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CrRGANOTIN DERIVATIVES OF & -KETO CARBOXYLIC ACIDS.



ORGANCTIN DERIVATIVES OF & —kKeETO CARBOXYUIC ACIDS -

{Preparation, Properties and Spectroscopic Studies).

T11.1. Introcuction

A survey of titerature shows that although tremendous
amount of work has already been done on the synthesis and
structure of organotin carboxylates with almost all conceivable
type of substituents on both the tin atom and the carboxyl moiety,
the organotin esters of a-keto acids {{]1 are yet to be adequately
investigated. Only a few rapo}ts on the praparationi and spectral
studiesz'on the tripheny! and ftributyltin esters of pyruvic acid
havae appeared so far. Organotin derivativas aé a-kato cgarboxyiic
acids would be of interest in two respect-s :

(i) Organctin carboxylates, unlike organctin halides, are somewhat
rejuctant to form addition compiexes with Lewis bases, although a
number of their addusts with .N,' 0 and S5 containing ligands have,

o

recentty, Dbesn r9ported&1 . Apart from the hydrate adducts of di

. . G-1i8 . .
and tri organotin carbox_vlates1 * and the anionic acetate adduct

of MezSn(DAc);g, the organotin carboxylate moisty, in majority of
these complexes reported s0 far, is a darivative of a
trihalocarboxylic . acid such a-s CFSCUQH or CCISCDUHd'?"'aAg#m.
Most obviousiy, the eiectronegativity'cf the RCOO moiety in these

carboxytates profoundly influences the Lewis acidity of the fin

atom®™, thereby making it susceptible to nuslecphilic attack. The
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a-ketn acidsg, possessing a suitably placed keto groﬁp and high
acid strength {(electronegativity}! appear to be suitable for the
reaiisati;n of organotin carboxylates of the type 11, in which the
carboxylato group is part of a chetlated ring structure, formed as
a result of intra moiecular nucleophilic attack. [t is therefore,
of great interest to know wﬁather, suéh coordination would occur

in organotin derivatives of a-keto carboxylic acids, or not.
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It should be pointed out here, that the formation.of such a
chelate ring does not necessarily exclude the possibility of
intermolecular cﬁnrdination in these organotin ﬁeriﬁatives of the
a-kete acids. The enhanca& Lewis acidity of the tin atom due to
high slectronegativity of the R'COC0O0 moiety makes it aqually
susceptible to intra molecular as well as intermociscular
nucleophilic attaeck., Thus, favourable electronice and steric
factors .are' likely to introduce intermolecular coordination
leading to esither of the following structures 11l or IV, without
regard to the role of the keto group in the complex.

{ii) Pyruvic acid, the first member of the a-keto acid series, is

vary imporiant biologically since it is an intermediate product
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in the  metabolism of carbohydrates and proteins. Recently,

Pt-complexes of pyruuic'acid have been found tt poussess remarkable
anti-tumour activity2f{4. Therefore, synthesis and study of the
tin complexes of pyruvic acid and its homologues are important
from the biclogicai poinf of view as well.

Moreover, it is also interesting to know the various factors
which influence the course of tﬁa reaction between the keto acids
and organosfanﬁoxanes.

These considerations ied us to investigate the organotin

derivatives of a-keto carboxylic acids. The keto acids used in the

present investigation have been named and abbreviated as shown

below.
Si.no. Structure Name Abbreviation
o 0 )
1. CHg——EA—g——OH IPyruvic acid o PvH
{2-Oxo-Propanoic acid)
0 0 '
2. PhCH2—~g——g——DH Phenyl Pyruvic acid PPvH
{2-DOx0-3-Phenyl! Propancic acid)
0 0
3. Ph——g——%——DH ' Benzoyl Formic acid BFH

{2-0xo-2-Phenyl Acetic acid}
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111.2. E:gperimental
The erganctin compounds used were purchased from Fluka
(Switzeriliand!) and Aldrich (USA} and wegre used without further
purification saxceapt PhaSnCI, which was purified by repeatsad
recrystaliisation from petroleum eather (Bp. 80—8000? until the
product attained {he mp. 10800. PhSSNZI was also prapared from
Ph4Sn by standard mathod25 and purified in the same manner.
{FhCHz?SSnCl was prepared by the method described by Sisido
Et.at.ZG and racrystallised from ethyl acetats,
All solvents were purifised by standard méth0d527 as and whean
necessary. Unless otherwise stated, petfoleum ether used refars to

the fraction boiling at 60-80%c. &1l melting points wore observed

by open capittary method and are uncorrected.

III2.A. Preparation 0f The Ligands
(i) Pyruvic acid {(PuH! :

Pyruvic acid was prepared accprding to the method
described by Gilman and Biattzau. and purified by fractionai
distiltation. The fraction boiling at 75-80YC/25 mm was collected.
(ii) Phen&i Pyruvig acid lﬁPvH) : |

Pheny! pyruviec acid was prepared accordjng to the method
described by Gilman and Blattaw. and drisd in a vacuum desiccator

agver CaCl_ and KOH. Mp. 158f15800.
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(iii} Benzoyl Formic acid (BFH!

Benzoy!l- formic acid was purchased from Fluka {Switzerland}
and used without further purification. Mp. 62-64°C.

HHize Preparation of the Organotin Derivatives

1. | Reaction of NaPv with PhBSnCl

0.77 g (0.002 molel} of PhBSnCE was stirred with large
excess qf MaPv {0.5 g,0.005 mole) in dry e£her containing some
methancl at room temperature for B8 hours. The solvent was
completely rvemeved at room temperature.’ under vaouum and the
resul tant mass éxtracted with hot pet.sther. The'pet.ather axtract
was allowed to stand and the first fraction of product was

repeatedly recrystalliiged from pet.ether.

Yield :0.085 g {ca.10% }. Mp. 114-89C.

Analysis %Sn %C %H
Found : 26.1 58.8 4.6
Caiculated for PhaQan g 27.06 57.7 4.13

2. Reaction of PvH with (PhBSn)zD H

(i) 1.79 g (0.0025 mole) of (PhsSn)zﬂ was diésolved in 40 ml dry

1

dry ether, 0.44 g (0.005 mole) of PvH was added and fefluxed using
Dean and Stark water separator for about 1 hour and filtered. The

filtrate was evaporated to dryness at room temperatures and the
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resulting mass extracted with pet.ether. The pet.ether extract on

evaporation and recrystailisation from the same solvent -gave 0.065

g {3%) white solid melting at 114-8°C.

Analtysis 1 %Sn *%C %H
Found : ’ 25.8 59ﬂ1 4.8
Catculated for Pthan : 27.086 87.7 4.13

The residue obtained after reflux and after extraction with
pet.ether were repeatedly washed with benzene and ether and dried.
Both were found to be identical on the basis of IR and analytical

data. The combined mass of the residue was 1,75 g (B0%) and it did

not meit.

Anaiysis : % Sn % C % H
Found : 30.1 48.1 3.8
Calculated for thSn(Pv!BH t 31.38 47.87 3,72

(ii} The same amount of (PhaSn)zﬂ and PvH as above were taken in

benzene-free solvent ether and refluxed under the same condition
and the solvent ether was carefully distilled out completaly. The
uv spéctrum of the -distillata was recorded in the 280-230 nm
region using a Shimadzu UV240 spectrophotometre. The UV spectrum
showed the presence of benzene in the distiliate indicaﬁing that
one of the reaction products is benzene.

{iii} The same amount of {PhsSn}zG and Pvﬁ as above were taken in
40 m! dry benzene and refluxed wusing water separator for 12

hours. Filtered and the residue washed with ether. On
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reorystalligation from methanol .8 £ of vellow solld,

which decomposed above 28009 wilthout melting, was gbtained.

Analygis : % Sn % C % H
Found : 38.5 34,8 2.8
Calculated for [PhSn{Pv)DJn : 39.6 _ 36.2 2.7

The filtrate wag evaporated to dryness and extracted with
hot benzene-pet.ether mikture (80:201. The solution was
concentrated and allowed to crystallise, On repeated
recrystallisation from the same sotvent 0.18 ¢ of crystaliine
solid, melting at 22?-800,'w9r9 obtained, This waz found to be
Ph‘Sh from anaiytical data and mixed melting point determination

with an authentic sample‘of Ph4Sn.

The residue after extraction with benzene-pet.ether mixture
was washed with ether and dried. The yellow solid weighed 0.5 g

and did not melt.

Analysis : % Sn ¥ C % H
Found : . 30.9 49,3 3.4
Calculated for thsn(PuiDH : 31.38 47 .87 3.72

3. Reaction of NaPv with BuaSnCl ¢

0.32 g (0.001 moie) of BusSwCl wag added to s suspension
of excess NaPv (0.2 g, ~ 0.002 mole) in 20 ml ether and stirred
for 8 hours using magnetic stirrer. The solvent was'£hen removed

at room temperature and the residue was extracted with pet.ether.
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The pet.ether seolution was evaporated and the resultiing massg

recrystallised from the same solvent,

Yield : 0.04 g (ca. 11%). Mp. 80-82°¢C.

Analysis 3 % Sn % C % H
Found ' 31.02 48.0 8.5
Calculated for BUBSNPV g 31,38 47.9 7.98

4, Reaction of PvH with (BuESnizO :

1.48 g of {BUQSn)zO (0.0025 mole!}! was dissoiued in 40 ml dry
benzene and refluxed with 0.46 g ( >0.005 mole}) of PwvH for 18
hours using water separator. The yeliow solution was filtered and
shaken vigorously with NaHCDB. Fittered and the filtrate was
evaporated to very small volume {3-4 ml}), diluted with 5 mi
pet.ether and stored at 8°C. A viscous dark yaeliow liguid settled
at the bottom. The clear supernatant liquid was decanted and
further diluted with little pet.ether and kept at s°C. The same
process was repeated till no more viscous ligquid separated. The
supernatant ligquid on evéporation at room temperature gave
yellowish erystals wﬁich were recrystallised from pet.ether and
dried under vacuum over CaCIz.

Yield ¢ 0.38 g ( ca. 20%). Mp, 80-82°C. : :

Analysis % Sn % C % H
Found * : 3t.1 48.8 8.4

Calculated for BugSan : 31.38 47.8 7.9086
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5.(i) Reaction of NaPv with (PhCHz)aSnCl H

0.426 g (0.00% mole) of lPhCH2)BSnCl wag stirred with excegs
NaPv (0.27 é, ~ 0.003 mole} }n dry ether containing some methanol
at room temperature for 6 hours. The solvent was completely
‘removed at room temperature and the residue waxtracted with cold
ether and allowed to stand. The first crop of preoduct was rejected

and the second crop recrystallised from ether.

Yield :0.04 g (ca. B%}, Mp. 104-10800.

Analysis ¥ Sn % C % H
Found : _ - 61.3 4.8
Calcdlatsd for (PhCHzigSan H 24,88 60,25 5,02

{ii) Reaction of PvH with I(PhCHz)BSn]zO :

1.0 g (0.00125 mecle}! oxide was dissolved in 40 ml dry
benzene and refluxed with 0.22 g (£0.0025 mole} PvH for 10 hours.
The light yellow solid deposited was fiittered out, washed with

ether and recrystallised from methancl. The product weighed 0.55 ¢

and did not mett.

