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A PREFACE TO THE STRUCTURAL STUDIES OF THE 

1:1 ORGANOTIN(IV) CHLORIDE COMPLEXES WITH OXYGEN DONOR LIGANDS

The second sec t ion  o f  the d i s s e r t a t i o n  deals  with  the X-ray 

c ry s ta l  and molecular  s t r u c t u r e s  o f  the 1:1 organot in (IV) ch lor ide  com

plexes with o)^gen donor l igands .  The i n i t i a l  ide a  f o r  t h i s  s e r i e s  o f  

in v e s t ig a t io n s  o r ig in a te d  with ny M.Sc. work with P ro fe s so r  V.G. Kumar 

Das o f  the Univers i ty  o f  Malaya, Kuala Lumpur, Malaysia,  and i t  arose 

from our s tud ie s  o f  complexes o f  organotin(IV) ch lo r id e s .  The product 

i s o l a t e d  from the r eac t ion  o f  dimethyltin(IV) d ic h lo r id e  with diphenyl-  

cyclop ropenone has a 1:1 s to ich iometry .  The formation o f  a 1:1 adduct 

was a sc r ibed  to  the f a c t  t h a t  the l igand was a weak base toward t i n ;  the 

t i n  in  the adduct would not  be a s u f f i c i e n t l y  s t rong  Lewis ac id  to  c o ith  

plex  another  mole o f  the base .  At the time o f  the r e p o r t  (1978),  only 

one o th e r  o the r  1:1 adduct  had been s t r u c t u r a l l y  c h a ra c te r i zed .  The 

Mossbauer p a r t i a l  quadrupole s p l i t t i n g  of  the complex with  diphenyl- 

cyclop ropenone suggested  a t r ig o n a l  bipyramidal geometry fo r  the t i n ,  

with the owgen atom o f  the  l igand and one of  the ch lo r ide  atoms a t  the 

ap ica l  p o s i t i o n s .  A s i m i l a r  geometry was s a i d  t o  be adopted by the 

known s a l i cylaldehyde complex.

In the spr ing  o f  1981, P rofessor  van der  Helm o f fe red  a course on 

X-ray c rys ta l log raphy .  Data on (CH3)2SnCl2 ’ 0=CC2 (CgHg)2 were c o l lec ted  

by h i s  pos t -doc to ra l  research a s s o c i a t e s ,  Drs. C.L. Barnes and M.B.
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and Hossain and P ro fesso r  Zuckerman, a paper  was prepared by us fo r  

p u b l i c a t i o n .  The s t r u c t u r e  would have had been the second s t r u c t u r a l  

r epor t  in the l i t e r a t u r e  o f  a monomeric 1:1 R^SnXg adduct.

P ro fe s so r  van der  Helm was kind enough to  co l labo ra te  on another  

s t r u c t u r a l  i n v e s t ig a t io n  on y e t  ano ther  1:1 complex, (CH3)2SnCl2*2 ,6- 

’ l a t e r  t h a t  y e a r .  Data co l lec t io n  was undertaken by Dr. 

Barnes. Since I had acquired  some knowledge on X-ray c ry s ta l lo g ra p h y ,  

the previous method o f  s o l u t i o n ,  i . e . ,  from data  reduction t o  the manual 

lo ca t ion  o f  peaks in the P a t te r son  map to the bu i ld ing  o f  clay models 

( the Ahmed method), was dispensed w i th ,  and the s t r u c t u r e  was so lved ,  

under Dr. Barnes '  guidance,  using the  SHELX program. This method 

lo ca ted  an in te rm o lecu la r  Sn**-Cl b r idge ,  and the conplex tu rned  out to  

be dimeric.  Since t h i s  s t r u c t u r e  and the previous s t r u c t u r e  was r a th e r  

s i m i l a r  in  many r e s p e c t s ,  i n t e rm o lecu la r  d is tances  were looked f o r  again 

in the diphenyl cyclop ropenone complex, and sure  enough, the br idge was 

found. Dr. D.R. Powell a s s i s t e d  with some o f  the computer programs.

