CRAPTER-IV

CARBOXYLIC ACID ADDUCTS.



CArRBOXYLIC ACiD ADDUCTS

IV.1. Introduction
The reactions between organocstannoxanes and organic and
inorganic acids, universally used for the preparation of organotin

esters , are . believed to proceed through the intermediate

donor-acceptor transition state

e rmewanlf)—
T

Presumabty, the intermediate complexes have very low gtability and
undergo intramolecuiar rearrangamsant leading to the final
products, making it difficult to isolats the intermediate
compiexes in most cases. An' evidence in ,faﬁour of such an
intermediate has bagn prnvided by Narula at.ai,t, who i1scglated the
adduct (Pthn?an-PSDg from the reaction of (PhaSn}JJ and SD9 in
CCld at -20°C. {Phssri)zD-——>SD9 converts into {Pthnlasﬂ4 on being
refluxed in the same solvent.

fn the reaction between organctin oxides and carboxyiic
acids in non-ionising solvents, although there is no direct
evidence, the following eyclic intermediate ié expected to be

formed through a H-bond batween the Sn—{0 atom and the acidic
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H-atom, assisted by a nucleophilic attack by the carbonyl O-atom

at the ftin atom,

11
This. is guite similar to the ftransition state proposed for the

2

reaction of siloxanes with AiCiB and the reaction of (Pthn?;J

with ngzg. and does not seem veary unlikely in view of the known
donor property of the stannoxanes, discussed in chapter~1i.

Normaliy, such an intermediate {1]1] should undergo instantaneous

electron shifts as shown  bheilow, leading tno the organotin

carboxytates.
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Obviously, the stabilisation of the intermediate 11, if at all
formed, will depend not only upen the doner-acceptor property of
the oxo-erganotin compounds, but also upcocn the presence of other
poténtiat donor sites 1in _the R'COD moiety, alectronegativity
and sﬁeric factors.

In this context the a-keto wcarboxylic acids, wused in the
present investigation, seem to be suitable for the isoclation of
the interTediate addition product, sincse they have the right
acidity {ch. £3.0) and suitably placed additional denor group.

" Since the nucleophilicity of the oxygen ‘bonded to tin in the

stannoxanes, is also important in the formation of the
intermediate, bDis(triorganotin}t oxide are most likely to be the
right choice for realisation of such addition products, In fact,

stirring of a mixture of bDisitriorganofin) oxide /hydréxide and
x-keto acids led to the precipitaticn of compounds corresponding
to agdition complexes in a few cases. The intermediate invelving
tha bis{triorganotin! oxides / hydroxide and o-keto acids may bLe
represented by either of the structurss [{1iIA or {[iB, where the
nucleophitic and alectrophilic interactions are mutually

supportive, as shown beiow,
it may be noted that the propogsed structures I1[IA and IIB
aof the transition state, involve ths trans feorm of the keto acids.

Although, the <cis form of the acid can be utilised to draw a
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structure anatogous to 1ilA, no structure similar to {IIB c¢an be
visualised wusing the c¢is form, begcause that wbuid involve
excessive steric strain making the structure improbable. Moreover,
molacular magdetling and energy galoulstions [se9 sactiaon
{IE.3,2.A(i}} have shown that the cis form of the keto acids are
less stable than the trans forms.

ff the intermediate is5 represented by structure 111A its
stability éhould not differ much from that of structu;a if,
~because for structure I[1lA, neither the additional donor group,
nor the field effects originating at the R' group, can influence
the electromeric esffects iaading to the immediate conversion into
the carboxylate derivative‘as shown below.
Cn the other hand, the formation and stability of structure IIlIB

will he greatly influenced by the electronic and sterice factors
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dependent on the R' group. Moreover, rearrangément leading to the
formation of the carboxylate derivative is not likely in 1I1IB. The
latter is thus, expected to behave differently and its
rearrangement wilt lead toldifferent products. Therefore, although
the produét represented by structure 11IB may bes isclable, it
should hot be regarded as the intermediate in the reaction betwesen
organostannoxanes and carboxylic acids jeading to tves formation of
the organnotin carboxylates, _rather, it should be termed as

carboxylic acid adduct of organostannoxanes/organotin hydroxides.

ive. Experimental

The organotin compounds and the a-keto acids wers
prepared accbrding'to methods described in chapter-I1i. All the
solvants were purified by standard mesthods®., The methods for the

preparation of the addition products are described below :
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1. Reaction of PvH with (PhBSnizD

1.78 g {(0.0025 mole) of (PhBSnEZD was dissclved in about 10
ml. dry benzens/solvent ether by warming. To the clear, warim
solution O0.44 ¢ 1D.00B mols) of FvH was added drop wise with
shaking. Allﬁwed to stand for -2 minutes, when solid began to
separate. The bengenefethar solution was carefully poured into
another flask containing 5 ml pet.ether.. Allowsed to stand for
10-20 minutes and the superﬁatant ligquid decanted leaving the
solid behind. The 'éclid was then washed repeatedly with cold

benzens and ether and dried, first In air and then under wvacuum

over Call .
z

Yieid ¢ Z2.01 g (80 %1}. Mp. 1460C {d}.

