369(_3 cm -1
ang 3350 em™>
groupse fhe broad and strong ebsorption at 586 ca”t 15 que to

ahoé:s the preseace of {wo nonequivelent hydroxyl

V(tn = 0) (54). The presence of tin = phenyl group is supported
by she usual bengene pring vibrations end In particular by the band

at 1077 cn~t (52)e
Oa the basls of the above observations and glemental anaglysis

the following structure seemg most probable s

OH H

0 Qa Ch & D @ .
GE - !$n< >Sn ke * C10ei02 }
0~ | NoH Ote & CHaCOO -

Ch H Ch

XKLV



Figura =~ 14 s Electronic absorption speciyra 6!’ -[Ph(c‘t;)((}ae)ga] o0
: (XXXV) in o o ,
Hethgnol
/Chloroform § wecsswmonue

=
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fnalysis found 3 C 48718 § H=332% ¢4 N=3674%38n=305%
Caleculated Loy

Cog Hog 01 Vo lng s C > 4287 ; H=3068 § W 035683cas 3008

The sza&ility of the strueture uay be sstribused to strong intrae-

molacular Sn< UH Co-0pdinstion.

Identification of 8C

The viclet coloured solid 1s infusible upho 360%. It has mﬁéeréte

'salubility In benzenes

(1) UV » visible spectra s

The electronic spectra of fthe compound in Methanol and eholoroe
form are shown in the figure = ld. The stablillty end large-
bathocnromlc shift of the largest wave length band compared to
that in the free ligend indicates the presence of chelstead
Ipnitrasa-zbnapthoi groupe '

(11) IR spectrum s

Ihe following assignment is possible for the major IR absorpe

gions
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the presence of tinephenyl group is Indicated by the absorption
at 1077 cmfl (52)e The strong absorption at £50 em™t way be azsie
gned Vas (En=0-5n) as Sn-0H band is absent (no hydroxyl abgorpe
sion ) ‘
- The above observations and alementalvanalysis are consise

tent with the following structure @

f:h ?.:n
Cg H5 = 8n - 0 - 5n - CgHg [ch = GyoHal0g =]
OcocHg  OCOCHg -

XXXV

Ainelysis found s C & 50°47% § H= 342§ 3§ = 336¢ 3 Sn = 26 0%
Calenlated for

Cap Hgg Np U Sng 1 C = 4978 § B = 3°23% 5 N = 223§ 5 Sn< 27358

identificatian of 8D and SE-

The solids 8D ond 8K are coloured gresn and yellow respectively.

Both of these compounds are falrly soluble in the common salvents
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it are stustsie upso 36 Theas congmunde sre robably pol?meric,\\\\
however they could not be identified becauss: (1) These were obteale
ned only in extremely lou yields end (1i) campasitiﬁﬂ ef the products
ware variable. -

3
u

(9) Heaction of triphenyl %in chloride with lenisroso=Zenapthol &

4 gms of t;iphenyl tin chloride with 2 gms of 1=niiroso-Senapthol
45 vefluxed in about 100 ml benzene for seven hours, On gtanding
overaight a greenish &igck conpound (2.55 gms) erystzllizsed oute.

1t was filtered end the filtraﬁe on concentr&ﬁion fuwnished an
additional quantity (O 91 gmg) of the gume éQmpound. The solid (94)
was washed thoroughly with hot benzene snd recrystellised from a
aixture of benzene énd'dimethyi formamlide.

The filtrate afaer'separation of 94 was Sreated with pelroe
leun ether when 9°78 gms of a green coloured solid (9B) was separated.
It wos filvered and washed thor@ughly with hot petroleum ether and
recrystollised from benzene = petroleun ethér mixture. The filtrote
furnished 1°2 gms of auyelloﬂ product (9C) on . concentration, followed
by controlled addision of pesroleum ethere. The yellow compound was
dissolved in minimum volume of benzene and then reprecipltasted with

petroleum ether. FPurificaction was achieved‘by repeating thils process,.
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The fingl flltrate was evaparate&'to dryness when unregew

ted l=niirosoe2enapthol was recovered.

Identificetion of 94

The compound (.9A) has been identified as a polystannozene derivae

tive on the basis of folloving observatlions g

(1) It is infusible upto 360° and insoluble in the comon solvents,

vut sparingly soluble in pyridine snd DA,

(ii)fieactlon with mercuric chloride 3

The compound was refluxed with mercurie chloride in ethanol foy
half an hour and filtered. The filtrete on cooling furnished a
£laky white solld. The s0l1d has bsen unanblguously ldentified as
phenyl mereurie chloride from its melting poimt (m.p. 247°) and
mixed melting point with asuthentic compound. The formstion of
phenylmereuric chloride establishes the prasence of phenyl group

iIn the molecule,

~ (111) IR Spectrum 3 |
Thae IR gpsctrum of the compound Jg shown in the figure -~ 16, The

strong and very broad ip absorption arcund 3400 cm.'1 indicates the
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presence of a large aumbexr of hydroxyl.groups, which are probably
c-ordinahsd or hydrcgen bonded. The presence of & very strong
and broad absorption sround 580 en” [\)as (Sn=0-8n)| 1s suggese
tive of polystannoxsne structure.

Strucsure XXLVI is aentatiﬁely proposed on the hasig of

thege observations and elemental enalysis.

?h ?H ' Ch
%ﬁs.-.g?-oes?-a-s?-m [c:h c:g_oﬁsmz']l
c1 H - a
ﬂ:= (<]
FXRVI

fnolysis found s C = 16°8%% 3 H = 1°82% § N = 1°83% 5 CL = 4°17% ;
5n = B2°S568 o

Calculated for

Cpe Hag Ooq Nellp Sng ¢ € = 17508 H = 1698 § N = 1°563%
Cl = 4°00%8 § Sn = 53°53%

On boiling the compound (XXXVI) with oxine in ethsnol the compound
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efforded s yellow crystelline solid which has been identified ag
(JXAVIT) on B - -

[8n (0x)g 61]2% [ ox = CgHg ()0 =]
(XXXVII)
the basls of elemental snalysis and IR spectrum,.

Anzlysis found s € & 46°83% 3 H = 2°08%

Calculated for Cgg Heg 05.Clo Sno 3 € = 48°07% § K = 2ecap

| o ¢
This is consistent with the preosence of e S{a - OF termingl group

o
in the molecule. o
In zhe absenece of moleculsr welght the value of 'n' eould

nes be obtained precisely. We have however, taken thls value of 'n!
in obtaining the moleculay formuls which matched wost celosely with

the olemental anslysis.

Identifiastion of 9B

The compound has the following characteristies s
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(1) The compound is sparingly soluble in common solvenss and

infusible upto 3600..