Cur ious ly enough, the  Mossbauer po in t-charge approximations t h a t  

were developed by Bancroft ,  ejt. , only p r e d ic t s  the carbon- t in -carbon 

angle in  diorganotin(IV) compounds, and although the  model was developed 

f o r  s ix -c o o rd in a te d  compounds, the ca lc u la t io n s  could a l so  be used fo r  

f ive -c oo rd ina te d  compounds because the con t r ibu t ion  to  the quadrupole 

s p l i t t i n g  by the  l igands i s  assumed t o  be zero.  The app l ica t ion  of  t h i s
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model to  (CgHg)2SnCl2 »2 ,6-(CHg)2CgHgN0 gave a C-Sn-C angle t h a t  was 

r a th e r  close to  the angle t h a t  would be adopted by the two phenyl groups 

in the equa to r ia l  po s i t io n s  o f  a r eg u la r  t r igona l  bipyramid. I t  was 

hoped th a t  t h i s  C-Sn-C angle would not  be opened t o  accomodate the 

chlorine atom of  a neighboring molecule because o f  the s t e r i c  bulk of  the 

aryl  groups,  as i s  th e  case with the dimethylt in(IV)  di ch loride  analogue,  

and th a t  t h i s  complex would be a t r u l y  simple 1:1 adduct.

The data c o l lec t io n  and the s o lu t ion  of  t h i s  s t r u c t u re  along with 

the s t r u c tu re  o f  (CH2) 2SnCl '2 ,6-(CHg)2CgHgN0 was undertaken by Professor  

A.L. Rheingold o f  the Univers i ty  o f  Delaware, Newark, Delaware, and was 

solved by him completely.

This preface the re fo re  acknowledges the co l labo ra to rs  who have 

helped make the s o lu t ion  of  the crys ta l  s t r u c t u r e s  t h a t  follow in th i s  

d i s s e r t a t i o n  poss ib le .
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ABSTRACT

Organotin(IV) carboxyla tes  of  the formula [(CgHg)gP(CH2)2C02SnR2]^

X" where X i s  a ha l ide  or  pseudohalide were prepared through the 

nucleophil ic  displacement o f  the anions in RgSnX compounds by the 

phosphonobetaine (CgHg)gP(CH2)2C02. Double s a l t s ,  [(CgH5 )3P(CH2)2C02SnR3] ’*’ 

[R3SnX2] " ,  were ob ta ined  by adding R^SnX to  the  a l ready formed simple 

s a l t s .  The products  a re  assoc ia ted  m a te r ia l s  with t r ipheny l  phosphonium 

ca t ions .  The non- ionic  phosphinylace ta tes ,  (CgHg)2P(0 )CH2C02SnR3 , were 

synthesized from the  condensation reac t ion  between di phenylphosphi nyl- 

ace t ic  acid  and the  organotin(IV) hydroxide o r  oxide ,  and they are 

weakly a ssoc ia ted  oligomers.  The phosphinyl oxygen i s  coordina ted  to  

the t i n .  The d iorganot in(IV)  de r iva t ive s  a re  s ix -c o o rd in a te d ,  t r a n s -  

octahedra.  In the  case  o f  the r e la ted  s u l f i n y l a c e t a t e s ,

CgH5S(0)CH2C02SnR3 , coordina tion  to  the t i n  takes  place through the 

s u l f i  nyl oxygen when the  R group i s  a l i p h a t i c  and through the 

carboxyl a t e  oxygen when the R group i s  aromat ic .  The much l e s s  basic 

ketonic oxygen in the  2-benzoyl benzoates,  [ 2-CgHgC(0 )CgH^C02]j,SnR^_j^

(n = 1,  2 ) ,  i s  not  involved in coordina tion .  The s t r u c t u r e s  of  a l l  

these d i -  and t r i o rg a n o t in ( IV )  carboxylates were probed by a number of  

spect roscopic techniques  such as NMR, i r ,  Raman, mass and Mossbauer
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spec t roscop ies .  The second h a l f  o f  t h i s  d i s s e r t a t i o n  deals  with the  X- 

ray c ry s ta l  and molecular  s t r u c t u r e s  o f  th e  1:1 adducts o f  diorganotin(IV) 

d ic h lo r ide s  with oxygen donor l i gands .  The dimethylt in(IV) d ic h lo r ide  

complexes with (CgHg)2C2C=0 and 2 , 6-(CHg)2CgHgN0 a re  dimeric in the 

s o l id  s t a t e  with t r a n s - methyl groups.  The diphenylt in( IV)  d ic h lo r ide  

complex with the  l a t t e r  l igand ,  however, i s  monomeric in the s o l id  s t a t e ,  

and i s  a s t r u c t u r a l l y  cha rac te r ized  example of a monomeric 1:1 

R2SnCl2 adduct .  The magnitudes o f  the carbon- t in -carbon angles in 

these  diorganotin(IV) systems a re  found t o  c o r r e l a t e  well with the  

values p red ic ted  by Mossbauer p a r t i a l  quadrupole s p l i t t i n g  c a l c u la t io n s .  