Anatysis . . % Sn % C %
Found : 25.86 ' 568.5 4.5
Calculated'for.PhBSnDH.FvH : 25.88 55.56 4.4

2. Reaction of PvH with PhSSnDH

.35 g {£0.001 mole) of freshly prepared and air dried
PthnOH was suspended in 10 mi ether and 0109 g | G.001 molel
PvH added drop wise and stirred for about 10 minutes using a
magnetiec stirrer, when PthnOH gradually went into solution,
Stirring was continued and within a few minutes precipitation of
product started. FPrecipitation was compiegte in about anothey 15

minutes. Allowed to settie for a while and the supernatant liguid
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decanted. The solid was washed several times with ether and dried.
0.425 g 96 %) of a white product, melting at 148°C(d), were
obtained. & was identified with PhBSnOH.PvH by wmixed meiting

point and compariseon of IR spectra and analytical data,

3. Reaction of PvH w?th (BUBSn)zD

1.49 g {(0.0025 mole) of (BUSSnizﬂ was dissolved in 10 mi
pet.ether and 0.44 g (0.005 mole}! of FvH was added drop wise with
shaking. 2 drops more of PvH were added and shaking continued for
ancther § minutes. The pot.sther solution was then carefulily
decanted, leaving the unreacted PvH behind; into a2 large watﬁh
glass and solvent removed by blowing hot air gently, The watch
glass containing the semisolid mass was then placed in a vacuunm
desiccator and dried under pump for 2-3 minutes, The wax-like
yhite solid was then traﬁsferred tc a small conical flask and
dried further under vacuum over CaCiz.

Yield : 1.93 g (98 %). Mp. 72-749C (d).

Analysis % Sn % C
Found 30.8 47 .68 7.9
Cajlcultated for BUSSnDH.PvH : 298, 84 46.69 8.1
4. Reaction of FuvH with [{FhCHZJESn3ZG :

1 g (0.00125 mole}) of {BZQSn)zO was dissolved in 10 ml dry

benzene and to the warm solution 0.24 g (>0.0025 mole) of FvH was
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added drop wise with shaking. Shaking continued for 2-3 minutes
more, when éolid began to separate. The solution was decanted into
another flask leaving the unreacted PvH bhehind. Precipitation was
completed by addition of pet.ether and aliowed to settie, Thé
clwar supernatant ligquid was decanted and the residue was washed
with benzene. The vellowish white residue was dissolved in ether
and reprecipitated with pet.ether, filtered and dried.

Yield : 0.8 g (75 %}, - Dbid not melt,

Analysis . % Sn . % C % H
Found : 23,2 58.38 4.8
Calculated for BZSSnDH.FvH : 23.79 58.06 5.24

5, Reaction of PPvH with (BuaSn)zD :

0.3 g | 0.0005 molal of Hh%Sn)ZO was dissolved in 5 ml

pet.ether and shaken with 0.18 g {>0,001 mole}) of FFvH for 5-6
minutes. The light yeilow.éo!utian was filtered and kept-overnight
at 5°C. The slightf precipitate formead was removad by filtration
and the filtrate stored at 500 for several days. The white product
obtained melts at 889C and weighed 0.28 g { B0 %;.

Analysgis : % Sn ¥ C % H

Found : 25.3 54,8 7.5
Calculated for BUBSnUH.FPvH : 25.1 _ 53.61 7.66
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G. Treatment of RgSnDH.R'CDCGUH with dil! NalOH sclution
{Estimation of organotin to acid ratiol.

(i} An accurately weighed mass of the triorganotin compound was
disso!ued in methannl and titrated against a dilute NaOH {aq)
sotution having accurately known strength of N/100. order using
phenotphthatein as indicator. The burette . reading {Ui) was noted.
A blank titration of the bisl(triorganotin} oxide Qs. MaOH was then
carried oput and on its basis the volume of NaOH consumed by t(he
ampount af stahnoxane, expected to be present in the triorganotin
compound ftaken, was calcutated. This volume was deducted from Vi
to get the volume of NaOH {Uzi apparently consumed by acid present
in the +triorganotin compound. From Vz the amount of acid was
calculated and was found to agree well with the formulation
RSSnDH.HL {where, HL = R'COCOOH)H.