Analysis : % Sn % C % H
Found : 36.26 38.%2 3.5
Calculated for [BzSn(Pv)UJn L 37.82 38. 46 3.2

6. Reaction of PvH with DctzSnD ]

(i? 0.45 g (0.001i25 mole) of Octzsno was suspended in about 15

mi dry benzene, warmed and 0.22 g (0.0025 mole! of PvH added



~-113-

drop wise with shaking. The oxide went into sotution. Allowed to
stand for 1f2 minutes and the solution was carefully decan£ed
leaving behind unreacted substances. Precipitation was completed
by addition of pet.ether and allbwed to settie. The supernatant
liguid decanted off and tﬁe residue washed with benzene, It Qas
then diss;iued in ether and reprecipitated with pet,ether.The
light yellow precipitate was filtered and washed with
ether~pet.ether mixture. 1t was dried first in air and then in
vacuum over CaClz. |

Yield : O.47 g {ca. 80%). Did not meit (decomposed above 150°C).

Analysis ; - % Sn % C % H
Found @ ' 25,2 51.6 7.5
Caicuiated for DctzSn{Pv}DH : 26.34 50.889 8.48

{ii) ©0.45 g of DctzsnD and 0.22 g of PvH were taken in &D.ml dry
benzene and refluxed for 10 hours using water geparator. The
yvyeliow solution was filtered and the filtrate shaken vigourcusly
with NaHCDS. Filtered and the filtrate evaporated ¢to a gmaitl
volume, diluted with equal volume cflpet.etherland stored at 5°C.
The first fraction of precipitate (a small amount of yellow sgolid)
was discarded and the clear soluticn on cooling for several days
gave a wﬁi£€ product, It was recrystallised from benzepe—pet.ether

mixture.

Yietd : 0.25 g (ca. 40%). Mp. t12-1147C.
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Analysis : . % Sn % ¢ % H
Found : 23.72 51.7 8.02
Calculated for Dctisn(Pvlz : 22.78 50.898 7.72

7. Reaction of PvH with BQZSnD :

(i) 0.62 g (0.0025 matiel) of BqunO was suspended in 15 ml

benzenes-ather mixtursa (B80:20), warmed and shaken with (.44 ¢

{(0.005% molie) of PvH added drop wise. Shaking continued for 2-3
minﬁtes, when the oxide wént into sclution. Allowed to stand for
1-2 minutes and the sgolution carefully decanted leaving behind
traces of wunreacted subsftances. Pet,.ether was then added to the
soiﬁtion and the precipitate formed allowed to settle. The
supernatant liquid was decanfed off and the residue washed
repeatedly with ether. The yellowish white residue was dried first

in air and then under vacuum over CaCiz.

Yield : ©.82 g (ca. B4¥%}. Decomposed above 23400.

Analysis 3 % 5n % C % H
Found ¢ 34.64 . 40.45 6.1
Calculated for BuZSniPu)UH : 35,1 35.3 6.54

{ii} 0.82 g of BqunO and 0.44 ¢ of PvH were taken in 4D_m1 dry
benzene and refluxed for 20 hours using water separator. The
vellow solution was f!ltéred and shaken vigourocusiy with NaHCO, .
Filtered and the filtrate evaporated to a smatll ﬁolume and diluted
with equal wvolume af pet.ethar.and étored at SQC, whaﬁ a viscous

dark yelliow liguid sattled at the bottom. The ciear upper layer
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was decanted and again kept at 59C. The same process was repeated
ti!l no more viscous liquid geparated, The supsrnatant liquid on
dilution with meore pet.ether and cooling gave & white product.

This was recrystailised from benzene-pet.ether mixture,

Yield : 0.22 g {ca: 23%). #p. 157°C

Analysis % Sn % C
Found : . 30.82 42,1
Calculated for Bqun(Pu)z : 29.086 41.4 5.8
8. Reaction of FPvH with HezSnD 1

(i) 0.41 g (0.0025 mole) of MezSnD was suspended in 15 ml hot
benzene-ether mixture (80:20) and reacted with 0.44 g (0.005 motle)
of PuH, following the same procedure used for the reaction 7(i}

above.The product was collected and dried in the same manner.

Yield : 0.63 g (ca. B0% ).  Did not melt.

Analysis : ' % Sn % C % H
Found ¢ 46. 16 23.3 4.4
Calculated for ne£Sn(PuroH : 46.82 23.81 3.97

{ii) 0.41t g of HezSnD and 0.44 g of PvH were refluxed in 40 ml
dry benzene for (68 hours usihg water sebanator. The benzene
solution was filtered and shaken vigourously with NaHCDB.
Filtered, the Ffiltrate concentrated and alliowed to stand
overnight. The yellowish white solid deposited was.fiitered and

washed with benzene and ether, then dried.
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Yield : 0.15 g (ca. 18%). Did not melt.

Analysisg : % Sn % C % H
Found : 34.9 29,28 3.8
- Calculated for MezSn(Pvlz : 36,64 295.8 3.7
9. Reaction vof PvH with thSnO H

(il 0.72 g {0.0025 mole) of thSnO was reacted with 0.44 g of
PvH following the same procedure as for the reaction 7(i) above

and 0.8 g (ca. 78%) of a yellowish white product, which did not

melt, was obtained.

Analysis % Sn % C % H
Found : 30. 47 49.85 3.9
Calculated for thSn{Pv)DH : 31.38 47.87 3.72

(i1 0.72 ¢ PhESnD and 0.44 g PyH were refiuxed in 40 ml dry
benzene for B8 hours using water separator. The yellow solid
depositéd was filtered, washed with ether and recrystallised from

methanol and dried. 0,62 g of yellow solid which decomposed above

28000 were obtained.

Analysis : % Sn % C % H
Found : ) _ 38.1 35.7 2.9
Calcutated for [PhSn(Ple]“ : 38.86 36.2 2.7

10, Reaction of NaPPv with PhsSnCl

0.38 g { ~ 0.001 mole} of PthnCl and 0.28 g (» 0.00%1 mole}

of NaPPv were taken in dry ether containing small amount of
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methancol and stirred a£ room temperature for 6 hours. Evaporated
to dryness at r;t. and extracted with cold ether and allowed to
stand overnight at 5%. First crop of products rejected and the
gsecond crop was recrystallised from ether,

Yield : 0.35 g (68%). Mp. :39-140°C.

Analysis % Sn % C % H
Found : 22.9 63.8 3.7
Caiculated for PhSSnPPv : 23.0 §3.15 4,28

i1. Reaction of PP?H with iPhsSn)ZO

(i} 0.35 g ( ~ 0.0605 mole) of (FhBSnizD was dissolved in 5 ml
dry benzernie{or ether) and shaken with 0.18 g (0.001 mole)} DEIPPvH
for 2-3 minutes. The faint yellow solution obtained wags dituted
with 2-3 ml pet.ethsr and aliowed to stand at 5°C. The first arop
of produét wasgs rejected and the second crop waéhed with cold ether
and dried, first in air and then under vacuum over CaCi,

Yield :0.375 g (70%). Mp. 1389-140°C.

Anatysig : % Sn % C % H
Found : _ 22,9 63.789 3.85
Calculated for PhSSnPPv : ’ 23.0 §3. 15 4,28

(ii 1.4 g  ~ 0.002 mole} of lPhSSn}ZB was dissolved in 20 mi
dry benzene and 0,85 g ( ~ 0.004 mole) PPvH added. the light
yellow solution was then refluxed using water separator for 12

hours. The yellow solid separated was filtered and washed with
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ether. The golid weighed 0,88 g on drying and did not melt,

Analysis : % Sn % C % H
" Found : 32.6 47.3 3.7
Calculated for [PhSn{PPv)D]n i1 31.55 48,12 3.2

The fiitrate was evaporated at room temperature, washed with
cold ether and e#tracted with hot benzene-pet.ether mixture
{80:20}. The soclution was concentrated and allowed to crystaliise.
On repsated recrystallisation from benzene-pet.ether mixture 0,17
g of crystalline solid melting at z27-87¢C ware ogbtained. This was
found to be Ph4Sn from analytical data and mixed melting point
determination.

Thé réaidue after extraction with benzene-pet.ether mixture

weighed 0.43 g on drying and did not melt,.

Analysis % Sn % C % H
Found @ ' 27.58 57.4 3.7.
Caiculated for thSn{PPUJOH : 26.1 55.75 3.98

When the reaction 11.{ii) was carried out in soclvent ether
and the solvent was carefully distiiled out, benzene could be
speciroscopically detegcted in the distiltate, indicating that

benzene was one of the products of the reaction.

iz, Reaction of NaPPv with BUBSnCI
0.32 g (0,001 mole) of BuSSnCi and 0.27 g {( »20.001 Mole).nf
NaPFv were taken in dry 'ethe; containing little methanol and

stirred at room temperature for 8 hours.Filtered, evaporated at



-119-

r.t. and extracted with cold pet.ether. The pet.ether extract on
evaporation gave a colorless liquid product weighing 0.44 ¢

{98%) containing no halogen.

Anatysis @ % Sn % C % H
Found : 26.84 56.65 5.8
Caiculated for BuESnPPv : 26.1 S5.75 7.52

13. Reaction aof PPVvH with (Buasn)zo :

.6 g (7 0.001 mole! of lBuBSn)zD and o.4 g ( >0.002 moclsa}
of PFPvH were taken in 20 mi dry benzene and refluxed for 10 hours
using Dean and Stark water separator. The yellow solution obtained
was shaken with Né.HCUs and fiitered. fhe filtrate Was
concentrated, diluted with pet,ethaer and kept at 59%¢ overnight,
Pasty yellow mass gsettied down and the clear upper layer decanted.
The decant was allowed to evaporate at room tempe;ature to a
gsemisolid mass and then extractedl with cold pet.ether. The
pet.ether extract on evaporation gave a coloriess viscous figuid

weighing 0.49 g (55%).

Analysis @ % Sn *® C % H
Found : ' 26.85 56.6 5.7
Calculated for BuaSnPPv H 26.1 BE.75 7.52

14. Heaction of NaPPv with (PhCHleSnCl :

.42 g { ~ 0.00% mole} of (PhCHz)gSnCl and 0.27 g { >0.001



mole}? of NaPPv were taken in dry ether containing little methanol
and stirred at rcom temperature for 7 hours and filtered. The
filtrate was evaporated to dryness at r.t. and extracted with cold
ether. The ather solution was stored at SOC. The first crop of
products was rejected and the second crop, recrystalitised from

ethar, weighed 0.24 g (44%) on drying and melts at 13400.

Analysis : % Sn % C % H
Found : ' 21.86 64.25 5.6
Catculated for BzgSnPPv : 21.3 64,98 5.05

15. Reaction of PPvH with [(PhCHziBSnJZD

0.4 g {0.0005 mote) of the nxide was dissocived i1n 10 ml
benzene*éthef_ mixture (50:50) and 0.:17 g ( 7 0.001._mole) acid
added. Warmed and shakean for 2-3 minutes. The clear solution
obtained was diluted with pet,gther and kapt Dvarhight at SOC. The

solid deposited was reocrystaliised from cold efher and dried.

Yisld : 0.42 g (78%). Mp. 13406.

Analysis % Sn % C % H
Found 22.1 64.56 5.4
Calculated for BzSSnPPv 21.3 64.98 5.05

16, Reaction of PPvH with BqunD

fi} 0.26 g (0.001 mole) of BqunG and 0.33 g {(0.002 mole) of

PPvH were shaken in 10 m! warm benzens-ether mixture {(50:50) for

10 minutes and filtered. The filtrate was diluted with pet.ether



and allowed to stand at 5°C. The solid deposited was

recrystallised from benzens-pet.ether mixture and the product

obtained was washed with cold ether and dried.