(i1) IR Spectrunm »
The presence of Sne0=5n skeleton 1z indlcated by absorption
at 607 cm'l {53). Presence of phenyl group is also indicated
by the presence of usual ring vibrations.
Analynical data suggesus the molacular formula Pb30h38n20
| which may be written sither as XXXVIII or XXXIX.

Chy Sn=-0-5nPhg _ Chz(Ph)San-En(Ch)Phg

ORVIIT WKIX
. E?h '5‘ Ceﬂs - -
Ch = Cyofig N0 =

. fnolyels found § ¢ = 6872 ; H= 3°03% 3§ N = 4°48% ; Sn = 24.00%

Calculated for:

3+3¢% 3 N = 4°2% 3 Sn= 23°74

]l

0f vhe two the later is to be preferred since no triphenyl tin

oxinate could be isolated by refluxing with oxine in ecthanol which
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is expected tO be formed if the structure XAXVIII 1s correct.

(10) Rezction of tribenxyl tin chloride with l-nitroso«2enapthol.

4'2 gns of tribengyl tin chloride was refluxed with 1'7 gms of
lenitroso-2enapthol in 75 ml benzene for gseven hours. Gradual
additlon of petroleum ethier to the greén e¢oloured solution
precipitated 2°1 gag of a greenish yellow compound (10A).
It was filtered and the filtrate was concenbtrated and followed by
the additlion Of petroleun ether. Tho process was fépeated when
a further crop of 1°57 gms of the game compound (1DA) (m.p.
£30°C ) was obtalned. The s0lid was dissolved in minigum volume
of bengzene and reprecipisasted with petralemm sthere Purification
vas achleved by repeating thils processe.

The final filstrate ocn qvaparatica 50 dryness affordsd a very

small amount of unrescted lenitrogo=Zengpthol.

Identification of 104

The greenish yellow compound exhibics sthe following characteristics

£41) It is sparingly soluble in common solvenis, vt almost insoluble

in carbon tetya chloride



. v
R e e o . - g
N T ( '".’ L oSl o= N s i N e el - 2
Le 2 U | O { R A €] " . [ N N Y TN
peLaitt °UHLL~LL,;,-,N£;\,,»¢NU CLUSRUYLC vyl u Uy, -
l i} . L T a3 Tors o [ ®w-n Wowuwn o ow st
w0 - I T A N L e AN T a T e R sslisnin 11 3
. - ) [ 3 I (RS IR MO A WO R
5 | . A P I I TR ¥ 4y
, 3 i}, T Kl i n - - - e w b
' A ] P

. RS 7,' e N
. 1 | N N ll ’
f v A AN EA VAN W )
j T 4 " Ta® L T ™ ———‘V - 2]
é - ¢ 1 3 / TR g f e ! l", \ J‘uF i “1‘*‘*
H ! i el e : /w‘{ A ‘ | S : ..
30 R ot H-Y T t“" H
0 ! P |1'~:-_ "vv ‘ " ' ;' : \l‘ n i 1
[N P 1A A SR
) ; 4o ’_ el da
! 1 . i

i ¥
g ! . - : 1 °
n{dﬂo . Ssco $000 oo [ L) nee 1080 o 00 Be 0 el
. uRwn GO 8 Kae WAVIHUME R Ca ' Mitnte IRAEY RO Lo L L - PRy (T

P A PR

D b B e b K oe b e d e s e v

Figure « 16 s Iafra red spectrum of mgcemm,@)?g Sng  (XL)



e 134 =

(i1) It melts at 230°C,

(iii) UV and visible spectra 3

(iv)

The compound shows a sharp absorption band at 232 nm, a shoul-
der at 275 nm and a broad absorption of moderaté intensity at
330 nm in methanol (Table-1V), The absorption spectfa is very
similar to tﬁat of le=nitroso-2enapthol and other yellow coloue
red derivatives obtained in the present study. The close si@i;
larity of the absorption spectra of this compound w;th that of

1l-nitroso~2enapthol is suggestive of the presence of oximate

- structure since the later is known to exist almost exclusively

in the oxime form (see discussion).

IR spectrum :
The IR absorption spectrum of this compound is shown in the

figure = 16, Presence of hydroxyl group 1is shown by the broad

‘and medium intensity band at 3250 cm™Y. The broad absorption

1

around 565 em™" ‘may be assigned to V (Sn=0).

The following structure may be suggested on the basis of

elemental analysis and other data s

5

T T :/BZ . '

HO « Sn sSn BZ » C-Hy - :
| S0~ e | ,
Ch ' Ch = GlO HGNOZ -

(XL)
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Analysis iound 1 C = 42'52% H = 3°42f 3 N = 1°04% 3 Sn = 34°8%
Calculated for
C ogHioo O NEl 8ny § G = 43°1% 5 H = 8°20% 3 N = 2°09% § Sn = 3544

dn intramoleculsr Sn<UH « Sn co-orainatian is postulsted to account

for the lowering of V(OH) snd the sbability of the eempsunds

4

towards fursher polymerisation.

(II) Reaction of tricyclohexyl tin bromide with lenitroso-Z2enapthol.

4*5 gms of tricyelohexyl tin bromide wish 1°8 gng of lenitrosoe=2-
- napthol was refluxed in 100 ml benzene for 33ven hours. Un stane

ding 2°1 gms of a green compound (114) crysnallised out. 1t was

filtered and reerfstallised from benzene. The filtrate on concen-
tration and gradua; addipion of petroleum et@er furnished 1.2 gms
of a green compaund,(lXB); The greenhcompoﬁnd was purified by
repeatedly dissdlving in benzene and-rep?ecipitating with petroleunm
ether. The filtrete afforded 0°8 gms of a yellow compound (11C)

on cahcentration followed by the'addition of excess of petroleum
ether., The yellow product was purified by washing with hot petroe

leum ether and reérystallising from benzena=pet ﬁix&ﬁra; The final
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f1ltyate was evaporeted to dryness. The residue (1°1 gas) was
unrescted lenitroso=2enapthol admixed with the products which

could not further separated.

ldentification of 114

The Intense green compound has the following characteristics s

(1) The ecompound is infusible upto a6o®, 1t is mederately soluble

in the common golventse

(il) UV = visible spsctrum 3 A

The elsctronic speetrz of the compound in meth&no.l, chloroform,
carbon tetrachloride and DMSO are shouwn in the fipgure = 17 (tablesiIV),
The compound shows a moderately intense absorption bsnd In

580 = 600 nm reglen. Geversl other sbsorption bands at 255 nm,

345 nm, 400 nm and a shoulder at 270 nm are slso present. 48 ean

be seenm the absorption spectra is rather Insensitive to solvent
polarity and even methanolic NaOH does not produce eny marked

ehang@. The great stability of the systenm 1z indicative of s strong

chelzted structura involving the l=nliroso-Z=-ngpthol group.
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(411) IK spectium 3