The methyl groups occupy the equa to r ia l  po s i t io n s  in (CH2)gSnCl '2 ,6-
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CHAPTER 1

SOME RECENT DEVELOPMENTS IN THE FIELD 

OF ORGANOTIN CHEMISTRY

In 1950, th e  Organic Chemistry I n s t i t u t e ,  T.N.O., in Utrecht ,  

the Netherlands,  began a program of  research in organot in chemistry in 

coopera t ion with the In te rna t iona l  Tin Research Council and th e  Tin Re

search I n s t i t u t e  in London, England. The program c a l led  f o r  fundamental 

research  in th e  organic chemistry of  t i n .  A search f o r  new and novel 

app l ica t ions  o f  organotin compounds was al so  i n i t i a t e d .  In t h e i r  chemical 

a p p l i c a t io n ,  organot in  compounds f ind  a very wide v a r i e ty  o f  usefulness 

and th e  o r ig in  o f  t h e i r  v e r s a t i l i t y  in such diverse f i e l d s  as in  fungi

c id es ,  b a c t e r io c id e s ,  in s e c t id e s ,  s t a b i l i z e r s  f o r  polyvinyl ch lo r ide ,  

wood p rese rva t ives  and an t i fo u l in g  agents  l i e s  in the  presence o f  the  t i n -  

carbon bond, t h e i r  most important f e a tu r e .  The d i v e r s i t y  o f  a p p l ica t ions  

of  organot in  compounds i s  probably not  surpassed by any o the r  c l a s s  of 

organometal l ic  compounds.

In most of  the  chemical and b io logica l  app l ica t ions  o f  o rganotins ,  

only a small amount o f  the  organotins i s  requi red to  have the des ired  e f 

f e c t ,  i . e . ,  th e  performance-to-weight r a t i o  i s  extremely high.  Further 

more, the  organotin  compounds are ea s i l y  biodegradable by atmospheric

1



agents to  e s s e n t i a l l y  non-toxic t i n  oxide. Thus, i t  i s  no s u r p r i s e  t h a t  

the organotin compounds a re  widely used as a g r i c u l tu r a l  b ioc ides .

Organotin compounds of  th e  type R^SnX and RgSnXg where R i s  an 

organic res idue  and X i s  an anion such as a ha l ide  comprise th e  major por

t ion  of  the  commercial a p p l i c a t i o n s  o f  organotin  compounds. The RSnXg 

compounds a re  used to  a much l e s s e r  degree.  The t e t r a o r g a n o t in  compounds, 

RySn, a re  gene ra l ly  not  used,  but they are the  important s t a r t i n g  mater

i a l s  in th e  syn thes is  o f  the  o th e r  organotin d e r iv a t iv e s .  The c l a s s i c a l  

Grignard reagents  a re  used in th e  preparat ion of  the  t e t r a o r g a n o t in s  pro

vided the  s u b s t i t u e n t s  in th e  organ ic  groups do not i n t e r a c t  with the  

organomagnesium compounds:

SnCl^ + 4RMgXR^Sn + 4MgXCl (1.1)

Organoaluminums are  a l so  used i n d u s t r i a l l y ,  and a base i s  r equ i red  to  ab

sorb the  aluminum c h lo r id e  t h a t  i s  l i b e r a te d :

3SnCl^ + 4R3AI ^  3R^Sn + 4AICI3 (1.2)

The Wiirtz process i s  r a t h e r  i n e f f i c i e n t  because expensive sodium i s  l o s t :

SnCl^ + 8Na + 4RC1 R^Sn + 8NaCl (1.3)

A second, d i s p ro p o r t i o n a t io n  r e a c t io n ,  is  necessary to  conver t  the  t e t r a 

organotins t o  th e  de s i r ed  t r i o r g a n o - ,  diorgano- or  monoorganotin(IV) 

ch lo r ides :