’ a

Yield : 0.4 g (ca. 72%). Decomposed abave 170 C.

Analysis : % Sn % % H
Found : 22.48 54.8 5.8
Caleculated for Bqun{PPv?z : 21.15 55.91 5.73

{ii) 0.25 ¢ BuzsnO and ©0.33 g PPvH were refluxed in 20 mi

benzense-ether mixture (50:507 for B hours. The residue was

filtered and recrystalliised from acetone and dried under vacuum.

Yield : 0.14 g (ca. 25%). Mp. 1819C.

Anatysis : % Sn % C %
Found - 30. 15 48.8 5.4
Calculated for BuZSn{PFv}DH_: 28.64 49.51 6.3

The filtrate wags shaken with NaHCDS’ filtered, concentrated
and diluted with pet.ether and aiiowed to stand at 57C. The first
crop of products was rejected and the second crop rogcrystallised
from benzene—pet.ether'mixture.

Yield 1 0.3B8 g.(ca, B8B%). Decomposaed abovse 170%.

Analytical data idantica} with that of Bqun{PPvlz.

17. Reaction of PPvH with DctzSnD H
(i} 0.18 g (0.0005 mole} of Gctzan was suspended in 10 ml hot
ether and shaken with 0,18 g (0.001 mole} of PPvH for 5 winutes.

The solution was filtered, diluted with 5 ml pet.ether and stored
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at s%C. The white product obtained was recrystallised from
ether—pef.ather mixture and dried under vacuum over CaClz.

Yield : 0.2 g {ca. 60%). Mp. 74-6°C.

Analysis 1 % Sn % C % H
Found : 18. 65 59,02 G.B8S
Calculated for BctzSn{PPvlz s 17.61 60.89 7.13

{ii} 0,36 g (0.001 mole) of DctzSnG and 0.35 g (>0.002 mole) of
PPvH wéra taken in 20 mi benzene-sther mixturs (50:50}) and
refluiked for B hours. Filtered and the residue recrystallised from

acetona, The solid on drying weighed 0.37 g (ca. 55%), Mp. 12400‘

Anaiysis % Sn % C % H
Found : 23.76 . B8.74 7.5
Calcultated for DctzSn{PPv?DH H 22,82 57.25 8.01

The flltrate was shaken with NaHCUs, concentr.ted, diluted
with pest.ethsr and kept at 5°C. The first crop was discarded and
the second crop was recrystallised from ether-pet.ether mixture,
The product was found to be identical with Octzsn{PF‘v)2 on the
basis of melting point, analytical data and IR spectra,

Yield : 0.1 g (ca. 15 %).

18. Reaction of PPvH with MezSnD H
(i) 0.6 g { -~ ©.001 mole! of HezSnO was suspended in hot
benzene-ether mixture (50:50}) and shaken with 0.32 g (0.00Z2 mole)

of PPvH for 2-3 minutes, The ¢lear supernatant solution was
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decanted and allowed to stand. The scilid precipitated from ths
solution was washed with ether and dried.

Yield : 0.225 g (ca. 468 %}. Decomposwes above 20000.

Analysis : % Sn % C % H
Found : 28.2 48,85 4.1
Calculated for ﬂazSn(PPvlz : 24.88 50,863 4,22

(it} ©,16 g of MezSnD and 0,32 g PPvH were refluxed in bez-sther
mixture for 8 hours and filtered. The filtrate was shaken with
NaHCB3 filtered, concentrated, diluted with pet.ether and stored

at 5°C. The yeliowish white precipitate obtained was washed with

ethar and dried. Yield : 0.08 g (ca. 186%). Mp. 172°C.

Analysis : " #* Sn % C % H
Found : ~ 41.07 3.8
Calculated for MazSn{PPv}DH : 35.97 40.24 4,26

i9. Rgaction of PPvH with thSnO :

0.28 g { 7 0.001 mole) of thSﬂD and 0.32 g ( ¥ 0,002 mole}
of PPvH were refluxed in benzene-ether mixture {(50:50! for 1 hour

and filtered, The filtrate was shaken with NaHCD9 .concentrated

3

and allowed to stand. The precipitate obtained was washed with

ether and dried.
Yieid 1+ O0.055 g i{ca. 12%). Dees not metit.

Analysis @ : % Sn % C % H
Found = - 57.16 4.3
Calculated for'thSn(PPvJOH H 26.1 - B5.75 3.98



20. Reaction of NaBF with FhSSnCl :

.18 g- { ~ 0D.0005 .mcle) of PhSSnCI and 0.085 g {>0.0005
molie} of haBF were stirred at room tempearature for 6 hours in dry
ether containing i1ittite methanol. The resultant suspension was
svaporated at room temperatura, extracted with cold bez-pet,sther
mixture (50:50) and stored at SOC. The first crop af products was
rejected and the sgcond CEOD was recrystallised from

benzene-pet.ether.

Yield : 0.1 g (ca. 42 %). Mp. 149-50°C,

Anatlysis : ' % Sn % C % H
Found 23.1 1.8 4.5
Calculated for PhSSnBF : 23.88 BZ.65 4,02

21 Reaction of BFH with (PhBSn)ZB

0.35 g ( " 0.0005 mole) (Ph Sn) 0 was dissolved in 10 ml
benzene-ether mixture (50:50) by warming and the solution shaksen
with 0,165 g {( 7 0.001 mole) BFH for & minutes.The ciear solution
Was dilﬁta& with pet.sther and storsed at SOC. The fhite product
obtained was recrystallised from cpld benzene-pet.athar mixture
and dried under vacuum over CaCiz. The product was identifiéd
with PhsSnBF on the basis of meiting poin£, aﬁalytical data and IR
spectra.

Yield : 0.45 g {ca. B80%}).
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2z. Reaction of NaBF with BuBSnC1

$.32 g 7 0.001 mole) of BUESnCl was added to a suspension
of excewss NaBF (0.3 g, 7 0.002 moiel in 20 m! ether and stirred
for 10 hours using a magnetic stirrer and filtered. The solvent
was evaéorated to a sﬁall volume { ~ 5 ml}, diluted with equali
volume of pet.ether and storsed at 59C. for saveral days., No
precipitation occurred and, the solvent was removed at room
tgmperature. The colorless viscous liquid obtained, after drying

under vacuum, weighed 0.43 g {(ca. 100 %),

Analysis : % Sn % C %
Found : 26.5 55.3 7.8
Calculated for BugSnBF : 2G.84 54.78 7.3

23. Reaction of BFH with (Bu Sn) 0 =

0.3 g ( ~ 0.0005 mole) of KBUSSnizD and 0.2 g (50.001f mole!}
of BFH were refluxed in 20 ml dry benzene for 4 hours using water
separator. The solu;ion was shaken vigourously with NaHCDB‘
fiitered, cpncentrated to about 5 ml, diluted with pet.,ether and
storaed at SGG for a3 week. Thse slight turbidity formed was removed
by fittration and avaﬁarated at rﬁom temparature. Ths coloriess

viscous ligquid was dried under vacuum. Yield 1 0.38 g {(ca. S6 %).

Analysis @ % Sn ¥ C % H
Found : 26.6 55.1 7.7

Calculated for BuBSnBF : 26.94 54.?9 7.3
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24. Reaction of NaBF with BzBSnCI H

0.42 g (7 0,001 mole) of BZQSnCi was added to a suspension
of excess NaBF (0.3 g ~ 0.002 mole) in 20 ml ethsr and stirred
magneticaliy for 6 hours, .The solvent was removed at room
temperature and the reszsidue gxtracted with bez-pet.ether mixture.
The extract was cancaﬁtrated_and stored at 5°C. The first crop of
solids on recrystallisation from benzene-pet.ether mixture and

drying gave 0.24 g (ca. 45%) of product msliing at 152—406.

Analysis ¢ % Sn ' % C % H
Found : 20.96 64.68 5.0
Calculated for BzBSnBF 3 21.885 64.4 4.8

25. Reaction of BFH with {BZBSngO T

0.4 g { ~ 0.0005 mole) of (BzSSn)zB and 0.15 ¢ ( ~ 0,001
maolelof BFH were refiuxed-in benzene for 15-20 minutes. The faint
yeliow solution waé shaken with NaHCDs’ filtered and allowed to
stand when slight. turbidity appeared.Turbidity was removed by
filtration, diluted with pet.ether and stored at 59¢ avernight.
Tha first érup cf product waé recrystallised from bez—pat.ether

mixtures and was identified as BzBSnBF on thg basis of mixed

melting point, IR and analytiéal data. Yield : 0.3 g {(ca. 55 %}).

26. Reaction of BFH with Bu_Sn0

$.26 g 120.001 mole) of BqunG and 0.3 g (0.002 moie} of BFH
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were shaken for 5 minutes in 10 m! warm benzene-ether mixture
{S0:50) and filtered. The filtrate wag diluted with pet.ether and
allowsd to stand at 5°C. The white pracipitate obtained was

recrystallised from benzene-pet.ether mixture and dried.

Yield : O0.44 g (ca. 82 %), Mp. 65-68°C.

Analysis ' % S5n % C % H
Found : - 20.86 54.8 5.4
Calculated for Bqun{BF}z : 22.26 54.34 5.28

27. Reaction of BFH withaOthSnO

D.18 g (0.0005 mole) of DctzSnD and 0.15 g {(0.001 mole! of
BFH were shaken for 5 minutes in 10 m! warm benzene-ether mixture

(50:80)., The clear solution was ditufted with pet.ether and stored

at -500. The white solid cbtained Was racrystallised from

benzene-pet.ether mixture and dried.

Yietd : 0.25 g (ca. 80 %). Mp. 73-48°C.

Analysia g % Sn ® C % H
Found : ' 18,72 59,2 5,9
Calculated for Oct Sn(BF)_ i 18.38 59.81 .85

28. Reactlon of BFH with MezSnG :

0.0B g ( ~ 0.0005 mole) of Mezsno and 0.15 g { ~ 0.00f mole)
' cf BFH were taken iﬁ 5mi! benzene-ether mixturq'ISO:SO! and shaken

for B minutes. Filtered and the filtrate allowed to stand at SOC.



The white scolid separated was recrystalliised from ether and driad.

Yield : 0.155 g {(ca. 70 %). Mp. 182°C.

Analysis : % Sn % C % H
Found : - 48.75 3.5
Calculated for MEZSH[BF}Z : 26. 46 48,43 3.55

29, Reaction of BFH with thSnD

0.15 g ( 7 0.0005 mole}) of PhZSnD and O.1% g (0.00%f mole} of
BFH were reacted following the game method as for reaction 28

above and the product coltlected in the same way.

Yield : ©.18 g (ca. B4%). Mp. 117°C.

Analysis % Sn % % H
Found : - 59,4 4.15
Calculated for thSnlBF?Z : 20,7 58.85 3.5

II12C. Physical measurements
All analytical work were carrisd cut at C.D.R.!,,Lucknow,

India. The IR spectra were recorded in KBr discs using PERKIN
ELMER 883 and 783 spectrophotometers  at R.S.1.C., NEHU and
1.A.C.5., Jadavpur, Indis, respectively,. IR spectra in Nujol! mutl}
were recorded wusing a PYE UN ICAM 5P3-300S spectrophotoﬁeter at
North Benzat University, Dist. Darjeeling ,Iindia.