For this compound the presence of Sn-0-5n linkage is indicated by IR

absorpsion st 768 en” > (54,56,56) and 570 en™l (54} [ Vas(Sn=0-6n))
Elemental analysis suggests the following structures

~
CygBn=0-50Chy Cys(Ch )5n-0=-5n(Cy )Chy
(XL1) ‘ (XLLZ)

[gy = Cy0io Cglyy T
Ch = G1g fg Bip = J 5

[l

4naiysis found ¢ C = 57°81% ; H = 4°3% § K = 4°3% § sn = 227038

Calculated fop

3N
=
gt
S
[ ]
oy
LiT 3
{:ﬂ
e
8l
)
a3
L 2
3
as)

Cgq Hyy Unp Ng Bng 5 C = §6°435 § H = 6°00%

The stabllily as well a3 the large bathochromie shift of the
longest wave length suggest the presence of chelated LenltrosoeZe
napthol. _ |

Of the tws structurses XLI and XLII, the later is to he

praferred since tie UV-vlsibls spectrum shows ths presence Of two 1
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absorption bands at 396 nm (similar t0 free ligand) and 6530600 nm
rQSpéétively-iudicating the presence of two non equivalent type

of ligands.

ihe produets 118 aaﬂ'liﬁ could not be separated and purified_fraﬁ
the adnixed unreacteélligand and therefors could not be idensified.

(12) Reaction of bis (triphenyl tin) oxide with lenitroso=2e-napthol .

70 e golusion of 26 gms of bis (triphenyl tin) oxide in 50 ml
benzene was added a solution of 1 gn of l=nitroso=Zenapthol in
50 ml benzene. The soiution was then refluxed for half an hour,
To the solution excess of petroleﬁm.ethér wag added when é yellow
compound (124) erystallised out, It was filtered, wéShed with
petroleun ether and {inally recryetallised £ron benzene - petroleum
ether mixture, On further concentration snd addition of petroleum
ether the filtrate furnished azn edditional quantitf ¢f the same
coﬁponnd (éeco&positicn poing 1609). The process of concentration
and sddition of petroleum ether wgs repeated several times when.
furrher crop of (124) was obtained (total yield 3 gns)e

‘The finsl filtrate gave a small amount of tarry solid on

complete evaporation which could nou be purifled.
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Identification of 124

The c@nﬁoun@ is ldentical with 134 whoes. structure has been 13-
cussed esrlier (under the sectlon 'structural aspects of the
products’ Je | - |

The suggestad ssructuﬁa (ALIXi} énd the glementel aznalysis |

are given below

oh oo h34)
\En/// \\\Sn/C/Ph Ph = Celip
o’ o7 en | e
{ XLTIT)

toalysls found ¢ C = 86°34% 3 M 5 4°04% 3 W = 1968 ; Sn & 30209
Calealnted for

Caq Hap Og N8N ¢ € = 54°37% ; H = 3°60% 3 ¥ = 1°9% 3 Sn & 31°64%

(13 Heaction of Triphenyl tin chloride with potpssium J=nitro80ele

TRapthoxlde.

To g solution of 26 gms triphenyl Hin cihiloride in 200 ml methanol
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was added 1°'4 gms of potassium lenitroso-2enapthoxide (sparingly
goluble yotassium lenitrosoe-Zenapthoxide gquickly dissolves with a
colour change from green to yeilow). The solution was then refiuxed
for two hours on a water bath and allowed ©o stand for two hours :
When 1°23 gms of a yellow crystélline compound (134) separated
out. It was £iltered, weshed with cold methanol, and finally
raocrystallised from benzZens = peﬁroleum ether Qixﬁure. dn further
concentretion the filtrate furnished snother crop of 134 under
not condition (impure, 1°70 gms). This was recrystallised from
pet=benzene mixture..The filtrate gave'o.éa gms of a white g0lid
on further concentration, it was filcered. This solid was Ldentie
fied as potassium chloride. The fingl filtrats afforded 0°21 gms

of & Larry residue on complete evaporation,

ldentification of 13a

The compound has the following characteristics s

(1) It is sparingly soluble in comzon sclvents, but.somewhat more

saluble~iu'benzene.

*(14) it decomposes at 160°, though infusible up to 360°%,
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Electronic spectrum, IR spectrum and other charac:eristies has
been discussed under ithe section, 'gtructural aspects of the
produetsts A

Un the basis of slemental analysis énd spectral data the

follouwing siructure is sugzested :

\n N
N

?

H
(XLIV)

malyels found 5 © © 53°8T% 3 M = 3°6R% 3 Sn = S0°H
Caleulated for

g4 Hap g Hing ¢ C = 54°37% 3 B = 3°60% ; Sn = 21°64%

14y Regetion of tribenzyl tin chloride wilh poisdsivg Jenllrosdefe

napehoxide

3%G gms of Lribenzyl tin ehlorlide was refluxed with 1'8 gmg of

potasgsiun l-nihrosaaa-napthsxiéa in 200 ul methanol for 2 hours.
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0'2 gms of a solid éeparateé out end filtered off. The filtrate
furnished 1-25 gms of & greén drﬁsﬁalline compound (144) on stane
ding for three hours. It was filtered, washed with hot methznol and
purified by dissolving in benzene and reprecipitating with petros=
leun sther. dn further concentration'the filtrate afforded a "
nixture of Kel and the green compound (144). The process was repea=
tad several times when finally 0'6 gms of K¢l and 0°72 gms of the
green ecompound were obtained. The final filtrate on evapora tion

0 dryness gave unreacted 1-nitras;~2-nayﬁh91.

ldentification of 144

The compound has the following characteristies s
(1) The compound is infusible up so 36¢°

(1i) It is sparingly soluble in common solvenss, but moderately
goluble in pyridine,
(ii1) 1k spsctrum ¢

The IR spectrum of the compound is shown in tha figure - 18. & very

strong and broad absorpilon. sround 3500 en”™% ig Indleative of
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-

hydrﬁxyl gtoups. “he compound ghows ir absorptions corresponding
=l
o b&nzyl groups. The absorptions at 1@80 cen” -1 (52) and 727 cn”

are assigned to ¢ ~ H in plene éeformatian mode and out of plene
vibration of yhenyl graap rQSpeebively. A very braad and sbrong
absorption at 574 cm -1 1nﬁﬁcatee the presence ot a polymaric
EneDe3n skeleton in the mo)acula (54). This 1s slso supportaed by
the infusibllity and exirenely low solubility of the compiund,
Howaever, the batter solubility of sthis eompound in‘gyéidiné, a geod
| hydrogen bonding solvent; is*suggeaﬁive~of the presence of large
nunber 0f « Od groups in the moleonie. |

U the basls of these congiderasions and the slenental analysis

following strugtura may bde suggested s
Be, Ul
D o al 0 mgn " | Bz = CpigCHy
] Bn = |0 w 80 =0 = 8n Bz = {giglipy =
Bz | I I T¢n : ‘
UR OB n ) Ca & 61033’:‘; Og =
- with = 4
{XLY)

]

nzlysis found 3 €& 26°71% ¢ B 2678 ¢ B < 1°03% ¢ Sn = 49°24%

Con. Hw? 19'ﬁ$n~ v C = 26%4af 3 H= 2636 3 ¥ 5 0°08% ; Su = G50°6%
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'n* could not be determined by molecular weight and as such its

value 1s obtelned from the eclemental snalysis.