R^Sn + SnCl^ -> R^SnCl + RgSnClg + RSnClg (1 .4)

In th e  l a bo ra to ry ,  the  t in -ca rbon  bond can be formed by o the r  

means. In t h e  d i r e c t  syn thes is  method, an alkyl ha l ide  o x id a t iv e ly  adds 

to m e ta l l i c  t i n  or  a t i n ( I I )  ha l ide :

Sn° + 2RX + RgSnXg (1.5)

SnXg + RX + RSnXg (1 .6)

The metal in l i th iu m -  and sodium-tin compounds can be exchanged f o r  an 

organic group:

RgSnM + R'X ^  RgSnR' + MX M = Li ,  Na (1.7)

The organotin  hydrides a re  extremely v e r s a t i l e  reagents  which can add

anti-Markovnikov across carbon-carbon double and t r i p l e  bonds:

RgSnH + CH2=CHR' 4. RgSnCHgCHgR' (1.8)

RgSnH + CH=CR' R3SnCH=CHR' (1.9)

Perhaps th e  most i n t r ig u in g  syn thes i s  i s  t h e  Akzo process ,  to  be discussed 

in a l a t e r  s e c t i o n ,  in which t r a n s i e n t  chlorostannanes a re  r eac ted  with 

o le f in s  a c t i v a t e d  by s u b s t i t u e n t s  on the double bond.

Many advances have taken place  during the pas t  th ree  decades. I t  

i s  impossible t o  discuss these  in  any degree of  depth. Many o f  the recen t  

developments have already been covered in o th e r  reviews. The top ic s  t h a t



follow appear to  be the most s i g n i f i c a n t  developements t h i s  one decade.

The Tin-Tin Double Bond

N,N-BisCtr irae thylsi ly l)aminotinClI )  i s  a t i n ( I I )  d e r iv a t iv e  which

i s  s t a b l e .  I t  i s  prepared from the  l i th ioam ina t ion  o f  t i n ( I I )  ch lo r ide ;  

1, 2

ZCfCHgjgSilgNLi + SnClg ^  {[(CHg)gSi]gN}2Sn + LiCl (1.10)

The red co lo r  of  t h i s  mater ia l  c o n t r a s t s  with the co lo r  o f  o rgan o t in ( I I )  

compounds, which are genera l ly  no t  in t e n s e ly  c o l o r e d . T h e  compound i s
5

monomeric in  s o lu t io n  and th e  N-Sn-N angle as determined by e l e c t ro n  

d i f f r a c t i o n  i s  96°.® The i s o e l e c t r o n i c  compound, {[(CHglgSiJgCHlgSn, i s
o 2

b r i c k - r e d ,  and i t  i s  a dimer with a t i n - t i n  bond dis tance  o f  2.764 A.

This d is ta nce  i s  in te rm edia te  between the  covalent  rad i i  o f  s in g ly  and
o -j

doubly bonded t i n  (2.60 and 2.80 A) as p red ic ted  by Pauling.  The dimer 

i s  thought to  be formed by the pa i rw ise  overlap o f  the f i l l e d  non

bonding o r b i t a l  o f  one monomeric u n i t  with the empty o r b i t a l  o f  the
2

o the r  monomeric u n i t .  Although the CH group i s  i s o e l e c t r o n i c  with a

n it rogen  atom, the lone p a i r  i s  absen t  and consequently,  the o r ig in  of

the co lo r  o f  t h i s  mater ia l  connot a r i s e  from the i n t e r a c t i o n  between the

e l e c t ro n s  on carbon with the empty o r b i t a l s  on t i n .  The bond i s  termed

a "ben t  double bond". I n t e r e s t i n g l y ,  the s t r u c t u r e  o f  t e t r a k i s [ b i s -