(ii) A benzene solution of an accurately known amount of the
triorganotin compound FhBSnOH.F‘vH was shaken with calculated
volume {(required fcr_complete hydrolysis of the complex) of N/S50
MaGH (ag) sclution. and the agueous layer was separated. The
concentration of NaPv in the aqueous sclution was calcutated on
the basi; of the above fo;mulation. Another  agueous soclution of
NaPv, having exactiy the same concentration, waz prepared by
neutralising PvH with Ns/50 NaOH solution. The absorption spectrum

of the twpo solutions in the UV region werse recorded using a
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Shimadzu UVZ240 spectrophotometer and were found to be reasonabily

matching.

IV =, Rasults and DNscussion

Perhaps, the most interesting results of the present
study is the separation of addition products of the type
RBSHDH.HL, where HL denotes the keio acids. These products are
obtained simply by mixing the ketq acigd witth {RQSnyZD {ar RSSHDH}
in appropriate proportion in benzene or solvent ether under very
mild oconditions. Pyruviec acid {PwH ) exothermally adds on to
{BUHSnIEO at roum temperature, even when the two liquids are just
mixed in appropriate ratio in the absences of any solvent, to give
a waxy solid product, The reaction conditions and other details
for the preparatioh of the addition products are given in the
tabte-1V. 1.

A reference te the table-1V.2., showing the percentage yieid
of the products, reveal that their formation depends both on the
nature of the keto acid and the ofganic group R on the stannoxane.
The data from table-IlV.2. also show that the Taft's constant value
of the éub%tituent R', which gives a measure of their ability to
influence the welectron flow to the adiacent atoms in R'COCOOH,
strongly effects the yield of the addition products. Increasing

Taft's constant decreases the possibility of formation of these
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Table:-IV. 1,

St. Raactanté and Reaction Conditions Time Froduct % Yield
no. mole ratio. : . » Mp.
i. (Pthn)zD Solution of stannoxane in 2-3 FhSSnUH;PvH 90,
 + PvH ' ether/bez. shaken with ac- min. 146°C(d}
{1:2} id. Soin. diluted with pet.
ether. Product washed with
ether.
i. PhBSnDH Stirred in caold ether with 30 PhESnGH.PvH 95,
+ PvH slight excess acid. Froduct min. 146°C(dy
(1:1} : washed with colid ether.
3. !Buasn)zﬂ‘ Shaken in pet.ether with 5 BuaSnDH.PvH 98,
+ PwvH stight excess acid. Fet.et- min, 72-74°¢
{1:2) her layer decanted and eva-
porated.
4. {BZSSn)zO Benzene sol;. of stannoxane 5 BzgSnOH.PvH 75,
+ PuvH " shaken with slight excess min. -
i1:2) acid. Bez. layer decanted
into pet.ether., Bplid diss-
olved in ether and repreci-
pitated with pet.ether.
5. lBuBSnkzD Stannoxane and acid shaken 5 BugSn.PPqH 60,
+ PPvH in warm pet.ether, filtered min. . s8a8%c
(1:21) and stored at SOC.Froduct
" washed with cold pet.ether.
B. Fh, SnOH Stirred in cold sther with 30 PhQSnBF 85,
+ BFH slight excess acid. Froduct  min. 1499¢C

f1:1) washed with coid ether.
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products. This is gquite reasonable, since the formation of
addition product is expected te be facilitated by electrgn
releasing groups (low Taft's constant).

With the same keto acid, the yield depends an the organic
group attached te tin and decreassgs in ths series n-Bu »Ph >PhCH2.
This pattern is not related to the electronic factors, e.g.,
inductive or wmesomeric effect o0of the group. UOn the dther hand;
this clearly reflects a correlation between the size of the group
and the ease of formation of the addition complex. Thus, both
steric factors and elecironic factors govern the formation of
these products, High Taft's cénstant wvalues combined with the
presence of bulky group at the tiﬁ atom, as can be saeen from

tabte-Ii¥.2., prevents the formation of such compliex.

Table-IV. 2.

% yeild of product.

. R n-Bu Ph PhCH
R z
{Taft's const. !

CH
2
(-0.058) 88 90 15
PhCH
2 -
(0,04} 60 - -
Ph

(0. 1) o - - -
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Significantly, the ketoc acid where the substituent has high
Taft's constant, e.g., PhCOCOOH (benzoyl formic acid! gives high
yield of the carboxylate of the type RgSnDCDCDR‘, by reacting with

either {R35n120 or RaSﬁUH, even under very miid condition.