(15) Reaction of #ribﬁtyl tin chloride with potasstdm 1= it ros0=2e

napthoxide

To a solusdon of 32 gus of tributyl tin chlorigde in 200 ml mechandi,
- 21 gms of potagsium lenitroso-2-nepthoxide was added, It waé then
refluxed for 2 hours. The solution was ﬁhen concentrated 40 a small
volume when 0°65 gns of potassivn dhloridﬁ'aepafatad.out whieh wasg
filtered off. The £iltrete wag trested wlth an excess of potrolenm
ether when 1°E8 gns of & green c@mpéua& {158 ) contgsining goma K01
(0°1 gue) separaisd sut. 1t was filsered, treaked wiih Senzene,
insoleble KCl wasp filtére& off asnd the green compdund (1&a) was
rveprecipitated uith petrolenn ether. The compound was purified by
r&peatedly_diss@lving in benzens and reprecipitabing with petroe-
leun éther. ‘ | |

The filtrate after sepuration of 1HA fumished 1°5 gms of a
brown cblourea compound (18B) upon concentration. This compound weas
fiitered, washed repeatedly with petroleum ether snd then recrysta-

1lised fyom benzengepst mizture.

Tdentifiestion of 158

The coépquhd has the following characteristics s
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(1) The compound 1s infusible upto 360°.

(11) It is moderately scluble in ﬁenzene, sparingly salﬁbie in

ComMon solvenitsg,
(1i1) UV visible spectrum ¢

Ihe elgctronia spectyum Of tbe conpound 4s shown in the figure « 19.
The compound shows a moderately intense absorption at 570 nm in
nethenol snd at 615 nm in earbontetrachloride, with shoulderslat

210 nm and 320 nm respectively in methandl and carbontetrachloride.
The spectral pettern 1s gimilar to that of the graen compound (1l4)
abtaiﬁad from tricyelohexyl tin bromidg and 1pn1ﬁr§so-2-napthol.

The large bathochromle shift of the longest wave length suggests this

conpound to contaln chelated l-nitrosoe-Zenapthol group.

(iv) IR spectrum s

The compound shows IR gbsorptions (flgure - 20) abrreSponding to
hydroxyl group sod Bn=08n skoleton. 4 broad snd medium intensity
band around 3250 cm'lxis indlestive of hydroxyl group. The preosence
cf a hroped, medium intenglty band around_é?o em™t indicates

Sn = O -« &n linkages (5&) vhich is supported by the presence of

sharp ir ebsorption bands st 750 cn™ and 773 an t
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The following strueture 1s consistent with the 2lementsl

pnalysis and specural data.

o
Gh-.ﬁlnoa-pﬁln-oos?-ch Bu = Cgig -
0f | Bw |, OH Ch = C3p Hg KO =
(XLVL)

tnalyuls found ¢+ G = 41°88% 3 H = 6°38% § 6u - 33°61%
Celcoulated for

660 H. Ng Gli 1'12 {’51’13 t &= ‘Ll‘&?ﬁ ; A= 5‘98% 3 & "-i‘ 40’92?%

Ldens ?“izjicnt ion of 15B

The compsvnd exhibits following characleristics @
(1) Zv 1s Taivly avluble in oommon sclvents,

(1) It mslts at €38 - éQP with desonpogition

(131) UV « visible spectrum

. The compound shows a sharp sbsorption band at £28 nm and Gwo
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shoulders at £B0C um and 330 nu. The pattern of sbsorption is similar to ;
lenii rosoefenapthol and thoge of yellow compounds obtalned in the

present study. Moreover the posgition of absorption bands remsins
unchanged in DMSO indieating strong co-ordination»with the tin

stome The electronic spectra 1s shown in the figure - 2l.

(iv) IR spectrua s

The IR spectrua of the cumpound shows the preosence of StimleSn
linkage (610 em™t, 573 en”t).

The compound 1s identical with the compound prepared by f
Hehrotra etal (44) by the reaction of dibutyl tin élchloride with ;

lenitrogu=2e=napthol .
Elemental analysis corresponds to the formula ILVII

C.H '
449 O a8
\ﬁn 0 sn/ 2470 _ _
C 4l | | ~>¢ , 16 6 V2 \ ]
4 o by 4o ) )

(XLVII )

lnplysis found s € & 53°B4% 5 H = 5°98% 3 H = 3°13% ;5 en = 28°20%

Calculsted for

Cog Hag O Np Sng 8 C = 52°2% j H = 6°8% 3§ N = 3°38%; 6n = 2B°80F
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. {16) Heaction OF trdphenyl tin chloride with dlacetyl monooxing,

3'2 gas of Lriphenyl $in chloaride wes fgfluxad,w;thAl'l mme of
dlscesyl monooxime ir 100 ml benzene for seven hours, The white
solld (O°75 gm, 16A) wnich sepersted was filtered off, It was

e parified by weshing repeatedly with hot benzene. Tha/filtraﬁa on
further hesting furnished the sane white solid slowly cver o long

p@i’iﬁ‘ﬂe

Lo o

Identifteation of i64

P

The compound has the fellowing ehaiacteristics H
(1) It is infusible upto 360°. ~

(1i) It iz insoluble in all common sOlvents.