( t r i m e th y l s i l y l m e th y l ) t i n ( I V ) ]  i s  a v a i l a b l e  fo r  comparison. I t  i s  a

white s o l i d  t h a t  changes t o  a dark yel low co lo r  on hea t ing ,  and the

change i s  r e v e r s ib l e .  The conpound i s  a t e t r a m e r ic  organotin compound
° R

with t i n - t i n  s in g le  bonds o f  leng th  2.834 and 2.839 A,



The t i n - t i n  bond in b i s [ b i s ( t r i m e t h y l s i1 y 1 ) m e t h y l t i n ( I I ) ] should be

viewed as a t r u e  double bond in l i g h t  of  the r ece n t  discovery of  the s i l i -

co n - s i l i c o n  double bond. Organosil icon chemists have been at tempting to

synthes ize  the  d i s i l e n e s  f o r  more than s ix ty  y e a r s .  The bond in t e t r a -
° 9 10k i s m e s i ty ld i s i l e n e  i s  2.17 A. ’ The cha l lenge  of  the germanium-

germanium double bond i s  wai t ing  to  be taken up, and t h i s  type of  bond i s

shown by spec troscop ic  means to  be p resen t  in te trak is (dimethylphenyl  ) -

digermene.^^ Both t h i s  compound and the  s i l i c o n  analogue,  t e t r a k i s ( 2 , 6 -

d im ethy lpheny l )d is i l ene ,  could be prepared from the  hexakis(2, 6-dimethyl-
11 12p h e n y l )c y c lo t r i s i l a n e  and -germane. ’ The doubly bonded organometal- 

l i c  d e r iv a t iv e s  of  the  Group IVb elements a l so  await  the  synthes is  of  

the corresponding cyclotr iplumbane to  complete the  s e r i e s  of  Group IVb 

metal-metal double bonds.

The Elusive Chlorostannanes,  HSnCl^ and HpSnClo

Organotin(IV) hydrides are v e r s a t i l e  reagen ts  which form pa r t  of

the fundamental chemistry t h a t  was developed in Utrecht .  Tin-carbon bonds

are formed by the  r e a c t io n  of  the organotin hydrides R^SnH and RgSnHg with

double or  t r i p l e  bonds, and the addit ion  i s  commonly re fe r r ed  to  as the

hydrostannat ion r e a c t io n .  This theme has been d iscussed in an exce l len t  
13review, and s i m i l a r  mate r ia l  w i l l  no t  be mentioned. The chlorostannanes 

are  most i n t r ig u in g  s ince  they would t h e o r e t i c a l l y  be the precursors to 

the more d e s i r a b l e  organotin(IV) ha l ides  in a one-s tep  synthes is  which 

would e l im ina te  th e  need f o r  a second d i s p ropo r t iona t ion  between the t e t r a 

organotins  and t in ( IV )  ch loride .

This idea i s  the bas is  for  the Azko process developed in England.

The o l e f i n  must be a c t iv a t e d  by a s u b s t i tu e n t  placed on the double bond.



The chlorostannanes are prepared by pass ing  hydrogen ch loride  gas in to  

an e t h e r  s l u r r y  o f  m e ta l l i c  t i n  or  t i n ( I I )  ch lo r id e ,  and by th i s  r o u t e , 

a number o f  C-2 s u b s t i t u t e d  e th y l t i n ( IV )  ha l ides  have been prepared.

C = C + HSnClg -»■ - i — Ç— SnClj (1.11)

2 C = C + HgSnClg - Ç — è ) 2-SnCl2 (1.12)

The Coordination Chemistry of  the D io rqanotin ( I I )  Compounds

The R2Sn compounds rep resen t  a c l a ss  o f  compounds which,  by the 

presence o f  the lone p a i r ,  would be e j e c t e d  to  behave as Lewis bases.

The ino rgan ic  chemistry o f  t i n ( I I )  de r iva t ive s  has been well -deve loped ,  

but the re  a re  few fu l l y  charac te r ized  d io rg a n o t in ( I I )  d e r iv a t iv e s .  The 

R2Sn formulat ions fr equen t ly  encountered in the  o ld e r  l i t e r a t u r e  should
1 n

be reformula ted  as l i n e a r  o r  cyc l i c  ol igomers,  (I^Sn)^.  The t ru e  R2Sn 

compounds f a l l  i n t o  four c l a s s e s ,  the a -  and w-bonded ty p e s ,  and the 

p h e n y l t i n ( I I )  de r iv a t iv e s  whose conversion t o  t in ( IV)  compounds i s  

i n h i b i t e d  by 2 ,6- s u b s t i t u e n t s  on the r ing  which e i t h e r  coordinate to  the 

t i n  or  prevent  ano ther  t i n  from coming too c lo se .  In the n-bonded

compomds, the bonding i s  s i m i l a r  to  the pentahapto bonding in t e r a c t io n s

found in the cyclopentadienyl  complexes o f  t r a n s i t i o n  metal chemistry.