All  U¥  spectra were recaorded with a  SHIMADZU UUEQO-
specirophotometer wusing 1° em quartz «cells at Neorth Bengal

University.
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‘K NMR spac%ra warge racorded with VARIAN ¥L-200 and EM-380 -
spectrometers at [.A.C.S., Jadavpur and R.5.1.C., NEHU and JEGL

GSRA 400 HB at [.1.T., Madras, India.

I11.3. RBosults arnd discussion
In aorder to prepare the organotin a-keto carbuoxylates the
following two methods were used
{i} Reaction of the Na -sait of the o«a-keto acid with the
triorganotin halides in ether or methanol,
0 g
R‘*g*CDDNa + RgSnCi —_— 2 RgSnDCDghﬁ‘ + HZD —————— L1l
and {(ii}! reaction of the a-kete acid (HL) with the appropriate

organostannoxane in dry benzens/socivent ether,

0 D
] |
2 R'-C-COQOH + (R Snt' O —_ 2 R SnDCDé-R' + MO -—-—=--- [21
g z 9 =
o 2
2 R'-C-CO0OH + R §nD0 — R Sni{0CoC-R"'} + HO -—=-=--- £31
z - 2 2

While the reaction between triorganotin. halides and the
Ma~salts of the acids proceeded as expected giving trieorganotin
carboxylates, the reacticn between the acids and organotin cxides
yielded a variety of apparently unexpected products in addition
to the carboxylates, depending on the reactants and reaction

conditions used. In fact, the vield of the triocrganctin
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carboxylates were almost negligible ( <10 %) in some of the latter
case indicating a profound influence of £he a-keto group on the
reaction. In order to understand the rather surprising resulté of
these reactions, it is nQGESs&ry to first discusgs the different

products obtained.

The most interesting feature of these reactions is fhe
formation of addition complexes of the type RaSnDH.HL. The
reactions of QHBCDCOOH (PvH) and PhCHzCDCDDH {(PPvH! with some
hexaorganc distannoxanes under very mild condigions, leading to
ths addition products, deserve special attention. For exampie,
when a solution of lPthn)zD in benzena/ether is stirred with PvH
Iin 1:2 proportion for 2-3 minutes a white solid is precipitated
immediately. This product has an empirical formula of PthnDH.FvH

on the basis of elemental analysis and possesses very interesting

RT.0.
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chemical and spectroscopic properties. Becauss of the unigueness
of these compounds their preparation and characterisation will be
discussed separately.

These acids ailso produce other interesting compounds of the
type RzSn{L}OH, thch are hydrglysates of the diorganotin
dicarboxylates. Incidentally, thSn{L}OH type of compounds have
also been formed duriné the reaction of {PhBSn)ZO with the acids,
presumabtity, through the clsavage of Ph—Sn bonds. |

[ntergstingly, the reaction of PhCOCOOH (BFH!? with the
stannoxanes has produced anly the carboxylate derivatives of the
type RnSn(DCDCDR‘>4_ (p = 2,31}).

in the present chapter, characterisation of the tri- and
diorganotin keto carboxélates and the  Thydrolysates of the
diorganociin derivatives are being presented. A summary of the
reaction conditions used for the preparaticon of the Lketo
carboxytates, their yields and melting pognts are given in

table-Iii.1. Anailytical data and the solubilities of the compounds

are recorded in table-1111.2.

11134 Characterisation f The Products

A reference to thé tabtlte-111.3. .would reveal that the
reaction of tricrganotin halides with the HNa-saits of benzoyl

formic acid (BFH? and phenyl pyruvic acid {(PPvH) gives moderately
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Table:-111.1.

S1. Reactants and Reaction conditons Time FProduct % yield
ne. mote ratio _ + Mp.
1. Phsan! Stirred in ether containi- 8 . Pthan i0,
+ MNaFv ng tittle methanol and ex- hre. 114—600
(L:zld cess NaPv. Evaporated to

dryness and extracted with
pet.ether, Solid obtained
from the extract recrystal-

lised from same solvent.

2 (Ph_Sn) 0 Refluxed in ether.Filtered, 1 (&) 3,
(i} + PvH and filtrats svapocratad at hr. Phasan 114"800
{i:2) r.t.The resultant mass ext-

racted with pet,ether.Pet,
ether extract on evaporati-~
on and recrystailisation

from the same solvent gave

{a)
The residue after reflux {b)
and that from the pst.ether PhZSn(Fv}UH -

extract on washing with bez.

and ether gave identical pr-

oducts {b}
When the ether was distilled {c?
ocut completely after the reac- Cde

tion, the distiliate was fou-
nd to contain benzene in eth-

ar {cl.
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Table-111.1{contd., .

T 2. {Ph Sn!_0O
3 4
{ii? + PuH
{r:2)

3. BugSﬂC]
+ NaPwv

(1:17

4. {Bu Sn) B
3 4
+ FPvH
{1:2)

Refluked in bez. Filtered,
residue washed with bez. and
ether gave la}

Filtrate esvaporated at r.t,

and washgd with cold sthsr.

The remaining solid was ext-
racted with hot bez., conce-
ntrated and ailtlowed to crys-
taitise. Product recrystali-
ised with bez—pet.ethef {h).

The residwue from the bez.-
extract on washing with eth-
er and recrystallisation fr-

om methanoil gave (¢,

Stirred in ether with excess
HaPv. Evaporated to drynass
at r.t, and extracted with
pet.ether. So0iid separatea
from the sxtract was recryst-

altised.

Refluxed in dry bez. Scolution

shaken with NaHCD3 and fifte-

red., Filtrate concentrated to

a smail volume, diluted with

pet.ether and stored at SOC.

Thick vellow liguid separated.

Upper pet.ether-bez layer

crystaltlised.

L2 {a)
hrs. EFhSniPV)D]“

{b}
Ph Sn
4 .

fch

thSn(PviDH

8 Bu SnPv
a

hrs.

18 BUSSHFV

hrs.

-]
™
~J
Q

11,
g8o-2C

20,
so-2"¢c
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itated with pet.ether. Solid

washed with ether.

- Table-lli.1(contd. ).
5. EzBSnGl Stirred in ether containing g BzgSan s,
(i) + NaPv little methanol with excess  hrs. 104-8°¢C
(1:11 NaPv. Evaporated to dryness
at r.t, and extracted with
celd ether and altlowed to
crystailise. The second crop
racrystallised from cotd
agther,
5. (BzBSnizD Refluxed in bez. and filfter~ 10 {BzSn{Pu}DJn
tii} + PvH ed, Residus washed with ath- hrs. -
t1:2) er and recrystallised from '
methanotl.
5. DthSnD Dxide and acid shaken in bez, 5 ?thSn(PviOH 80,
(i) + PvH Decanted and precipitated min., Decomp.
(1:2) with pet.ether. Solid disso- »150°C
tved in ether and reprecipi-
tated with pet.ether.
6. Refluxed in bez. Solution 10 OctzSn{Pvlz 32,
(iil . s shaken with NaHCGE, concan- hrs. 112-4OC
trated, diluted with pet.et-
her. Product recrystallised
from bez.-pet.ether.
7. BqunD Organotin and acid shaken in 2-3 Bqun{PvioH B4,
(i) + PvH warm bez-ether (1:1) mixture., min. Decomp.
(1:2) Solution decanted and precip- »234°C
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Table-1lli.1{contd.?,

7. ' Refluxed Iin dry bez. Soiution 14 Bqun(Pvlz 23,
{ii) . shaken with NaHCstconcentra— hrs. iSTOC
ted, diluted with petf.ethsr
and stored at 5°C. Thick ye-
tlow ligquid separated. Upper

pet.-bez layer crystaltised.

B. HEZSnD Organotin and acid shaken in 2-3 MezSanv?DH 80,
(i} + PvH warm bez-ether mixture. Solu- wmin. -
(1:2) tien decanted and precipitat-

ed with pet.ether. Solid was-
hed with sther

8. Refluxed in bez. Sotution sh- 8 MezSn{Psz isg,
{ii? - aken with NaHCUS'and concent- nrs, -
rated.
9. thSnD Organcotin and acid shaken in 2-3 PhZSn{Pv)DH 78,
(i) + PvH warm bez-ether (1:!) mixture. min. -
(1:2} Solution decanted, precipita-

ted with pet.ether. Sotid

washed with ether.

9. Refluxed in bez. Residue was- B8 [PhSn(FuiOJn
{i1) , s hed with ether and recrystal- hrs. -
tised from methanot.

il

10. PhQSnCl Stirred in ether containing =] PthnPPv 68,
+ NaPPv little methanol. Evaporated Hrs. 139-409C
{r:1) and extracted with cold eth-

gr. Recrystallised from bez-

pet.ether,
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Tablte~-1il. t{contd, }.

L1, {Ph Snt_ 0
: g z

1} + PPvH
{1:2)
L 1. {Ph_ Sn) O
] z
ii) + PPvH
{(1:2)
2. Bu 85nCl
3
+ NaPPv
(1211}
3. {(Bu Sn} 0
3 -3
+ PPvH
{1:2)

Solution of stannoxane in bez/
ether shaken with acid, dilut-
ed with pet.ether, allowed to

stand at 506 for sevaral hrs.

Product washed with coid efher.

Refiuxed in bez. Filtered, re-
sidue washed with ether, gave
{a). Filtrate evapcrateg at
r.t. and washed with cold eth-
er and residue extracted with
hot bez., Bez. extract gave (b)
en recrystallisation from bez.
-pet.ether. Remaining residue
{c) was recrystallised from
methanol.
Uhen refiuxed  in ethef,

the above reaction [31i.({1i)]
gave Cde as one of the produ-

cts, along with {a) and ().

Stirred in ether containing
little methanol with excess
of NaPPv. Filtered, svaporat-
ed at r.t., and extracted with

pet.ether and evaporated.

Refluxed in berx. with excess
acid., Solution shaken with
}'JaHCD3 and filtered. Evaporat-
ed at r.t. and extracted with
cold pet.ether and the soivent

allowed to evaporate.

5

mir.

12

hrs,

hrs.

10

hrs.

PhBSnPPv 70,
139-40°C
 (a}
{PhSn(PFvID] -
™
(b7
Fe)
Ph‘Sn 227°C
(c?
PhZSn{PPv}OH -
BuaSnPFv 98,
Lig.
Bu_SnPPv 55,
Lig.
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Table-jil.t{contd,. ).

14, BzgSnCl
+ NaPPv
(1:1)

15, {Bz En}t B
3 2
+ FPPvH
(r1:2}

Stirred in ether containing ? BZSQHPFv 45,
MeDH. Filterad, Evaporated at  hrs. : 134%
r.t. and extracted with ether.

The extract stored at 506.