IV31 Characterisation of the Products

Atl these compounds differ considerably from the
ketocarboxylates and their hydrolysates in their stability,
sciubility, chemical and spectroscopic properties and have been
characteriéedlan the basis of anal&tical data, their {R, UV and

"H-NMR spectra and reachtivities,
Although these compounds have besen obtained by the reaction

of {RQSn)JJ and HL (HL = R'COQCOOH) in 1:2 ratio, they should be

formulated as RasnGH.HL an the basis of analytical data
(table-IV.3.}) and other evidences discussed below,
i} Titrimetric determination of acid to organctin ratio in the

addition proauct 5

These complexes aré highty susceptible to cleavage hy oH-
ions. The reaction between the triorganeotin derivatives and very
dilute alkali solution, such as 0.Ci{N) NabH, tegn-1} leading to
the organostannoxane and alkali metal galt ﬁf the acid is so fast
and complete that this reactioﬁ can be utilised in guantitative

estimation of the acid present in the complex.
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Table:-1IV.3

Analytical data and selubilities of the produycts

Si. Compounds. % Found / {Calcutated}. Solubilities.

no. Sn C H

i. PhSSnDH.PvH 25.88 56.5 4.5 Ace., Alc.
{25,885 {55.5) }&.4) Si.sol. in Bez..EtzD.

. CHCi_.

Z2. BuBSnOH.PvH 30.8 47.69 7.8 Bez.,Pet.eth.,CCl‘,CHle
{25.84) {45.69) (8.1} EtZD, Ace,.,Alc.

3. BzSSnOH.PvH 23.2 58.36 4.6 Etzo, Ace., Alc.
(23,791} (58.06) (5.24)

&, BuBSnDH.PPuH 25.3 55.8 7.5 Bez., CHClB, EtzG, Ace. ,
{25. 11 {£3.61) {7.661 Alc,

RasnDH.HL + MOH — RSSnGH + ML +HDOH —-=-=—---- i1}

Thus, & methanolic sclution of triphenyl/tributyl tin derivative
‘of PvH wag titrated against a standard NabH {(agq) solution of
O.01{N} order using phenalphth#lein indipator. Even a benzene
spluticon of the tributyl derivative could be titrated in the same
manner with wvigorocus shaking. Results of typical titrations are
presented in the table-i{V.&4. below. The equivalence point of these
titrgtians corresponds to 1:1 @mole ratio of organatin tn acid,
which agrees well with analytical data.

These results are further supported by the. reasonabie

identity of the absorption spectrum (fig-IV.1} of an agueous NaPw
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Fig.IV.1. Electronic spectrum of MaPv {(in water! from nagykralisation

of PvH {(——~--~- } and decompasition of Ph;SnﬁH.PvH {——}.



S5i. Addition Amount in Vol.& Strength Amt.of PvH Amt.of PvH (g}

no. product, | grams, of NalOH Soin. found (g} calcuiated for
: consumed. R SngH.FvH.
1. {Bu Sn}) O 21.0 cc
a .z .
+ PuvH - 0.086803 1.114525 N/1Q00 ©Q.02054 0.019387
2. lPthn)zo - 21.3 cc
+ PvH 0.,101113 1.111525 N/100O Q. 020824 0,.019589

sclution, obtained by shaking a benzene solution of a known amount
of PhaSnDH.PvH with calculated volume (calculated on the basis of
the aforesaid formulation) of O0.02(N) NaOH (aq) solution, with
that of another aqueous soliution of NaPy, haui;g the same
‘concentration, prepared by neutralising PvH with O0.02(N} NaDH
solution.

{ii} Solubility :

IThe formulation, wviz. R;SnDH.HL, arrived at on the basis of
analytical data and the above titrimeﬁric estimation of.organotin
te acid ratio, implies that the compounds should be highly polar
in nature, which is reflected in their solubilities. Of the four
compounds isoiated the. two tributyl compounds are soluble in both
- polar and nonpeolar solvents, Eut the 'tripheﬁyl and tribenzyl

derivatives of pyruvic acid (PvH} have very poor solubility in
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nonpotar solvents (table-IV.3.). But in all cases the solubitity
in-polar solvents is much higher indicating the presence.of highty
poiar structure in these compounds. |
{iii) Speciroscopic evidencs

Spectrogscopic data support the formulation of the addiftion
complexes as RgSnDH.HL and provides an insight into the structure
cf these compounds.

{a) iR spectra

The IR spectra of the ligands have begen discussed and

assignments for the varicus absorption bands made in sectiaon

I11.3.31.A. IR spectrat data for the addition complexes are
presented in tabie-IV.5., along with reltevant data for the free
acids. Some typical IR spectra are given in figures IV.2.-11i.7.

It can be seen from table-1V.5. that in free PvH there is a
very broad band in the region 3600-2500 cmﬁt and Iin FFvH a shafp
medium intensity band at 3460 cm—a in the addition complexes a
broad band, indicative of the presence of hydrogen bonded DH group
occurs in the region 3425-3400 cm *. In PthﬂOH.PvH there is a low
intensity band at 3620 cmwt which is characteristic of the -Sn—0OH
grouping. This band is slightly breadened in the complex compared
to the gsame band in F‘haSnOH.

As may be seen from the tablie, PvH shows two Ye.g stretohes

at 1728 and 1740 cm * respectively, of which the former may be
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51.Compounds.