The t r a n s i t i o n  metal complexes o f  the R2Sn compounds are i n t e r e s t 

ing from a s t r u c t u r a l  po in t  o f  view because o f  the e n e r g e t i c a l ly  

acces s ib le  empty ^ - o r b i t a l s  o f  the t r a n s i t i o n  meta l .  The bond can be 

envisaged as a a-bond i n i t i a l l y  formed by donation o f  the lone p a i r  o f  

the t i n  t o  the empty ^ - o r b i t a l  o f  the t r a n s i t i o n  metal fol lowed by a 

back donation of  the f i l l e d  d - o r b i t a l s  o f  the l a t t e r  to  the vacant d- o r



2, -o rb i ta l s  o f  the t i n .  The ine ta l - t in  coordina te bond possesses some 

double-bond ch a ra c te r  and consequently w i l l  be s h o r t e r  than metal t i n  

s in g le  bonds.

The organostannylene conplejces can be synthes ized  from e i t h e r  the 

d iv a len t  R2Sn d e r iv a t iv e s  o r  the t e t r a v a l e n t  RgSnXg compounds. The 

bonding can be compared to the analogous carbene complexes but  unlike 

them, the vacant ^ r o r b i t a l  on the  t i n  i s  f u r t h e r  able to  accept  another  

mole o f  a base:

B:^Sn:->-ML_
R "

The X-ray s t r u c t u r e  o f  {[(CHg)2S i ] 2CH}2Cr(C0)g shows t h a t  the 

geometry around the  t i n  i s  t r i g o n a l  p la n a r  and the t in-chromium dis tance
O

o f  2,562 A i s  taken to  mean t h a t  the re  i s  a s u b s tan t i a l  degree o f  back
19donation from the chromium to  the t i n .  In c o n t r a s t ,  the complex 

Bu2Sn(py);Cr(CO)g i s  b a s e - s t a b i l i z e d ,  and the  chromium cannot p a r t i c i 

pa te  in back bonding because the vacant  ^ - o r b i t a l  o f  t i n  i s  now f i l l e d

by the  py r id ine  l igand .  The t in-chromium dis tance  i s  now considerably 
o 2(1

longer,  a t  2.654 A.

The base-adducts  can be r ep resen ted  by two forms:

■ ^ R t i i ” R T T
B— Sn '̂'-— M(CO)c B:-^Sn^VM(CO)(-

R ^ R ^

( I )  ( I I )

The f i r s t  formulat ion ( I )  i s  a y l i d e  and formulation ( I I )  i s  a carbene
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type complex. The two formula t ions  d i f f e r  in th e  oxida tion s t a t e s  o f  the

t i n  atom. Happily,  they can be d i f f e r e n t i a t e d  by noting the  isomer s h i f t s
21

in the  Mossbauer spec t ra ;  they f a l l  in  the range fo r  t i n ( IV)  compounds.

The two f a c t o r s  t h a t  al low f o r  t h e  ex i s t ence  of  s t a b l e  diorgano- 

t i n ( I I )  compounds a re  s t e r i c  and coord ina tion  f a c t o r s .  The simple phenyl- 

t i n ( I I ) ' s  a re  ol igomeric,  but t h e  use of  t r i f luoromethy l  groups accounted 

f o r  t h e  successful  i s o la t io n  of  b i s ( 2 ,6- t r i f l u o r o m e t h y l ) t i n ( 11) ,  as shown 

by the  Mossbauer data. The l i th iu m  s a l t  o f  2,4,6-tr imethoxybenzene 

r e a c t s  with t i n ( I I )  ch lo r ide  to  give 2 , 4 , 6- t r imethoxyphenylt in(11) ch lo r 

ide ,  and coordina tion by the  e therea l  oxygen to  the  t i n  was confirmed by
22a comparison of  the  in f ra red  spectrum with t h a t  o f  the  s t a r t i n g  m a te r i a l .