Shaken in Bez.-ethsr mixture,. 5 BzBSnPPv 78,
Solution kept at 5°C. The min. 134%
solid product obtained was

washed with cold sther.

is6. BqunD Shaken in warm bez.-ether mix. 10 Bqun{FFv)z 72,
(i} + PPFvH Filtered, ditluted with ether min, Decomp

{1:2} and allowed to stand at SOC. >1?OOC
18. . s Refluxed in bez.-ether mixture 8 {a} 25,
{ii}

17. DctzSnD
(i} + PFwvH
{1:23

17. y s

(ii}

and filtered. Residus recryst- hrs. B SniFPvI0H 191°C
allised from acetone, gave (a}l. ’
Filtrate shaken with NaHCDa,

filtered, concentrated, dilut-

ed with pat.ether and stored at

59%C. First crop of products {bi 5a,
rejected and the second crop BUZSn{PF‘vJz Decomp
recrystallisad from bez.-pet.- >1?0°C

ether (btl.

Shaken in hot ether, fittered, & DctzSn{PPv}Z 60,
concentrated, diluted with pet min. 74-8¢C
-ether and kept in freeze. Pr- .

oduct recrystallised from eth-

er-pet.ether mix.

Refluxsad in baz.—ether.mixtu~ 9 (al . E5,
re and filtsred. Residuq rac- hrs. DctzsniPFviﬂH 12400
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Table~1Il.1{contd. ).

16. Mezsnﬂ
{iy + PPvH
{1:2)

18, -

{ii}

18, thSnO
+ FPPvH
{(1:2)

-3
(o}

PhBSnCl
+ NaBF
(1:11)

rystallised from acetone (al.

Fittrate shaken with NaHCOg,

concentrated, diluted with pet.

~gther and stored at 5°C, Fi-
r9t orop recrygtalilsed from
acetone (a} and“the second

crop (b} recrystallised fromw

ether*ﬁet.ether mix.,

Stannoxane and acid shaken in

bez.-ether mix., Solution dec-

anted and aliowed Lo stand.

Ppt. washed with esther.

Refluxed in bez.-sther mix.
fittered, shaken with NaHCGa,
concentrated, diluted with
pet.ether and stored at s9¢.

Refluxed in bez.-ether mix.
Solution shaken with NaHCUa,
and allowed to stand. Ppt.

washed with ether.

Etirred in =sther containiﬁg
little MeOH, with axcess Na-
salt. Evaporated at r.t. and
extracted with bez.-pet.ether
mix., concentrated and allow-
ed to crystallise. 2nd crop
of products recrystaliigsed

from bez.-pet.ether.

{b)
Oct _Sn{PPv}
2 z

2-3  Me _Shi{PPv)
2 2

min.

8 MezSniPPleH

hrs.

1 PhZSanPU)DH

G FhQSnBF

hrs.

15,
74-89¢C

46,
Becomp
»200°%¢

16,
1729

iz,



-139-

- Table-i{l.1{contd. ).

21,

{Ph_8n})_0
g 2

+ BFH

{1:21}

BuaSnCE
+ NaBF
{1:1)

{Bu Sn) O
T 2

+ BFH

(1:27

Bz SnCl
E

+ NaBF

(1:11}

{(Bz_Sn7i_0O
2 2

+ BFH

{(t1:2)

Solution of stannoxane in bez.

~ather mix. shaken with acid.
Diluted w;th pet.ether and
kapt at 59¢. product rac-
rystatlised from coid béz."

pet.ether.

Stirred in ether with excess
NaBF and filtered., Saolvent
evaporated at r.t. Redissol-
ved in pet.ether, filtered

and again evaporated at r.t.

Refluxed in bez. with axcess
acid. Shaken with NaHCOa, co-
ncentrated, diluted with pet.
ether and stored at 5°C.
Slight turbidity formed was
removed by filtration. Sclv-
ent removed from the filtra-

te at r. t.

Stirred in ether with excess
NaBF and solvent removed at
r.t. Extracted with bez.-pet.
ether mixture, concentrated
and allowed to crystallise.
First crop recrystallised

from bez.-pet.ether.

Refluxed in bexz.-ether mixture.

Shaken with NaHCOg, concéntra~

ted and allowed to stand. Sii-

S Fh_ SnBF
5]

10 BugSnBF

hrs.

4 Bu SnBF
]

hrs.

B Bz SnBF
3

hrs.

‘20 BZHSHBF

min.

80,
149-50%C

100,
Lig.

88,
Lig.

45,
152-4°¢C

55,
152-4°¢
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Table-ill.iicontd. }.

2B.

29,

Bu Snb
2

+ BFH

(1:2?

DctzSnD
+ BFH
{1:2)

Me Snh
z

+ BFH

{(1:2%

thSnD
+ BFH
{(1:2}

ght turbidity appeared, remov-
ed by filtration. Diluted with
pet.ether and stored at 59¢.
First crop of products recrys-

ilised from bez.-pet.ether mix.

Shaken in hot bez.-ether mix., 5

with small excess of oxide, min.

filtered, diluted with pet.~-
ether and stored at 500. Fro-
duct recrystallised from bez, -

pet.ether mixture.

T 5
min.
Shaken in hot bez.-ether mix., 5
with small excess of oxide. min.

Fiitered and allowed te stand
at 59C. Product recrystallised

from #ther.

LI 1 5

min,

Bu SniBF}
z z

Cet_Sni{BF}
z z

Me Sni{BF}
z 2

Ph Sn({BF)
2 2

az,
65-87¢C

64,
117°¢C
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Table:-111.2.,

Analytical data and Solubitities of the Products.

% Found / {Calcuiated)
Sotubitities

Sl. Compound
No. - Sn C H
1. FhaSan 26. 1 58.8 4.8 Bez., F.eth., CHC[s
. {27.086} (57,8} {(4,13) _EtzD. Ace.,Alc.
a2, BusSan 3t.02 49,0 B.5 )
(31.38B) {47.9} {(7.958)
3. BZBSHPV - 61.3 4.8 '
{24.69) {60.25) {5.02)
4. BUZSn(Pvlz . 30.82 2.1 6.5 s
{28.08} (41.4) {5.81
5. HezSn(Fv)z 34.9 Z9.28 3.8 Ale.; stightly solubie
{38.684) {28.8) (3.7} in EtzD, Beaz., Ace.
6. OthSn(Pviz 23,72 51.7 8.02 Bez., F.=th., CHCIS’
{22,781 {50.8986) {7.72) EtzO, Ace., Alc,
7. Bqunth)GH 34.64 40. 45 6.1 Alc.
(35,11 (38.3) {6.54)
8. HezSn{PUPDH 46, 16 23.3 4.4 -
(46,82} (23.81) {3.97)
S. UctzSn(FleH 25.2 - 5%1.6 7.5 Alc., EtZD., Ace.
{26.34)- {50.89} {8.48)
10, thsn(Fu)OH 30.1 48.1 . 3.8 Alc.
{31.38) (47.87) (3.72}
11, {PhSnin)D]n 38.5 34.8 2.8 -
(38.6} {36.2) (2.7
12, [BzSn(Pv)D]n 36.26 38.2 3.48 -
(37.82} {38.461 {3.2)
13. FhESnFPV 22.9 63.8 3.7 .Alc., Ace., Etzﬂ, Bez,,
{23.0) (63.15} {4.28;} St.sol.in CHCIglhl.
14. BUQSHPFU 28.84 56.65 5.8 Bez., F.sth, CHCIS.

{(26.1) {55.75} {7.52) Et 0, Ace.,Alc.
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Table-111.2{contd, ).
15. Bz _SnPPv 22. 1 B4.56 5.4 Ala., Ace., Et0. Bez.,
(21,3} (64.98) (5,05} Si.sol.in CHCi_th).
16, Bqun{PPvlz 22.49 _ 54.8 5.6 Alc., Ace., EtzO, Bez.,
(21.15) (55.91) (5.73) Si.sol.in CHCI_{h).
17. Dot SntFFv) 18.85 58,02 6.85 .
(17.81) {60.89) (7.13)
18. HezSanPv}z 26, 2 49,85 4.1 Ale., Sl.sct. in Ace.,
(24,89) (50.63) (4,22) Et 0, Bez,
19. Bu, Sn{FPv)OH 30. 15 48.8 5.4 Alc., Ace., Et0.
(2B.64) {49.51) (6.3)
20. Oct Sn(PPvIOH  23.76 58.74 7.5 L,
(22.52) . {57.25) (8,011
21, HezSn{PPv{DH ) - 41,07 3.8 Alc.
(35.97) {40, 24) (4,286}
22. Fh SntFFv)OH 27.56 57.4 3.7 -
(26,4 (55,75} (3.88)
23, EPhSn(FPvIOl  32.6 47.3 3.7 '
{31.55) (48.12) {3.2)
24. Ph_SnBF 23.1 61.8 4.5 Bez., CHCl  CCl (h),
(23.69) (62.65) {4.02) Et,0, Ace., Alc,
25. Bu_SnBF , 26.8 55,1 7.7 ' s
(26.94) (54.79) (7.3)
26. Bz SnBF 20. 98 64.68 5.0 | .
' {(21.85)  (84.4) {4.8)
27. Bu,SniBF), 20.886 54.9 5.4 -
(22.26) (B4.34) (5.28)
28. Me Sni{BF) - 48.75 3.5 Bez.{h), CHCl,, Et,0,
_ (26.46) (48.43) {3.59)
28. Oct Sn(BF) 18.72 59;2. 5.9 Bez., P.eth., CCi_
{18, 38) {59.81) (G.8B5) CHCl, Et 0, Ace., Alc.
30. Ph_Sn{BF), - 59. 4 4,15 Bez., CHCI_ Et.g,

(20.7) {58.885) (3.5) Ace., Alc,
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good yields of the triorganoctin keto carboxylates, but with the
Na-salt of pyruvic acid (PvH) the yields are very poor. Although
no explanation for this observation is readily forthcoming , cne
of the probable reasons may be the fact that the pyrucvate ion is

. s e 2o
susceptibie to extensive polymerisation, <cataliysed by base ,
traces of which are produced due to abscrption of moisture, by the
extremeiy hygroscopic Na-pyruvate, during handiing.

This method of reacting organctin halides with the Na-salts,

has however, not been found to be suitable for the preparation of

Table-111.3.

% yield of products.

RSSnCi R = n-Bu R = Ph R = PhCHz
R*COCOONA
R*= CH3 | . 11 10 B8
R'= PhCHz J 9@ ) 68 44
R'= FPh 100 42 45

diorganotin derivatives of the keto acids, due to the formation of

nighly polymeric insoluble products, which are difficult +to

charactarise.
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The reaction between appropriate organostannoxanes and the
keto acids, carried out by heating them in dry benzene/solvent
ether in 1:2 mole ratio, on the other hand, have produced both
tri- and diorganotin ketocarboxylates. While the carboxylate
‘derivatives of benzoyl formic acid (BFH! and phenyl pyruvic acid
{PPvH) wére obtained in good yields under mild conditions, 'those
of pyruviec (PvH! were obtafned under comparatively drastic
conditions and the vields werege alsc very poor {table-111.1.}, The
percentage yields of the triorganotin ketocarboxylates cbiained

from the reaction of triorgano stannoxanes with the keto acids are

shown Iin table-I11l.4.

Table:-1ii.4.