Solid FPhase

{in Nujol/KBr}

Soin. Phase (in CCI4)

no.
' ¥ou Ye=g aa0co Ya0co Yc=0 You Yc=0 Yasoco Ysoco
' {wag}
1. PwH 3600- 1728 1740 1285 615 3420 1728 1790 1280
2800° 1160 1200
2. PvEt - 1745 1755 1370 618 - '
1300
3. PuNa - 1710 1625 1405 625 -
4. Ph_SnOH.PvH 3620 1612 1715 1428 635 3400° 1620 1710 1398
2400° . 1410
5. Bu SnOH.PvH 3425° 1620 1722 1415 625 " - 1620 1735 1398
1395
Bz_SnOH.PvH 3400 1610 1715 1408 632 -
7. PPH ' 3460 1688° 1688° 1248 695 -
1195
8. Bu_SnOH.PPvH 3425 1620 1725 1402 680 -

635
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assignéd to the ketonic C=0 aﬁd the latter to the C=0 group of the
carbokylate moiety from a comparison of the spectra!of the neat.
acid, 1its CCI4 soiution, its Et-ester and that of its Na-salt
{figures-1lll.1,%a,1b, and 1¢), In PPvH these bands merge into a
broad band around 1688 cm = because of intramolecular H-bonding.

In each of the addition complexes there is an Iintense sharp
bangd ;t 1722-15 cm_f region and several strong peaks near 18500
cm *. Thus the formation of the addition complex has resulted in a
small cﬂange in one of the two carbonyl stretch frequencies and a
considerably targe change in the other gompared to the free acid.
Of these two freguenciss the one undergoing 1a§ge negative shift

-shioulid be assigned to w» baecause the addition compliex can not

c=0,
be stable witheut the involvement of the ketonic C=0 group as
pointed ocut in section iV.1., and if involved, vc=6 would be
expected to- be considerably lowered. in @he event of
nonparticipation of the kefonic C=0 group the Yeog should remain
unaltered relative to the free acid, as has been found in the case
of the carboxylate derivatives of. benzoyl! formic acid (BFH}
f{section 111.3.1.A(ii1] and may even be shifted to higher
freguencies as observed for the carboxylato dierganctin hydroxidesl
discussed in section 11[.3.1.C. Such +ve 5Hif£ of vc:g, where the

C=0 group is nonparticipating, has also been reported by KumarDas

et.ai.5 for the triorganctin derivatives of some p-keto acids.
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The band at around 1720 cm * iz, therefore, assignad to
¥ 20CO and the v%DCD band in these compounds shows at arcound 1400

em ' in the solid state, In CHCia/CCl4 sciution all these peaks

remain almost unaltered.

Thus the (R spectra of these derivatives of PvH and PPvH
differ from those of the corresponding organotin ketocarboxylates

for which both v and v appear well below 1800 cm ' in the

C=0 =0C0
s0lid state and both are considerably raiséd in solution. It may
be mentioned here that in the derivativeé of BFH, although one of
the carbonyl freguencies remains unaltered compared to the free
acid, a comparison with its Na-salt reveals that it is the Ye_g
that remains unchanged and the ¥ <0CO gots sufficiently lowered.
Therefore, the derivatives of BFH are regarddd +{o be normat
carboxyiates and not addition products. This conclusion is also
supported by their stability, sclubility and chemical reactivity.

The addition compoundsz 5150 differ from the carboxylato
aiorgapotin hydroxides in | that, the Yoo fregquaency is
substantiaily towered 'in the former but considerably raised in the
latter compounds in comparison to the respective free acids.

The addition complexes alseo show a strong band around 630
cm_t, which may be assigned to out of planeg C=0 wag. This is also
indicative of the involvement of the keto group in coordinatianf

For BuBSnDH.PPvH the apparent lowering in this freguency is due to
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the fact that in the frée ‘acid the C=0 group is involved in
intramolecular H—bonding and the carbonyl wag appears at
considerably higher frequency {690 em by | compared to
noninteracting C=0 group.

Thus, on the basis_af IR spectra it can be said that both
the ketonic C=0 and the acidic hydrogen of the ligands interact
with the organostannoxane in forming the addition compiex. it is
also interesting to note thatlthe IR frequency, characteristic of
the 5n-0-8Sn linkage in thé étagnoxanes, occurring around 780 cm "
is absent iﬁ all these derivatiyes, thereby suggesting the
cleavage of this bond during the- formation of the addition
compléxes. Therefore, IR spectra also suggest that the addition
complex should be formulate& as RSSnOH.HL and not as (RgSn)zD.ZHL.
{b) Eleotroﬁic spectra @

The electronic spectral data of PvH and PPvH shown in
table-tIV.6. reveal that for both the acids very weak transition
bands (& 10-25) occur in the region 350-385 nm in CC!4 solution.
As pointed out in section 111.3.1.A{iii} these bands have been
identifisd as due to n;n* transition of the C=0 ¢group, from a
comparisen of the spectra in polar {(MeDH) and ononpolar {CCI4)
solvénts. |

It can be seen from the table~-I¥.6. that in the addition

complexes the n—n* bands have undergone considerable hypsochronic



-188-

Tables-iV.8.