(iti) IR spectrunm (figure -« 22)

1 indientos the

1as

A very brozd snd styong shsorption sround 2400 ox”
presence of hydroxyl groups. The styong shsorption at 1095 cam”
indiestive of tin = phenyl group, which i assigned to 2 € = H in

plane deformation mode (5Z). The prosence of phenyl ér&ug is Seurriery

further suproried by the presence of characteristic phenyl ring

v
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vibrations. Presence of = Sn = 0 = moiety is shown by the absorption

at 570 en™! (54).
Jn the basis of present data no definite structure con be
sugsestad. Houéver, the analytiéal data copregponds to formula -

ALVIII which is algo consistent with the gpeciral date snd physieal

characteristics,
9B TIH ?H
Cgtis = §n < (B =80 3 0 - 5o - Gh = Cyg Hg N0y .]
ch ¢h l, ch -

(XLVIII)

L]

Mislysis found ¢ C = 23°78% § H = 3°76% ¢ E = 6°CO% 3 Sn 3 43°208

44848

8l
L]

Celoulated for ¢ C = 22°67% § H & 3°02% 3 N = 5297 $ Sn
G 5H8 O@ Hen

(17) Eegetlon of {rivhenyl ©in acetate with dlacatyl mono Oxime

To & solution of 4°1 gms of triphenyl vin acetste in 100 m) bonzene

wag added 1 gm of diacetyl mono oxiws. Then it was refiuxed for
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seven ﬁaurs..mhévresidue.( a-mixture of a white and a yellouw solid)
was filtered off. The nixture wae bolled with chlovoform sad
{iitersd while hot, The filtrate fumished 1 gm of a uhlte crysta=
lline compound on ecoling (174}, The yellow product (17B) remained
insolublse The latter wes purified hy washing repeatedly with hot
chlorofarmj_rhe filtrate sfforded 0°03 gms Of the white compound

and Q62 gmé af the yellow product sfter repeatasion of this process,

Identification of 174

o d

The compound has been ljensifled as phenyl stannoie scstate
[Caliztn(0C0CH )], Doesuse of complete identity of its I spectyum

with that of 24,

dlaenvificetion of 178

The produet iz infusibls ugto 280”7 and ifagolubie in common zolvents.
The composition is varighle and as such s defindte foviuls can be

suzgestad,

€18) Resction of triphenyl tin chloride with siphsbenzil mozo oxime

58 gme of triphenyi tin chloride with 2°2 gme of slphsebensil
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mono oxime was refluxed in 100ml benuene for ssversl hours. The
réacsion was extremely silow and furnished only s smell smount of
Ingoliuble end infusidle whlte 9¢lid along with uﬁyeacte& alpha =
- benzil mono oxime (Mepe 139°), The whita solid is probably a
mlzture of & oumber Of poulymers as slomondal analysis does not

correspond tQ any simple formula ns such the solid could not be

characterised.

{19) Reaction of zrighényl tin acetate with glpha » benzil

®mond oxine

4+1 gms of triphenyl tin acetate was refluxed with Z°2 gne of alphae
benzil mone oxlme for seven hours In bengene. Un standing for one
hour 2°1 gms of a whlte erystaslliine compound (104} was cryétallisaa
out, It was flltered, washed several times with hoL benzene, then
recrystallised from chlorofurme Ths filtrate fumished 1*5'g$s of

unreacted Ke=bengil mono oxime and 07 gr of Lyipneayl tin acetats,

ITdentificetlon of 194

This compound is infusible upto 360° and sparingly soiuble ounly in
chioroform. The IR spectrus is identical with that of phenyl
gtannole acetate, [Csﬁﬁﬁn(ﬁcocﬁa)oﬂn, thnes showlng the white solid

asa

to be phenyl stenudic acetate.
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|

-{20) Reaction of triphenyl tie chloride with benzoin‘oximeténgren).

o

To & dclutian»of B’B'gme'@f'triphenyl”tin chlaride:ih 106'm1 benzene
wag ‘added 2°2 gms sf banaoin oximes 1t was refluxed fcr geven lhiours,
o %baﬂﬁlng for one hour 0'6 gm of a White compaund crya&allised out.
-1t was filterad,-u&ahed several t1mes with petroleum ether and cold
mgthancl and. £inally recrystalllsed from benzene « pat mix*ure. ?he
filtrate was concentrated and the smell gmount of the precipltate
was filtered off. mo %he filtrate pearoleum ether was added when

35 gas of o white erystallise cﬂmﬁﬁaﬁd {204.) separataa out s This
campaurd wag wahsed with hot @euwﬂleuﬂ ether pnd euaé nethenol end
finally purified by recryetelllsssion frew benzens e p@ﬁ mixture

PR ¥ 1 .
§mo'ﬁ0 250 "‘}

ddentification of 204

The eoupound. hag the £¢7 1ww»$m ohapse t& Asties =
(1) it is deﬁ“aﬁ%*v a@! AN ﬁn she eoBEon solvents.

C(14) 13 melts at 2607 with dscomposition,
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(iii) IR spectrum 3

The IR spectrum of this compound has been discussed in detall
under the section ! structural aspects of the products', where the

following structurs has been suggested.

(XLIX)
Aualyéis found s C 5 44°80% ; H & 3°52% ; S~ = 31°8%
Caleculated for
Cop Héé O Ng 8np 3 C & 45°66% § H = 3°26% ; Sn=32"2

(21) Reasction of triphenyl tin acetats with benzoin oxue (cupron).

1°1 gms of triphenyl tin scetate was refluxed with 1+l gms of
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benzoin oxime in 100 ml benzene for seven hours. It was then
treated with excess of petroleum ether when 1°9 pgus of a white
compound (214) crystallised out. It was filtered, washed with
petroleun ether and finally recrystallised from benzene «
petroleum ethef mixsure (m.pe. 2320). The filtrate On'édncentra-
tion furnished a small quantity of unreacted triphenyl tin

acetate.

Idenﬁificazion»cfvzlA

Theé compound exhibits following characteristies 3.
(i) It is moderately soluble in comnon zolvents.

(1) It melts at 232°,

(1ii1) Tho IR speetrum and other charactsristlices are discussed in
detall under the section, 'structural aspects of the products'.

On the basis of these data and elemental anslysis the

following structuré has been suggested.
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H ?AC Tﬁc q
l 0 . o l
Pho= ,\ w\g/ian/ \T - Ph
Ph = C Q + N C - Ph
(L)

Analysis found ¢ C = 45°06% g H < B3°70 5 S» = 2798

Calculgted for

Cuctlog Og g 8ng 8 C = 45°76% § B 5 3°67% § Sn = 28°28%
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CEAPTER « 1V

On preparation 61’ organotin carbozylates by the
reaction of organotin hydroxides with osters.



« 162 -

Iv & Introduetion s
Despite the sremendous amount of work slready done on opgae

notin cerboxyletes, interest in compounds containing 0CcOSnRg
group still continunes. This 1s pértly‘due to the growing importance
of diffent types of orgenotin carboxylates in the industry and
agriculture, and partly due %0 the variety of structural features
found in organctin cerboxyletes,. '

Orgenotin carboxylstes are genarally'prepared by the reasction
of orgsnosin oxides or hydrozides w&th-earboxylic sclids and thelr
suhydrides (1+10) ¢ | |

N ‘ . . ‘
FgSn0SnRy + ZRCOCH —>2RgBalCOR + B0 (1)
FgSHUSnRg + (RCO)p0—>ZRaSnOCOR ' (2)
RpSn0 + 2 R COOH ——> RpBa(dCOR )p+ HoO (@)