% yield of products,

R n-Bu Ph PhCH2
R!
{Taft's constant}

CHS _ 20 3 -
(~0.05)

PhCH2 55 20 : 28
(0.04} ‘

Ph 20 a0 55

(0. 1)
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From the data in fables {11.3 and 1i{.4 it is sesn that both
the methods give very high yields of ths triorganotin derivatives
of PhCOCOOBH (BFH) and very low yields for the derivatives of
CHaCDCODH (PvH}! . This clearly displays a distinct pagtern and if
we look at the valuss of the Taft's constant of the R' groups
{tabite-1[1.4.), we find that the yield of the carboxylates
increases with increasing Taft's ccnétant. This would suggest that
electronic and other factors are responsible for the excepticnally
poor yields of the triorganotin pyruvates,

These observations coupled with the fact, that pyruvic acid
reacts with some bis{triorganotini oxides giving very high vield
of the addition product, wﬂereas, banzoyl formic acid forms no
such compound, shows that theszs acids differ remarkably in their
reactions with organostannoxanes. This differance in the role of
the ligand in relation to the formation of the ketocarboxylates or
the addition products will be discussed latter.

The characteristics of the tri- and . diorgancodtin
ketocarboxylates and the carboxylateo diorganctin hydroxides are

now discussed separateiy.

ITI1.31A. Triorganotin Keto Carboxylates (RsSnDCOCDR‘B ¢
Reference to tables-1[l.%1 and {]i.2 reveals that the

‘triorganctin ketocarboxylates have low melting points and are
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fairty soluble in nonpolar organic solvents tike typical organotin
carboxylates. Analytical! and 5pectroscopic data {tables [11.2 and
itt.6, 11t.8, 111.9) have provided valuabie information regarding
their composition and étructure.

Before undertaking %to discuss the spectroscopic Properties
of the triorganctin ketocarboxylates, it will be retevant as well
as instructive to ha;e a close look at the [R.spectra and the
molecular geometry of the free acids.

{i) IR spectra of the free acids

The IR spectra of the a-keto acids used in the pressant
investigation are shown in figures {li.i-111.3 and the spectral
data given in table-{il.8A.

in free pyruvic acid {PvH! and benzoyl formic acid {(BFH)
there are very broad bands in the region 3800-2800 om indicating
the presence of hydrogen bonded dimers. In CC]4 solution of PvH
this band, however, becomes sharp and absorbs modarafeiy at 3420
em ' like monomers. The v _.0Ch and Yeon frequenciss, which cveriap
inte a strong broad band io thea region 1750-17Z0 em * in neat PuH
also get split Iinto two strong sharp bands at 1790 an& 1725 cmhi
in CCI4 solution. The l?SD cmu1 band in CCI‘. soyution may
reasonably be attributed to the carboxyt C=0 stretch of the
monomeric form of the acid . Therefore, it is apparent that PeH

igs monameric in CCl4 solution and occurs as a dimeric species in
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the neat liguid. The band occurring at 1725 em Y in CCl, soiution
may be assigned to ketonic C=0, from the comparison af the IR
spectra of the acid and its ethyl ester.

in BEFH ths L and » frequencies appear as broad bands

GCG C=0
at 1740 and 1685 cm_1 respectively, in the solid phase. The Yeon
band occurs at a lower freguency compared to PvH due to
conjugation with the phenyl ring. Because of the presence of a
veary hroad 0OH stretching band <centering near 3000 em ' and a
medium intensity, slightly broad, out of plane 0OH deformation band
at B75 cm_t, it may be inferred that this acid exists primarily as
carboxyl dimer in the salid state.

On the other hand, the presence of a medium intensity sharp
band at 3480 cm“. in the case of phenyl! pyruvic acid ({(PPvH},
indicates the absence of dimeric form even in the solid state.
However, the carboxyl streftch occurs as a broad band in the region
1680-1680 cm_t showing a liowsring of L;aDCU This is, presumably,
due to intramolecular hydrogen bonding as shown in structure-V.
This is supperted by the spectrum of the sodiuﬁ salt where the
ve_, (keto) is found at 1700 om = and the »__ .. and »_o .o are
found in the normal region for salts.

There are medium intensity bands in the 700-600 em * which

may be assigned to C=0 wag in alt these acids. In PvH and BFH this

band occcurs at 615 and 660 cm respactivéty; whereas, in PFPvH the
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H

el \“""
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A E%
Ph C H3
v
same band gcocceurs at stiii higher fresquency at 635 cm . This also

suggest the involvement of the ketonic C=0 group in intramolecuiar
H-beonding in PPvH.

The axis£ence of the intraﬁolecularly H-bonded monomeric
structure IVl for FPPvH requires the trans form of the acid to be
more stable. Although, for PvH and BFH alsoc, the more symmetrical
trans form may be assumed to be more stable, no such inference can
be drawn on the basis of IR spectra. A study of the computer
genefated moiecuitar models of these acids and calculation of their
energies, using Dessk Tap Motecular Modeliler: Versjion 1.25ﬂ have
shown that for all the free acidg the trans-geometry offers the

energetically more stable form (tablie-I111.5). Thus, it is evident

Table-111.5.

e e e e e B e e e = o —

Molecule E in KJ/Mole,

: Cis-form Trans-form
CHECUCOOH 1,432 1.244
PhCHzCOCDDH -4.511 —4.?4;

PhCOCOOH 10.768 7.784
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that in these acids the potential donor O-atom of the keto group
is suitably oriented for intramolecular coordination in their
organotin derivatives.

(ii} IR spacira of triorganotin ketocarboxylates :

The IR spectral data of the organotin keto carboxylates are
presented in tabte- 11i.6A, and some typical spectira are shown in
figures ill,4—lli.é.

Although complete assignment of the absorption bands in the
IR spsctra of the triorganotin compounds is not possible dus to
the presence of strong Rigand vibrations in all the reievant
regions, impdrtant structufal information may be obtained from a
gualitative assignment of bands to VOH, L%sﬂcb, vC=D, L%DCO and
vibrations. The main festures of the IR spectra are noted

vSn—O

below.

b

All the triorganotin derivatives are characterised by the
prasence of a number of strong intensity bands in the 1700-1500
cm * region, where the vC=D and zimUCD froguencies cccur, These
frequencies in these compoﬁnds have besen identified by comparing
their spectra with those ¢f the free acids, their esters and
Na-salts. However, 1in soms cases these two frequencies ovsertap

resulting into a broad band similar to that of the free acids, but

at a lower fregquency. In such cases the assignments are not

precise.
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Table:~111.6.A.

SL. Compound. ' éclid FPhase{in Nujol /KBr!} Soin.Fhasglin CCIGICHCXQ)
o,
Yo Yc=0 Yasoco Ysoco “c=0 You “c=0 Yasoco “soco
({wag)
1. PuH 3600~ 1728 1740 1285 615 4320 172§ 1790 1280
2900° ) 1180 1200
2. PvEt - 1745 1755 1370 618 -
1300
FuNa - 1710 1625 1405 625 - -
4. PhaSan - 1572 1542 1410 865 1612 1635 1370
| 1535 '
Bu_ SnPv - 1584  1567° 1384 685 1635% 1635 1340
Bz SnFv - 1580  1567° 1403 665 -
Bu,Sn(Fv) - 1585 15858 1382 680 1608 1680 1370
. Oct,Sn(Pvl, - 1580% 1880% 1395 880 1610 1678 1370
9. HMe Sn(Fvi_ - 1628 -
1595 1560 1356 670
10. PPuH 3460 1688 1688% 1248 695 -
1195
11. FPvNa - 1702 1620 1398 -
12. Ph_SnPPu . - 1583 1565 1400 1610 1650 1370
_ 1847
13, Bu_SnPPv - 1582% 1s592% 1394 : -
14. Bz SnFFv - 1614  1814% 1386 1610 1650 1345
1562
15. Bu Sn(PPvi_ -  1620°" -
1580 1550 1408

a - very broad band, probably due to overlap of Y 0CO and vﬂc=0.

b - broad : ah - shoulder.
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SL. Compound.

Soiid Fhose(in NuUjJol/KEF]

Soln.FPhaselin CC!4KCHClSJ

0.
Yo Y=o Yasoco Ysoco Yc=o Yo  Yc=0 Yasoco Ysoco
{(wagl

16. Oct SniPFv) - 15270 -

1577% 15777 1394
17. Me,Sn(FEv), - 1528°" -

18758 15758% 1410
i8. BFH 3400~ 1686 1742 12158° 680 -

2800° 1180
1S. BFNa - 1670 1570 1412 -
20. Ph_SnBF - 1686 1575 1405 680 1690 1655 1360
1550
21. Bu SnBF - 1648 1682 1405 670 -
1550

22. Bz _SnBF - 1678 1583 1405 680 1670 1610 1360
23. Bu,SntBF) - 1886  1825°  1375° 680 1888 1645 1365
24. Ost,Sn(BFi, - 1686 18200  1375° 675 1680 1640 1370
25. Me Sn(BF) - 1686 1647 1363 680 -
26. PhSn(BF) - 1686 1635 1375° 478 -
2 ~ vary broad band, probably dus to eoverlap of Y L0C0 and v ceg

h - broad ; an - shoulder.



- 1562~

In most of the derivatives gf PvH and PPvH both the vC=G and

4

freguencies appear below 1600 cm =, the lowest being for

YaaliCO
the triphenylitin derivatives, as expected. In the derivatives of

BFH, however, the ketonic strsestching fregquency is either unchanged
or shows only marginal -ve shift relative to the free acid and

occurs as an unambiguously identifiablie sharp band around 1680

bl 3
cm .

The symmetric carboxy! stretching vibrations in these
compounds appsar in the region 1410-1380 cm*‘, which are well
abovg the corresponding frequencies in the free acids or their
esters, but close to their Na-salts. Howaever, identification of

the v is not always unambiguous due to the presence of various

s0CO0

other strong absorptions.
Thus, data from table-111.6A shows that both the asymmstric

and symmetric carboxyl stretching vibrational bands of the parent

acids, appearing in the region 1740-1688 cm © and 1280-1215 cm ©

respectively, get considerably shifted in - the triorganotin

ketocarboxylates, indicating organﬂstannylationsz. Liks

- . 43
triorganctin acetates, formates stc.” , the Y a0CO and ¥ o6co bands

of all the triorganctin ketocarboxylates appear in the 1590-1535

ocm * and 1410-1380 cam © ragions respectively, in the solid state.

In CHGI3 solufion, the former band is raised toc 1655-1610 cmni

reagion and the latter is lowered to around 1370-1340 cm *. it can
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alsg be sgan from table-111.6A that the diffsrance begtwean ¥ _.0Co

and w is atways ltess than 200 cmui in the zolid state and more
- .

9Cco

-y ]
than 250 cm in solution.

These observations may be interpreted in terms of bidentate
and almost symmetrica} carboxyl graup'_forming intermotecular
bridges in the sotid state giving rise to polymeric keto
carboxylatassq, whils in solution dapolymerisation OCCUTS

resulting into ester like meonomeric species.