»* - : ¥
Compounds. n-7 paesks (nm) E o n-7  peaaks {(nm)
in CCI4 Sotl. - in Maf0H Soi.

CH_COCOOH 370, 350, .9, 13 330
{PvH) ' ) 335 tsh)

Ph_SnOH., PvH 335 22,5 310
Bu_SnOH.PvH 345 ' 59.5 305
PhCH_COCOOH 385, 388, 16.5, 23 340
{PPVH ) 306, 293

Bu_SnOH . PPvH 360, 306, 293

sh~shoulder.

shift and appear in the region 335-345 am. This can be accounted
for only by assuming the involvemént af the C=0 graup'in binding,
which stabilises the n-orbitat. This suggests fhat the addition
complexas are formed through a nucleovphiiic attack by the carbonyl
oxygen on a tin qentre of the stannoxane. Thus, slectronic gpecira
also sﬁppart the inference drawn on the basis of IR spéctral data.

It should aiso be noted that the blue shift of the n-r" band
in an addition complex, though large, is ﬁot.as large as in fhe
corresponding keto carboxylate [éeciion F1T.3.4.A0L84)).
Therefore, it may be inferred that the Sn—0 {(carbonyl} bond in an

addition compound is weaker than the same bond in the keto
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carboxylate and may be cileaved during the transformation of the
former into more st;bie compounds.

In the addition compounds alsc, the shert wave length bands
originating from the ﬂ—ﬂ* transition of the ocarbonyl group and
n—n* traﬁsition of the acid get superiﬁposed among tﬁemseives as
well ag with the vibrational fine structures of <the Ph-ring and

are of little diagnostic vaiue.

Absorption spéctra in the UV region of the ligands and some
of their derivatives are given in figures I[V.8.-1V.11,
fc) PMR Spectra :

The PHMR spectra; recorded for the two addition complexes
FhESnDH.PvH and BL%SHOH.PVH,. provide further supporting sevidence
for the inferences already drawn.

in the “H NMR spactira of PthnDH.PvH [fig-IV.121 the COOH
proton appears at 46 7.132ppm as a sharp singlet. Although in the
uncomplexed acid this proton appears at & B.64ppm, the IR spectira
_af the acid and its mthy! ester clearly show that the acid exists
as a hydrogen bended dimer and the proton signal is expected to
appear at tow field._ These data suggest that in the addifion
complex the acidic proton is relatively weakliy hydrogen bonded to
the Sn—0 oxygen.

In the case of the tributyl tin adduct of pyruvic acid a

sharp peak at & = 2.43ppm (1iH) is5 observed which can. be assigned
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to the COOH proton, 1t is well known 4that, the electronegativity
of the oxygen in tributyltin oxide i3 lower than that of
triphenyitin oxide. The former 1is, therefore, expected to form
weaker hydrogen bonding than the latter, in its adduct and the
appearance of the COOH proton at high field agrees well with this.

It can bes seen from table~-IV.7. that tripheﬁyltin hydroxide
in CDCiSIDHSD—dd shows a NMR absorption at é 3.6ppm
corresponding to one proton. On deuterium exchange, this peak
vanishes, confirming the peak to be due to_DH‘protcn. The adduct
PhssnDH.PvH shows a peak due to singi=s proton at & 1.582ppm.
Atthough this peak is at considerably higher field compared to
that of PhasnDH. this ocould reasonably bs assigned to the Sn—0H
in the adduct. The reasaon for such_upward shift may be attributed
to the following factors,

Due to the. low solubility of PhBSnDH in 'CDCl3 the NMR
spectra was taken in'CDClstHSD-dd mixture., Without daubt, there
wouid be interaction between DMSO and PhBSnUH. DMSG ocan coordinate
to Sn-atom and aiso it is‘almostlcertain te form H-bond with the
Sn—OH proton. [t is well known that H-bond formation shifts the
signal corsiderably downfieid. The adduét, on thé other hang, is
not expected to form any such H—Eond. firstly because, the sclvent
was CDC!a and secondly, the proposed structure Iprecludes the

possibility of H-bond without a structural change. Therefore, the
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peak at & 1.583Zppm, worresponding to a singie proton, is
reagsponably assigned to Sn—0OH. This is alsc gconsistent witﬁ the
evidences obtained through IR and UV spectra as well as chamical
reactivities of the adducts, presented sarlier.