The water produced 1n'these roactions 1s removed usually be azeow
tropic distillation or alternatively by refluxing at higher

temperature

(11) o .
Bug&nOSalug + <__\> coon 100 - 10C

2 @Hcoosmma @
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Recently o number of tin thiophene c&rbaxgla%ek(%) of the type 1
and II have been prapared from shlophene carboxylle scids and RySACH
or (Rgin)g0, |

N\ / \__/ R o Butle ot
- S0 ete
m(“ ‘ co0SnR RSO t Jcoos R ’ )
PR LAWY \.é 3 3'\ OC S; A 3
(I (14)

Qrgaﬁatin carﬁoxﬂams heve 2150 been prepared by the resetion of
the corresponding orgenotin hslide with the alkell metal or silver
‘salt Of carboxylic scids either by stirring the resctents in mixtures
of organic/ sguecus medium et room temperature or by vrefluxing the

mixture (9418-14). This method represented as

/ !
Be8aX + R COGM = Ry5nUCOR + MX (8)
A B & Nn, K, 4g§ X & Halogen

1s frequently used for iis slmplicity. ‘

The ability of carboxylic aecids to cleave metal carbon
bonds 48 the basis of yet ancther method for the preparstion of
organotin carboxylates (15,16) = |

! : - § L e t ‘ s .
RgSa + R GOOH - RgSn0COR + RH . (6)



-O, 164-

The cleavage of organie groups depends oa the acid strength, néimre
of the groups R end R' sud aléo on temperature (17 - 19), mei
groups ére cleaved mope readily than nc’»rmai alkyl groups but less
readily then phenyl groups. Pb(0OAc)g hBas alse been used for acylation
of RgSril, RoSnHg ,(RaBnjg 4 BgSn and (RgSa)g0 (20)..

uivila (21) showed that the reaction ¢f organotin hydrides
with carboxylic acids produces carboxylates secording to £ollouing

equations s

I} []
BySri + R COOH —>RgSnOCOR + By, %))
!
RoSallp + SR COUH — RgSn(OCOR )p + SHg (e)
I ¢ .
RySa(0C0R) o RpSnklyBRpGnH( 0GOK ) (9)

with 41 n =« butyl tin dihydride, the intermediste hydride acetate

decomposes tO tetra n « butyl dlacetate.

2 Bugbully + 2 CH,C00H —> 2 BugSaH(0Ac) + Hg (10)
| 2 BueSnH(O4c) —— BuoSn——Sniu
£ N (11)
OAe Qac

Using similer methods 1,2 dlcarboxylates have been
prepared (22 = 24)

2 R,8nH, + 2 K COOH —>R Sn—— Sk

| + 34, -(12)
OGUR  OCOR
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The nnture of the proﬁucns sometimes degands on she carbsxylic acld,
Aetion of banzoyl pemxida on di-n-mtyl tin dmydride also progduces
the 1,2 dibanzoate (25). A

' Hslo earboxylam der:!.vauives of arganomn compounds sre most
conventently _prepared by heat;izag, equim@lecular ;nixtura of the
dihslide and the carboxylate in an inert e_olv.er;t (26, 2?)

| BugSnBrs +  BupSn(Ohc)y — SBupSnBr(OAc) | (13)
thegse may be prepared by tshe‘following reactions also (23,20)

BugBacly + KOOCK —>BugSnC1(0CUR) + KC (14)
Anhydbldes of an unsai;urézed aei{i‘ e.g. malelc anhydride forms

disubstituted orgsnotin esters when rescted with hexsbutyl distannoxans
{30)

0

Ho— cz< | ' HG - COUSnBug
“ 0 & (Bugin), | (15)
HC— c\< HC = COOSnBug

0

4 novel method of preparetion of trialkyl tin scetate by electros
chemical method using R, 8n (wherse R = Me, Bty Pry Du) and Hg(l)
acetate have besn described by Tagliavinl and his cosworkers (31).
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/
Tricarboxylates derivatives of the type RSn(O0COR)g are
‘usually prepared from the corresponding trichloride by the action

of silver salts of earboxylic aclds (32). ‘
Anderson (33) has shoun that triethyltin cerboxylates can

be preparad in good ylelds by the fellauing reaction g
(itg80)00 + RCOOLL — EtgSnOCOR + EtgBnOEs {16)

clearly, orgenotin hydroxides would underge similsr reaction aceope

ding to the egquationy
! t
RaBnOH + R COOEt — R3Sn0COR + ELOR (17)

Since the orgsnotin hydroxides can be easily prepared from
- the ¢orresgponding helldes by shaking an etheresl solutlion with
agaeous godium‘hydroxide, and ginee no drying of the produet is
necessary unlike (RgSn)o0, it was decided to inveatigate the scope
aad sulte bllity of the methed for preparation of different types
of organotin carhoxylabeé.TThe_results of this investigation are

presanted in this chapter,

IV B Results and discugsion
| & sumaary of the regetions studled are given in Gtable 1, As

can be seen soturated carboxylates like formate snd acetaie are
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obtained in alwost quantitative yield. With functionally SQbstisuted
esters like CICH-UODEL end CNCHpCOOEL - the yleld are falrly high.
Further, no spide products or polymeric greduczs are generally formad.
The method 1s. extremely suitable for thé preparation of heifl esters
of dicarboxylic aclds of the type RgSnﬁﬁé(CBg)HSQUH. Attempts tO
prepare PthnGGGGOOH by the rsaption‘or triphenyl tin chloride with
soding hyarégen oxalate {(mono sédium derivaﬁiva>1n 1: 1 mole ratio)
always lqd_tq ghe.formation of PhpSn( 000 )gHo0, Even, the reaction of
Ph38nCl with (COUNa)p in 13l mole rstlo produced dipheayl tin oxslate
through cleavage of Sa « Ph bond instead of the degired PhaSndiC,
CU0Ha, However, the half ester PhgSnOUC.CODEL could be easily prepared
in goovd yield by stirring triphenyl tin hydroxlide with diethyl oxanlate
with sn excaess of the laiter. Helf esters of dlethyl mslonate could
also be obtained simila;ly. It isfworﬁh mentioning here ﬁhét

Qas(&cc) ¢f the ester greup in (triphanyl tin) mono ethyl oxalate
Phasnaeo.caﬂcgas oceuru at 1680 en, -1 This valus is considerably
lower Shan that Observed in normasl esters (1720 « 40 em )9

loveying of,'Qas(Gca) is indicative of coeordinaticon by the o C & 0
gIoup of theﬂester. As such (triphenyl tin) mono ethyl Oxalate is

most probably intremolecularly coeordinated as shown in structure I,

(5
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On the contrary, (triphenyl tin) 1mono ethyl malonate sbsorbs at

-l

1730 cm Y and 1550 om 1adicating the preaence of uncoeordinated
. P

c

Ve \

_ester group prabably 1ntermnlecu1arly~bridgad &én 6n e

as in triorganotin formates, acetates etc. where' Vaa(ﬁcﬁ)'occﬁrs

at about 1850 cmfl

molanate and the oxalate derivatives are not claar. However, it may

« The reason for this difference betwesn the

be that the ﬁumembered Sn containing ring in structure iis probably
more stable than Gsmembered ring (I0) which would be raquired to be
formed in the malonate derivative 1if insremolecular co-ordination
takes place, In that case incer molesular co-or&inatian nay be more

fwvaurable in the malonate derivative.