Altl the triorganotin derivatives show weak -~ to medium
intensity bands Iin 600-400 cmni region. These bands may be
assigned to vénfs, since'compérison with ligand Spéctra showed no
band attributable to vSn—C. which is expected to occecur further

down the scale.
In the tltight of the above observations it is apparent
that, the derivatives of BFH differ from the derivatives of the

octher acids in having the w fraqﬁancies almost unaltered {at

<=0
1880 cm-i), Soth in the solid and solution phase relative o the
free acid, but having the carboxyliec stretching frequencies In tha
same regions. Thus it may be inferred that, in the triorganotin
benzcyifﬁrmatas, while the carboxyl group acts as intermolecular
bridge giving rise ta polymeric 'strudture with trigonal

bipyramidal geometiry around tin in the solid state, ths keto group

remains free as shown in structure VI below
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VI

in the derivatives of PvH and PPvH, however, the ketonic
stretching bands appsar beslow 1600 cm * in the gol id stats,
although the same bands in the free acids appear at 1728 (:m“1 a.nd
1688 cm—1 raspactively, Such a large negative shift can only be
explained by assuming the iavoivesent of the keto group inm
intramolecular coordination, as the carbox?l group is less likely
to act intramolecularly becauss of its small bite anglém. Thus,
in the sotid state the ftriorganotin ssters of PvH and PPvH havse
polymeric structure,(involving chelating C=0 group and bridging
carboxylic group, the tin atom geometry, presumably, being
octahedral as shown in structure V1] below, ‘
This cﬁnclusion is suﬁportad by the fact that in'CHCl3 solution of
these compounds, while the Y .0Ca fraquency undergoes very large
+ve shift due to depolymerisation, the Yoo is raised onily
slightly.-lnlspite of the faet that in solution the kétonic C=0

group remains intramolecularly coordinasted, the small rise in vC*D
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R o SR,
, \gé{/’o“x 45;0
R o £ \ (1:
N e R “o="~R
Y, \
o/ 0
\Sn .
AR R' = CH_ PhCH,
VII R = n-Bu, Ph, PhCH,

frequency may not be quite unlikely because of the change in the
environment of the tin atom and its geometry from octahedral to
trigonail bipyramidal.

Although in the +IV state tin is known to utilise 1its 5d
orbital, hybridised with 5s and 5p orbitals, ffﬁquantiy in
increasing its coordination number abovs foqr, the gnergy
difference between the s or p orbital! and the d orbital is such
that the hybrid corbitals have relatively [ow d-character. In the
trigonal bipframidal geometry involving spﬂi hybrid orbitals, in
complexes of the type RESnK.L {L = ligand), the thrse orbitals in
the eguatorial plane around tin can be regarded as primariiy spz
in character and are oxpectsd to form three étrong covatent bonds

with the R groups. The two apical orbitals may be regarded as
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consisting of the P, and the 4 orbitals, having predominant

p-character and are most likely to overlap with the . more

A2

electronegative i group‘i and ths donor atom of the complexing

agent. The bontds between tin and the axially placed
electronegative atoms are, thérefare, expected to be relatively
weak. X-ray crystatiographic studies by sevaral authors on a
86~a8 . . .
numbsr of RSSnK‘L compounds ' having trigonal bipyramidal
geometry with cis-dispositicon of the R groups, support this
contention. Tin-oxygen bond data for a few such complexes

.

tabulated below [{table~111.71 shows the weakness of the tin-axial

oxygen bond.

Table:-111.7.

S1. Compuound. Equatorial. Axial, Retf.
no- Sn—ro>0  Sp----0
1. Ph38n£02006H4(N2R1*93 2.070 Z2.463 36
(R = 2-hdroxy S-methyl
phenyl) '
2. PhSSn(ONPhCOPhF 2.081 2,308 -
HegSn{DNPhCDPh) tmoi-1)y 2.064 2,382 sy
(mol-~2} 2,182 2.263
4, PhasnIOCPhCHPhDW 2,084 2.276 ’s
5. Ph Snfl0 CC H ¥R/ INR_} 1
3 2 G 4 2
IR = OMe{-a1} .54 2,781 a7

NRZ = NH2{~QI 2.043 2.823 38
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On the basis of analogous line of reasoning, it may be
inferred that in the monomefic.forms of the triorganontin esters of
PvH and PPvH in soclution phase, the change in hybridisation from
spsd2 .toctahedralk to spgd (trigonat bipyramidal}? brings in a

reorientation of the groups in such a way that the

intramolecularly donating ketonic oxygen atom and a R group occupy

axjial positions. The resulting structure, with cis-disposition of

R groups, in the solution phase, is shown below.

VIII

This change is expected to lower the strength of the Sn <{—D0

(keto) bond, which is reflected in the rise of ths Lo fragueancy

in going from soitid phase (octahadral geometry) to solution
{trigonatl bipyramidal geometry)f

From the foregoing discussion it is clear that ¢the keto
-group in BFH is not involved in intramolecular coordination and

thus behave differently from that of the other acids. This may,
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probably, be due to steric as wel! as slectronic reasons arising
out of .thg presence, on the ketonic carbon atom in BFH, of a
phenyl group. The delocatisation of the n electrons of C=0 with
the pheny! group is certain to diminish the slactron density at
the oxygen atom comparéd te that in the other cases, thereby,
making intramolecular coordination unfavouable.

The values of the field effect {(Taft's) constants for the
three R' groups, [CH9 {-0,05}, PhCH2 E0.0#); and Ph (0,1} of the
carboxylic acids R'COCOOH wused, elearly indicates that the
bagicity of the keto group is highest in CHSCDCDDH {PvH) and
lowest in PhCOCCOH (BFH), While the Ph group acts as an electron
withdrawing group in PhCOCDOH, the electron releasing CHB group
sufficiently enhances electron density at the ketonic oxygen atom
in CHSCDCDDH making it cabable of coordinating to sﬁitable

electrophiltas.

IX

This is in-agreement with the observation that FvH can form not
only intramoiecutarly wcocrdinated carboxyliates, but alsg, addition
complexes. For PPvH the situation is expected to be intermediate
between that of PvH and BFH. This is raflected in the fact that

FPFvH, in addition to forming intramolecularly caordinated
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cgarboxylates, forms an addition complex with iBugSn}zD, whose

donor strength is the highest among the oxo-organotin compounds

used.
{iii) Elscﬁronic Absorption Speectra

The @-ketoc acids, being dicarboanyl systems, are esxpected to
show n-n* transition at wavelengths well above 300 nﬁ, in addition
to the n-n* band which 1is sgxpected &t ogcur at wmuch lower
wavelength. As discugssed eariisr, the €O group in thesgse acids
plays an extremsly important rois in the formation of their
organotin derivatives. Any involvement of the COD group must resuit
in ﬁppreciable changes in either the position or intensity or
both, of the n-m band in these compounds. While in the simple
carboxylate compeounds like organotin formate or acetate etc., the
n-n" transition ocours at a much lower wavelength, approximately
at aroend 200 nam, and is, therefore, of tittle help in the
eglucidation ef the structure of the organotin carboxylate, the
present group of ligands offer a scope for studying the n—n*
spectra of the free acids and their organotin ~derivatives
vis-a-vis the role of the CO group in determining the structure of
the carboxyliates.

The electronic spectra of the keto acids in CCl4 shows a
weak band (£ ~ 10-80) at around 350-380 nm in addition to strong

absorptions below 260 nm. The large hypsothamic shift of this
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band in polar solvent, e.g., methanot, its low molar absorbance
and the presence of wvibrational! structures in’ the spectra in
non-polar solveants help to identify this band as dus +to n—n*
transition. The position of the n-n* band in the d;fferent acids
arg shown in table-11l1.8. and some of the specira are presented in
figures I111,.15-111.26.

In the organcotin esters of pyruvic acid (PvH)! and phenyl
pyruyic acid (PPvH) the n-n transition bands suffer very large
hypsochromic shift, .dAndicating the stabilisation of the n-orbital
O stann&lation {cf. hypsochromic shift in MeOH)., This, clesarly
indicates the participation of the carbonyl group in
intramolecular coordination, which stabilises the fone pair
thereby incrzasing the n-n" transition anargy. The magnitude of
the blue shift could be used as a measure of the strength of
binding by the carbonyl! group. Unfortunately, the n—n* bands in
the organotin esters often get superimposed witﬁ the ﬂ*ﬂ*
transition bands making it difficult to determine the position of
the n*n* transition precisely in the organotin'derivatihea.

In the {riorganctin esters of benzoyl formic acid (BFH]),
however, there is practically no change in the position, as well
as, molar extinction of the n-n* transition band in.comparison to
the free acid. This shows the pressnce of non-intsracting ksto

group  in these compounds, corroborating the inference already
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Table:-111.8.

Compounds., n*n* poaks (am) € n—g peaks (nmi Kemarks
in CCl4 Sol. in MelH Sol.

CHSCOCDDH 370, 350, g9, 13 330
335{sh) ' _

PthnDCUCDCH3 No peak above 300 280{sh}, 275 Carbony! gr.
nm. Inflection at interacts.
290nm.

BUBSHDCDCDCH3 No peak above 300 <280 -
nm.

Bz _SnOCOCOCH Inflection at 326 280 -
nm.

PhCHECOCDDH - 385, 388 16.5, 23 345, 330, 300D
306

PhSSnOCOCDCHZPh 310, 286 . 320(sh), 304 -

BuSSnDCDCOCHzPh 320(sh?, 320(sh), 302 s s
306, 284 - 288

Bz _SnOCOCOCH Ph 330, 310 ' 280 -

PHCOCODH 393, 375 86, 83 348, 338, 282(sh)

.PthnGCGCGPh 385, 375, 58, 71 345, 335 7 _ No CO
380 75 280 interaction

Bu_SnOCOCOPh 395, 375 345, 3357 .

_ 280, 270
BzaSnUCUCOPh 395, 378 345, 335 ‘ s s

sh-shouider,
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drawn from their iR spectira.

The =nr-n  transitions of the carbanyl group in these
organctin egters, occurring below 280 nm; are masked by the
absorption.bands of the Ph-ring , and therefure, provides little
structural information.
tiv) 'H NMR spacltra ¢

The Y MMR spactra of-iha osrganntin keto carboxylates in
CDCL3 against the internal standafd TMS (tabie-I11.9.) are
canéistent with the structures assigned to them on-the basis of IR
and electronic spectrat data. All the keto carboxylates exhibited
expected peak multiplicities and intensities. Some of the spectra
are shown in figures {11.34~111,38.

Data from table-ill.9. shows that the CH3 protons in free
prruvic acid {CHBCOCOGH) appearing at & 2.568ppm is only slightily
shislded in ethyl pyruvate., But in ths organotin pyruvates the
CHg protons are considerably §hielded due to the essentially polar
nature of the 5n—0 bond. The deshielding of the CHS prdtons by
the adjacent C=0 group is lowered due to the participation of tﬁe
C=0 group in intra&olecular coordination. Hence, in all these
compounds the CHB protons appear at sufficiently high field,

The signails fer the resonances of the wmethyl and the
me£hylene protons of the alkyl droups attaqhed to-tin appear in

the Same regions as reported for similar organotin
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Table:-111.9

Compounds., FPeak position (& ppm! and assignments

GHgGBGQOH 2,56, (s}, CHQ: 8.64, {(s), COBGH.

(PvH) . _

' PvEt 1.22-1.48, (t), CH_(Et); 2.5, (s), CH, {Pu);
4.13~4.5, (q), CH (Et), S

Pthan 2.13, (s}, 3H, CHBKFU): 7.42-7.5, (m} and
7.68, {(m), 15H, aromatic,

BUQSQPV 0.843-0.818, (t), (J 7.2Hz}), SH, CHS{Bu}:

1.142-1.355, (m}, 15H, CHZ{EU} and CHavai;
1.526~-1.618, {(m}, GH, Sn-CHz.

Bqun(Pv)2 : 0.834-0.806, (t), {J 7.2ZHz), GH, CHB{BU}:
1.203~1.382, (m), (J 7 Hz}, 8H, CHZ(Bui;
1.61, (s}, GH, CHQ(PUI: 2.415-2,.917, (m), 4H, Sn-CHz.