Although the position of the S5n—0O0H proton in the ftributyl
tin adduct of PvH cannot be precisely ascertained, the relative
intensity of the peaks in the methylene region (5 t.3—
1.566ppm, 18H! shows the presence of an extra proton. This may be
afttributed to the Sn—>3H by comparison with the posiﬁion of the
zame proton in the triphenyi tin complex.

The CH3 proten of the ligand part Iin the tributy!l and
tripheny! complexes appear at & 1,03 apnd 2,34ppm respoactively.
Altthough the chemical shifts of the CHa(ligand) protons in thase
complexes are large, they are significantly different from those
of the corresponding keto carboxylates {4 1.,142-1,355ppm for the
tributyl and & 2Z.13ppm for the triphenyl tin pyruvatse’. This is
presumably, due to the larger polarity of the Sn—0 bond in ths
carboxytates than in the gddition complexes. in both fthe cases
the ability of the adjacent C=0 group to deshiald the CH3 protons
is lowered due to the involvement of +the carbony! group in

coordination and cannolt drastically influence the peak positions,



Table :-IV.7,

[ e R o o
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Compounds., Fegak position (& ppm} and assigameants.

Ph_SnOH.Puk 1.582, (s), 1H, Sn-OH; 2.34, (s}, BH, CH_(PvH)
7.132, (s}, 1iH, cobﬂg 7.34-7.37, {m}, and
7.6-7.685, {m}, 15H,-aromatic.

Bu_SnOH.PvH 0.367, (t), SH, CH (Bu); 1.03, (s}, BH, CH_(Pv)
1.3-1.88, {m), (1B+1)H, CH_(Bul and Sn-OH
2.43, (s), iH, COOH.

PvH‘ 2,86, (s), 3H, CH_; B 84, (s), 1H, COOH

PhsSnDH 3.8, {s3¥, tH, Bn-DH; 7.2-7.85, 1i5BH, aromatigc.

a-~concentratien dependsnt.

{iv) Reaction of PhBSnOH with CHECDCODH (PvH)

In view of the aforesaid formulation of the addition compiex
one wokid expect that the cnmpounds_shouid be produced from the
reaction of R'CUCQDH (HL}Y with RQSnUH as well as witﬁ‘iﬁaSn)zO. We
have observed sexactly ths same by' allowing CHSCDCDOH {PvHI o

react with FhSSnDH.
When PhsSnDH and pyruvic acid in 1:1 ratio were stirred in
celd ether for about 30 minutes, the product was found to be

identical with the product obtained from IthSn)zG and FvH, on the
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basis of mixed melting point, elemental analysis and IR data. The
formation of the samé compound through the two routes and absence
of any 5Sn-0-5n band in the IR spectrum of the ;aid compound
suggest that it should be formulated as PhaSnUH.FvH. This is ailsgo
supported by thse presénce of Sn~0H band at 3820 em b in the IR
spectrum of thils compound.

‘This reaction, therefore, corroborates the IR spectral
avidence iha£ the Sn-0-5Sn bond of ihe stannoxane must have been
broken during the eilectrophilic attack on it by the carboxylic

acid as shown below, without regard to the role pla&ed by the keto

group.
=0’H|

n i

A — g —_ O/H y
0 _— 7 : ‘ .
i H 4+ HO—5n
C 5 0 H

o/ N C

R™ o~ Y

: S

The water necessary for such a cleavage becomes readily availabtle
‘because pyruvic acid invariably remains associated with some water
anpd the reactions could not be carried out under anaerobic

conditions.’
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Althnugh. the Hature and stability of the product is not
determined solely by the aforesald electrophilic attack, as has
already beoen pointed out in section 1V.1, the =sbove reactian
clearly shows the role plavyed by the acidic H~atom in initiating
the process. The importance of the presence of the acidic H-atom
and its involvemenit in the reacticon is also brought out by the
fol}owing.obéervatian.

{uv) Treatment of CHgCDCDDEt with PhSSnDH /(PhBSn)zD

A well known method for the preparation of organotin
carboxylates fnvolves the reaction of either the organotin
hvdroxide or oxide with the esters of carbﬁxyiic acidsd?
accgording to_the following equations

RHSnGH + R'COBEY —mMmM8m > RgSnGCDR‘ + EtDH ——————— £21

IRgSn}zD + H'CO8Et —m—> RgSnDGGR‘ + RasnDEt ————— 33
Accordingly, ethyl pyruvate was ailowed to react wi£h arganotin
hydroxides or oxides either by stirring or by refluxing in
benzena/solvaent ether. But neither the carbcxylaté nor the
addition preduct was obtained in any case. The not so wetl-defined
products obtained in scome casés gave the organotin oxides back con
recrystaliisatipn from benzene.

The failure of these reactions suggest that the OH group of
the carbox¥lic function must be involved in the formation of the

addition complex.
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In the.light of the spactroscopic and other svidences cited
se far, ane must be inciined to infer that these derivatives of
FvH and FFvyH are a wnique ciass of addition compounds of the
organostannocxanes and keto acids and the only probable stéﬁcture

that can explain all the observations is shown in [iIl.B.