The method however falls with baézoates end substituted
hengeates, Thza no opgenotin derivative could be odtalned with
p - oantlio »« QT p = nlt70 benzoate. Thls i probably due to the
facile hydrolysls of triphenyl tin benzoates by the water presnet
with the organotin hydroxides,
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It nsy bde seid 1in conclusion that the method seems to be
preﬁ’emble where pure derlvatlves are requ;ireq, partlcularly when
share 1s a tendency for the formation of polymerie products in the
reaction between the organotin halides and the sodium or pokessium

‘carboxylates.

IV ¢ Ezpericentael

The sumaary of the resetlons of orgaaie esters with organotin

b;& oxides is given in the tablesI

Togble « 1

TrioTEaion T Esters of Conditlons Prodncts Melting Yield of the
tin hydroxides carboxyllc of reaction formed point producta
, scidg Y
(1) (2) (3) (4) {5) (6)
Ph,Sall HCOUCHg  Stirred at ﬁ(}ms'x?hs aoz° almost
TO0m temporae quantitative
ture for ‘

elght hours .
PhaSn0il  CHaCOOGgHg  Stirred for CHaGO0SuPhy  Almost

elght. hours 49 antivative
at yoom Lene iz @ v
peratuye |
Phadnil | (FiCO0Csi Stirred as  CHgCOUSnPh. Almost
3 % Wb Totm enMperae % 3 o Mmantitative
ture for izl
‘ eighb hours , ,
PhigSndH ~  CICH,CO00C H; Refluxed for CIGH,G0USuPh,  4lmost E

5 hours in 13 quantitative |
benzene . '
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Tgble = I Contd,

(1)

2

(3)

(@) (5)

(6)

PhgSnlR
Phaﬁnﬁﬂ

Bugsnlil
BugsnlH
PhgSn0H

- Phg&nOH
PhgSnll

CRCHLUICH g Refluxed

for five
hours in
bangene

CllgRCUCO0C F; Ref Tuxed

CoHg0C0CRCO0CHy

CEgCO0CHg
HCOOCHg

CHg=CHGOO0CH,

CeHeC00C Hg

p=1E 50400005

for five
hours in
benzene

Refluzged
for five
hours 1a
benzene

¥ efluxed
for five
hougps

Hefluxed
for five
hours

CHCHoCO0EnPhy  141°
CoH50000008nPhy 127°

Cpfighooctly-  139°

Coo Sv\Pf\s

CHaCODSnBug  80-81°

HCO08nBuy
ma

Strried at CHysCHCODSnBug 63°

Po0m L Qole

perature

for eight

hours

No easter formed

o aaster formed

p=0cCiqCllCcHg No easter formed

6oft
808

Alnost
guantisative

Almost
uantitat ive

127-30°/ Almost

quantitative

A1lmost
quantitative

 Ph « Cllg = 3 Eu-’-claﬁgh-
(1) Purification of ethyl formate, othyl acetate, butyl seetate,

diethyl oxalate and diethyl malonate ¢ The esters, ethyl formate
Cb.p.%a), ethyl acetate (bopo TC o 770), utyl scetate cb.pa 1250)'

dlethyl oxalste (bep. 182°) and dlethyl malonate (beps 1908°)
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wore thoroughly washed first with setursted godlun bicarbonete
salution ond then repeatedly with water, They vare dried over
anhydrous Mgy and finslly distilled, The lagh two esters were
dlstilled under reducsd pregsurgs
{2) Freparatlon of ethyl chlord acetate s

Fthyl ehloro acetete wes prepared by refluxzing chlorvacetic acid
wicth ethyl eledhol in préseage Of concentrsted sulpturie zelde The
- wotey produeced ian this resctlion was removed by agéaﬁrmgiehéistilza#
" tion, the residue left 4n the distilling flask was added £0 water
when the eaﬁéx»sapafa%aﬁ as gn Qﬁl?‘layar. ?he leyer wat soparated,
waghed with ssturated FNsHCUq sﬁlutian, ariea avar anhiydrodus Mgho

'aﬁd finelly Alstilled when pure evthyl chloro seetate, bepe 141° »
‘wag obtzined, ‘
(3} Preparation of ethyl eysno acetote § |

Zehyl cyane scetate was prepared accordinpg to the method deseribed
by Vogel (34) | |
(4} Freparstion of trd phenyl ti€ ﬁy&rexida :

PhaSnlH was prepared hy 3hakiﬂg o1 ethorezl soluition of trd
- phenyl ¢in chlorides with 20 aqpeaus soducion of sodiusm hydroxide,
The whita golld precipitated was Cilterad and wasghed thoroughly with
Wwatar o remove sodium hydroxide and then with ether to Tenove eny
unchanged triphenyltin chioride or ble (tripheayl tin) oxide, whieh

may ba formed during the resctlon ¥hgindH was dried ia aiv,
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{5} Preparativa of | ribh%yl tin hydroxzide s

Bugbnil une praparmﬂ by snahiﬁg ardtubyyr nia chlﬁride in auhsreal
seltution wish 28 squetns NplH. Yhe stherssl solution was waghed
tnﬁrmugnay with waters *his'swlutiaﬁvwas-usad in the reactions w&th
asters sfter drylag over anhy@fbua cslcium chloride. '
{6) Regetion of uriph&ﬁil uiﬂ hy@roxid@ with ethyl foraate 2.6 gus
| f irighaayl tin hydraxiﬁ& was atmrred ia 10 m1 athyl fornate’ fsr
elght hours. &&ai 1on of ercasﬁ @ﬁ petroleum ether %0 the saluti@n
.y..TT@Ljﬁnﬁﬁu@ﬁ Qod~3m3 5 B 3 Jhlte aalld. The Tilbrete ”ugﬁiaﬂed 393 god
| of the scme eampcuaﬁ @aievgpmra*ioﬁ Bearly to drynass aad caalingo
e praﬁmct was erystallised fram.patraleum other {(m.p 201%), and
‘idem&ifi@d 88 Eriynangl tin formuto by mized felsing poima and I8
soactzum, | e |
{7) Resevlon of %ribuﬁyl Tin hyﬂrazia@'@zzn Bhhyl fbgmgt@ 3