FhCOCOOH ' 7.34-7.84, {m) and 8B8.04-8.12, {m}, 5H, aromatic;

(BFH) 10.98, (s}, CDOM,
thSnBF 7.35-7.41, (m}, 7.5-7.58, {(m}! and 7.78-7.86, (m)

aromatic.
BUZSn{BF)z 0.89-0.86, (t}, {J 7 Hz), GH, CHQ{EU};
1.38-1.5, (m}), (I 8 Hz), 4H, Sn—CHz;
1.68-1.92, (m}), 8H, CHztBu); 7.52-7.62, {(m},
7.7~7.78, {(m} and B8.28-8.4%, (d), 10H, aromatic.
HEzSn{BFJz 1.18, lsl{ 64, CHS{HE); 1.82-7,62, (m},

7.7-7.78, {(m) and B.28-8.4, (4}, 10H, aromatic.
UctzSn(BF)z 0.8-0.82, {(t), (J 7 Hzl, GH, CHQ(Dct};

1.1-1.48, {my, 24H, CHz; 1.72-1.9, (m), 4H, Sn—CHz;

7.52-7.82, (m}, 7.7-7.78, (m)} and 8.28-8.4, 10H,

aromatic.
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carboxylates‘a’“.

In the derivatives of ban?oyl formic acid {(PhCOCOOHY, due Lo
fhe combined effect of the ring current and diamagnati& anisotrbpy
of the C=0 ¢group, which remains free, the ring protons are
slightly deshielded and appéar as three separats groups of signals

{meta, para, erthot!.in the region & 7.36-8.4 ppm.

111.3.18. Diorganotin Di-keto carboxylates ERzSn{DCDCDR‘)Z}
The diorganotin darivatives of +Lthe a-keto acids are

similar to their triorganotin analogues in their sotubilities,

{table-[11.2} maiting points {table-ill. 1} and spectroscopic
properties.- For these compobnds also the IR (table-1i1.68A) UV
(table-ff1.10) and "H NMR (table-I1i11.85) spactral data suggest

intramolecutar involvement of the keto group in the darivatives of
PuH and PPvH, while in the derivatives of BFH the keto group
remains free. Representative R, UV and ' NMR spectra of these
compounds are shown in figures 111.10-111, 14, I11.27-111.33 and
111.37-111.38. respeoctively.

i IR spectra :

in ths IR spectra of the diorganctin pyruvates the w» and

C=0

—.‘ . .
vuaDCU appIar at around 1580 em ', while vﬂocoappears at around

1400 cm_t, in the sniid state. For the derivatives of PFvH the

Yoog band occurs at siightly higher frequencies arcund 1820 am b,
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in CHCl9 solution of the pyruvates the Y_a0CD and YVo.p ATe raised
to around 1880 and 1610 cm * raspectively, whi;e vsﬁCD iz slightly
lowered.

These may be.interpreted in terms of the involvement of the
keto group in coordination and a seven coordinate tiﬁ atom having
a distorted pentagonal bipyramidal geometry.in the soiid state,

similar to the poiymeric dimethyltin dipicolihatesg.

This structure requires each molecular unit to be linked to
three adjacent units through the carboxylate groups, which are
most likely to function im the bridging mode, as their bite angle

o .95

(—C< 0 v is small (ca. 55% 1™, Hence, the ketonic C=0 group

should be involved as depicted below.

y 0
R =
é Py n‘\cy,éﬁh ’
<0 O ;\ R
R 0
P \\ —
ic Sn‘\ é .
R~ :bof”'f %%QO” =0
’ R O
i !
C— ’//f AN Cc
y 0 & ) S
AN
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In solution depolymerisafion iag fikety to ococur lgading teo
structurg i1, involving monodentate carboxylate groups.
. ’
R R
O::C”O“H~g ‘e’O::C//
| ' T 1
C:bo./a \ “\O"c:%j
v R
R’

X1

In ths diorganotin derivatives of BFH thas » 'Eraquancy

C=0

appears at 1686 c¢cm ~, i.s., the same as in the free acgid, whsreas,

ang ¥ ’ appear in the regions 16845-1620 em ' and

the aOCO

¥ 250CO.

1375-1365 cm respectivaety. Thersfeore, the keto group is not

inveoived in coordination and this may be due to steric as wel!l as
electronic reasons as envisaged for the +triorganotin benzoyl
formates in section [11.3.%.A. The structures of these compounds

may then be represented as-

| !
R C C
W T P
| 70,0 | ™0 0
R CI: R (I:

Cw. C:
Oﬁp- Ph Oﬁj ~Ph

XII
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In solution the vagOCD and vsGCD frequencies are only siightly

changed and it is likely that chelated carboxylate groups are

present, the keto group remaining free.

Ph\ 0 }|? 0
_L—cZ snl e
o~ ~No— l 0% \Ph'
R
X111
{ii} Electronic Absorption Spectra :

The electronic spectiral data foer the diorganotin ssters of
PvH and PPvH, shown in table-11[.10, indicate that the new bands
of these acids have undergone considerable blue shift on
stannylation’ and appear in the region 300-330 nm in CCI4
solution, As discussed for the triorganotin derivatiueé.this shows
the involvement of the keto group iﬁ coordination. Likewise, in
the derivatives of BFH the n~n* transition bands remain
practically unchanged compared to the free acid, indicating the
presenceg of non-interacting CO group.

. From these observations it can be inferred that the
elgctronic spectra further support the strﬁcturas assigned to thse

diorganotin ketocarboxylates on the basis of IR spectra.
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Table:-111,10.

o S LM W T In R M ST vk W mm W

Electronic_spectral_data_of Diorganotin Keto Carboxylates:
. # * .
Compounds. n-1t peaks {nm!} n-7 peaks (am}
in CCl_ Sol. in Me0H Sol.
PvH 370, 350, 335(sh) 330
Bu Sn(Pv), 340° ' 780
PPvH : 385, 368, 306 345, 330, 300
Bu Sn(PPv), 320, 310, 296 305, 294{sh), 234
Dot Sn(PPv) 320, 290 278
BFH 393, 37%, 360 348, 336, 292(sh}
Bu SniBF1 . 393, 375, 360 360, 280(sh}
Dct SniBF) - 1y
2 2
HezSn{Bsz - 344, 2B0(sh}
Ph S!"I{BF) IR ) 17
4 z

sh~shoulder.

111.31C. Carboxylatc PDiorganotin Hydroxides ERzSn{DCDCDR'FOH] :
This group  af sompaunds eoRsigty of organotin
derivatives of PvH and PPvH, which arsa hydroly;ates of diorganotin
dicarboxylates. These highly polymeric products are obtained by
heating, in benzene of solvant ether, stoichiometric amounts (i:1}
of diorganotin oxide and acid for a few minutes to several hours,
When oxide and acid are taken in 1:2 ratin these products are
obtained along with the dicarboxylates,.
On the basis of anatytical data (téble—l!i.Zl these

compounds can be formulated as RzSn(OCUCOR‘}UH. Onty a few of
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these compounds have well defined melting points, others decompose
at high. temperature. They are soluble’ in polar solvents like
acetone or aicohoil and therefore, are highly polar in nature.
Their IR spectra (table-{{I.6B} are characterised by the
presence of broad bands below 3420 cm =, which are well bsiow

similar bands in the free acids. This bands should be attributed
to OH groups which are either strongly hydrogen bonded or involved

in intermolecular coordination. {(Some typical IR spectra are given

in figures 111.40-111.44.).

Takle:-111.6B,.

—— o e B e — e — ——— e e o R A e e e e e e e - -

i;: Compound Yon Ye=0  Yas0CO  YeOCO

L. BuSn(Pv)OH 3420- 3380 1770 1605° 1412

2. Oct Sn(Fv)OH . 1775 1604° 1412

3. Me,Sn(Fv)OH 3400-3300 1780 1660" 1385

4. thsﬂﬁpvaou - 1770 1800° 1452

5. Bu,Sn{FPv)OH 3260° 1684 1652 1432
1630

8. Oct Sn(FPvIOH 3254° 1700 1653 1400
1585 '

7. Me SniFPv)OH 3260° 1745° 1670 1405
1605

8. Fh_Sn(PFv)OH 3375° 1676 1612 1408

O R R S R R s e e e e e e e e e e e e e e ]

b-broad.
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Ancther pecullarity of these compounds is the ocourrence of

the » bands at much dlevated frequency comparf2d to the fre=

c=0
agids, viz,, around 1770 cm ™t ang 1700 cm_i for the derivatives of
PvH and PPvH respectively. These indicate the presence of free
keto group comparable to the triorganotin derivatives of p-keto

carboxylic acids investigated by KumarDas et.ai.40

The asymmetric
and symmetric carboxyl stiretching bands of these compounds appegar
in the region 1660-1800 cm & and 1430-1400 cm = respectively, in
the solid state. These can be interpreted by assuming the presence
of either, {a) hydrogen bonded carboxylate groups, invotlving
trigonél bipyramidal tin atom gecmetry having the R groups above
and below the equatorial piane of three 0 &atoms as shown in
structure ¥IV/XV below- or, {b}! a bidentate carboxylate group
inveolving G—coordina?e tin atoms as shown iﬁ structure XV! below,

with the R groupg occupying meridional pogitions as in the

H-bonded structure XV,

R R
I/O"H‘. ‘ O"H R
C—Sn"... 0 ST J_/
) . O_Sﬂ- . : S
| N 0 o—=SnT...
R g ,,% 7 f
AN & R
R” O e
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Ox. R O‘:*"‘C/R,
| |
C
- N
R\ ij o ¢ Y.
H R '

Sn —07 \Sl O/H
O f wnol R sl —
S S o

\ 0" 0
C}/’
C/
@ \r*
XV

The structures ¥V and XVl differ gnly slightly because one can be
easily converted into the other by the simple rotation of the

carboxvlate moiety through 1800 about the Sn—0 (ester) bond.
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The probable goursa of the reaction betwsen diorganctin
oxides and keto anids leading to the formation of the carboxylato
diorganotin hydroxidaes may bs represented as followa:

-2RHOR o +HAOH
2 R SnO + 4 HOCOCOR'* ———> 2 R_Sn{OCOCOR') pJ
z 2 z -2 R’COQCQOR

+ROH

{R‘CDCDDIRZSHDSHRZ{DCDCUR'i - ~ 2 RzSn{UCUCDR‘)DH
“HOH

i1t is also possibie that the oxide and acid react directiy to

produce RZSn{DCDCDR’)DH

RZSnD + HOCOCOR' — — RZSn{DCDCUR')GH
Apart from their reactions with PhZSHD. the keto =zacids produced
th(DCDCDR‘]DH from their reaction with {FhSSn}zD also, probably

through ths c¢leavags of Fh-Sn bond, to be discussed in the next

chapter.

Iit32. Conclusion

On the basis of speciroscopic evidences {1t can Dbe
inferred that the course of reaction bstwsan the a«-kato acids and
organcstannoxanes is determined primarily by the natﬁre aof the
R'COCO0 moisty and depending on the R' group, intrs moigcuiarly

coordinated organotin carboxylate derivatives may be formed in

Some CaSes.
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Spectroscopic data suggest that, in some of the keto
carboxylates, the tin atom has appafently attained a coordination
number of six through involvement of the carboxyl moiety in both

inter and intra wmolecular coordination.
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