R

-
f\\:-~‘-h
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Howsver, such a structure is not expected to be highly

stable, because of unfavourable ring size and high affinity of tin
for oxygen. This 1is reflected in the fact ihat the addition
complexes are particularly unstable towards heat and when refluxed
in benzeng or solvent ether undergo graduail transformation giving
saveral products, accompanied by Sn—C bond clmavage.
{vi) Transformation of the addition product when refluxed :

The transformation reactions for the mpst.-typical of the

addition preoducts, the triphenyl tin derivative of PvH, has been



~-206-

investigated in gsome detail and the cleavage products have been
identified, For the other addition products the separation and
characterlsation of the cleavage products could not be achieved.

Thus, when the triphenyl tin derivative of PvH was refluxed
in dry ether for about an hour, a white solid, which could be
formutated as FhZSn{Pv)DH on the basis of elemental analysis and
iR spectrum, separated. When the solvent was carefully distilied
off, the distillate was Ffound to contain .benzene,- which was
identified spectrophotometricaliy., When hesating under reflﬁx was
continued for long periods, the ssparated light veiliow solid could
be formuiated as EPhSanv)DJ“. The same sequence of reactions was
also observed when {Ph;Sn)ZD and PvH, in 1:2 mole ratio, wers
refluxed in benzene of solvent ether under the same conditions.
Minute quantities of another product, viz,, FhaSan was also
obtained, when after ryefluxing for about half an hour the
supernatant liguid was evaporated at room temperature and
extracted with petroleum ether. When prolonged heating was done in
benzene smail amount of PhJSn was obtained in addition to the
other products, but FhaSan couid not be obtained. |

From these observations it may ©be inferred that the
principal wmode of interaction between {PhQSnlzﬂ and FPvH always
leads to the formation of the addition product, whicﬁ transforms

inte the other compounds through cleavage reaction, under more
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drastic condition. The direct reaction between the stannoxane and
PvH leading tO'FhBS‘nPV seems to be less favoured.

The structure 11i.B, proposed for the addition product,
accpounts for its high.susceptibiiity to cleavage and suggest that
it would bhehave as a precursor to more stable compounds such as
thSniFuJDH or the keto carboxylate, The formalion of thSn(Pv)OH,
which is the principal mode of transformation of the addition
product, requires the cleavage of the Sn—Fh bond, largely known
to be induced by 1::|rotic:"3—"1 and ~::he.|iam:,ingtz agents. The loossly
bound keto acid molecule in the addition complex ig most likeily to
provide an ideal protic agent, which causes phenyl-tin cleavage,
that accounts for the production of benzene when PhQSnDH.PUH Iis
rafiuxed. '

The fbrmation of Ph‘Sr; from prolonged heating under reflux
in benzeneg, of the addition complex, may be attributed to thermal
disproportionation of FhBSan, formed in the course of the
_reaction. Considering the very low yvield of this preduct it can be
conciuded that only a small fraction of the addition complex pass
through these changes. This would ailso explain the non
avaitability of PthnPQ when heating is continued for long.
Although thermal disproportionation of triorgano tin carboxylates
are kﬁown to occur at their melting pointsﬂ and when refluxed in

pyridine {Bp. 1150031‘, a definite comment on the thermatl
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disproportionation of PhaSan would reguire more detailed
investigation.

Considering all the above facts the formation and the
subseguent transformations of the typical addition complex

PthnDH.PuH may be represented by the following scheme.

Ph SnOH (Ph Sn) O
] ] z
+ PwvH T + 2 PvH
i +HOHR
Fh_SnOH.PvH “HOH >  Ph_SnPw
9 :
Ph-Sn ' Thermal
claavagya by l diapropaortionation
carbowylie
acid <Pvi’ PhZSn{Pv?2 + Ph45n
-Fhi L+ HOK
Fh_Sn(Pyv)OK -l % [Fh_Sni{Fv}1 0 + FyH

i Haal

EFhSn{Pv )D]“ + FhH

IV3Z. Lonc tuston

On the basis of the foregoing discussiong it can be
concluded that éome a-kato carboxylic acids react with triorgano
tin oxides and hydroxides forming a unigue claés. of addition
compiexes, which may bs represented by structure 111,B, and that
their formatien is governed predominantly, among various factors,

by the basicity of the ketonic oxygen atom, which is profoundliy
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influenced by the electronic and steric factors originating at the
R' group.

Since these complexes are inherently unstable and are
transformed into more stable products when heated, probabiy in
several different ways, understanding their structures may help in
deosigning new carboxyiate ligands, which can possibily be helpful
in the isolation of intermediate complexes, ﬁeiieued tc be the
first step in the reaction betwesn the stannoxanes and carboxylic

acids.
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