Ze B £ns of tribuiyl tin chloride wes convepiad é@'%ribuﬁyl tiﬁ
hydroxides The estheresl solution of thé latted was Fefluzed with 15 ml
of ethyl formate for fﬂvb'heﬁrs;'ﬁnreaeté&‘eth§l formate wae evaporated
aﬂﬁ, the residue wes treated wlth petrolenm sther aﬁﬁ filtoped, Ths
pabwaiaum ether was @vaparaueﬁ off and the ligmild was purified by
dietiilat ion under raéaceﬁ presyure (B.b,.. 12 ?Qvaa,/ﬁ'mai. The éist&llate
waa’iaantifi@ﬁ'aaiﬁriﬁaﬁyiAtin‘farmgte by‘comﬁarasqé éf.lﬁ spectrum

‘with 'thet of en authentic ssmplee.
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(2) Reaction of triphenyl tin Bydrozide with ethyl scebate g
346 gus of tripheayl tin hydroxide was stirres in 10 xl athyl

acetate for elght nours. wha aalutien ues evaporated nearly to deyness

wvhen 3,95 gn of a white crystalline cowmpound separateds The compound

wap purified by recrystal;isation from petroleun ether (m.p 121%Y, -

The cwmyaun& was ldeatifled as triphenyl'tia acetate by mixed melting

pﬁlnb snd IR spect Fully
(9) Heaction of tributyl tin hydroxide with ethyl aceSsta 3

He% gmy of tvlbutyl tin chioride wag coavertzd o Sributyl ¢in
hyéraxida.'§h§ ethereal galutiém‘of the lotter was refluzed with
15 CC ethyl éeaﬁata for five hsurs; The solution on evsporation
| furaighed 3;3 gﬁa of tﬁa srude grOﬁuez.'@n recrystal’isﬁriam from
petroleum ether pure trimityl tin cefaue, m.pe 80=81° was obtained,
The vrmauet Wag 1&@%*1£ieu by Bixed melting point with suthentie
saipit.
(1@) React lon of-triéhenyl tin hyér@xide with butyl scetste s

3.6 gus of triphenyl tia hydroxide wes stirred with 10 = utyl

acetatee. The sointlon was svaporated to dryness when 3.9 gus of @

white 303114 was obﬁai&ad which was recrystalliged twice framkyeﬁreleum

ethew to furnish pure ﬁrinhenyl tin acetate, W.pe 121 w122%
(11) Rezetion of triph&ﬁyl tin hydroxide with sthyl mono chiore

aoehipia,

2.6 gmg of tripheﬁyl sin hydroxide was refinzed with 8 ml eagrefully

purifiea ethyl mono chloro scetats for & hours in 16 ml dry benmens.




The solution on concentration %0 a smell volume mnd éooling in ice
furnished 4.2 gms of alnaedlé'shabea cryscalline-solld, The solid
was recrysitallised twice from benzene petroleum ther minture.

- The compound was identified as triphenyi tin mono chloro
acebat e froh,iﬁS“mslting point (136°) and mixed melting poing with
authentic semple. , S - -
(12) Reaction of triphenyl tin hydroxide with ethyl cyano agetate ]

3.6 s of triphenyl tin hydroxide was refluxed with 3 =1 of
pure ethyl eyano acetate in 15 rml benzene for five hours. 0.72 grs
of a ubite ﬁolymeric solid {m.p />366°) was flltered off, The
‘ filirate on concentrétisﬁ under raduced pressure furnished l.1 gme
of 2 polymerie compound { 7.p >Bﬁd°) again, Tha £iltrate waz evaporas
ted t0 drysess under reduced pressurs then raérystallised from bsnzane
when 2,3 gms of triphanyl tin eyano acebate (m.p.l&l?, n¢ depression
in mixed melting point determination) was obisined.

(13) Reactlon of tribtutyl tin hydroxide with methyl acrylate

1.5 gas of tributyl tin chloride was canverted to tributyl tin
hydroxide, Theethereal solusion of the latter was stirred with 10 ml
of methyl serylate for eigzht hours, 4 small amount of white solid
formed was filtered off, The filitrate on concentrsiion gsve n semlie
solld Masé which furnished 1.8 gms of a erystalline 501414 by cooling

in ice, The solid was erystsllised twice from petroleum ether when

o
pure tribusyl tin methacrylate (M.p. 63°, 1it, velue 637) wag Obhalnsd.
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(14) Resctlon of triphenyl tin.hydraxyﬂe‘with.dietﬁyl oxslate § .
3e6 gmg of triphenyl tip:b&ﬁroxide was refiuxed with 4ml of
purified diethyl oxalate in 15 ml of benzene £or five hours, éh@
ingoluble polymeric solid (m.p ;>3éd9) was filtered off, The Liltrate
was eveporated nearly ta\drynééé“whgé 3.5 gms of a white compound
éryséalliaeé out, It was purified b& recrystallization twice from

benzene = petroleum ther mixture (m.p. 127°)

Identification of the compound s
(1) Plemental snalysis corresponds so (triphenyl tia) mono ethyl

oxslate, CghglCO.C0.08MPhg - | - : : C

24,39%

Analysis found ¢ C & 55.42% 3§ H = 4,18% § Sn

Celeulated for . .
CoglionUssn s C = 66,568 3 H = 3.868 § Sn = 28,437

(ii) The presence of two avn equivalent « COQ groups in the molecule
is shouwn by L’as(ﬁCﬁ)‘absorptians at 1630 cm“l and 1610 cmfl. The |
1610 ezl absorption cen be attriltuted to = COUSNR, while the 1630 cmrli
! i

absorption is certainly due to the:sQ00Et group. However, the i

lowering of Vas(0C0) ia the tin derivative compered to its position in |
noymgl esters {( ~ 1720 « 40 emfl) is indicative of intramolecular o

co=ordingtion ag snown Delow 3 '
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(15) Reaction of iriphenyl tin hydroxide with dlethyl malonates

3.6 gus of triphenyl tin hydroxide and 4 nl of dlethyl mslonate
wos refiluxed in 156 ml benzene for flve hours. The golution was
heated to evaporate off benzene and the unreacted diethyl malonate
was d&stilléd.bfrfat 83-85° under reduced pressura, The residue
{442 gm)was reerystallised from benzene when a whlte s&lié,,mpé.139°

was obteained.

Identification of tha golig s
(1) Flemental snalysis corrssponds to (triphenyl tin mono ethyl

malonate, Pha8nlCO.CHLUOCH g,

Anplysis found ¢ C = 57.26% 3 H = 4.75% 3 Sn & 24.38%
Calculated for ‘ '

Cogfiog0qSn t C = 57,430 § H = 4058 § 8a 5 24,707

(1) IR specirum ghows the presence of - COUC,He group (17300m°1)
and a carboxy group bonded to tin (1550 cmfl). Unlike the oxalate
derivative, no lowaring of \)as(GQO) of the ester group is obéarvad
here indlesting the absence of coe-ordingtion by the « COUCgHs groupe.
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