Five-coordinated Tet raorqanotin(IV)  Compounds

The h ighes t  coordination number fo r  t r io rg an o t in ( IV )  compounds i s

f i v e ,  and al though higher coord ina tion  numbers have been suggested f o r

some o f  the se  d e r iv a t iv e s ,  none has been so f a r  au then t ica ted  s t r u c t u r a l 
es 24

l y .  ’ In the case o f  the .o rganot in ( IV)  h a l i d e s ,  the t r io rgano t in ( IV )  

h a l id e s  a re  weaker Lewis ac ids  than th e  corresponding diorganotin(IV) d i 

ha l ides  which in turn  are weaker ac ids  compared to  the  monoorganotin(IV) 

t r i h a l i d e s .  The FySn compounds are e s s e n t i a l l y  devoid of  any Lewis ac id i ty  

whereas the SnX^ hal ides  are hard  Lewis ac ids.

The only r epo r t  of  a f ive -c oo rd ina te d  te t rao rgano t in ( IV )  spec ies  ap

pears to  be the  l i th ium and tha l l ium  s a l t s  o f  1 , l - b i s (n ^ -c y c lo p e n ta d ie n y l )- 

1-bromo-2, 3 , 4 , 5 - te t raphenyls tannole  and the l i th ium  s a l t  o f  the iodo ana

logue.  The m a te r ia l s  could be prepared by adding cyc lopentadienyl l i th ium 

to  t h e  1 , 1-d iha lo te t rapheny ls tanno le :



Ph

Ph

SnXo + 2LiCp Sn— X Li + LiX (1.13)

The bromo d e r i v a t i v e  i s  reported  to  be a c r y s t a l l i n e  s o l i d ,  but 

r a th e r  un fo r tu n a te ly ,  a s t r u c t u r a l  in v e s t ig a t io n  o f  t h i s  very unusual 

compound has not been made. The s a l i e n t  f e a t u r e s  of  the  s tannoles  a re :  

they are  1:1 e l e c t r o l y t e s  and the  two resonances of  the  cyclopentadienyl  

group co l lapse  in to  a s ing le  peak in the NMR a t  e leva ted  tempera tures .

The R^SnX species i s  descr ibed  as an anion with "pseudoro ta t ing  a x i a l -  

and e q u a to r i a l - f l u x io n a l  -cyclopentadienyl  groups".

The prepara t ion  o f  the  precursor ,  th e  hexaphenylstannole,  i s  a 

n o n - t r i v i a l  t a sk  and pa r t  o f  the  reason i s  because the  l i t h i a t i o n  o f  d i 

phenyl ace ty lene  i s  a f r e e - r a d i c a l  r eac t io n  which i s  s t i l l  not  w el l -

understood.  The two double bonds p resen t  in the product  are in a
26c i s - , c i s - conformation.  Diphenylt in(IV) d i c h lo r id e  i s  then added to

give the  r ing  compound, but th e  y i e ld s  appear to be v a r i a b l e . The
32l ig h t -y e l lo w  s tannole  i s  f lu o re s c e n t .  The bromination s tep  to  give the  

dibromide or  d i io d id e  i s  r epor ted  to  be q u a n t i t a t i v e ,  but i t  i s  not c l e a r  

what causes the cleavage process to take an a l t e r n a t i v e  course to  y ie ld  

the  open compound, Br(CgH5 )C=C(CgHg)-(CgHg)C=C(CgH5 )Sn(CgHg)Br2 .

Stab le  T i n ( I I I )  Radicals  

Radicals t h a t  conta in  the  Group IVb elements a re  o f  i n t e r e s t  be

cause t h e i r  p ro p e r t i e s  can be d i r e c t l y  compared with those o f  the  f a m i l i a r
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ra d ic a l s  of  carbon compounds. The simple RgSn- r a d i c a l s  a re  not expected

to be s t a b l e ,  but the presence o f  s t e r i c a l l y  bulky groups such as the

tr imethyl  s i l y l  group i s  expected to  confer  a degree of  k in e t i c  s t a b i l i t y .

Photolysis  of  ]2CH>2Sn}2 r e s u l t s  in  the  formation of the

centered rad ica l  {[(CHglgSijgCHlgSn» which i s  r e l a t i v e l y  l o n g - l i v e d . T h e

is o e lec t ro n ic  rad ica l  {[(CHg)gSi]2N}2Sn" i s  a l so  prepared in the  same 
35manner. However, the  t r im es i ty l s tanny l  rad ica l  i s  not as s t a b l e ,  dem

on s t r a t in g  the  f a c t  t h a t  while s t e r i c  f a c to r s  prevent  d im er iza t ion ,  e l e c 

t ro n i c  f a c to r s  account f o r  the  thermodynamic s t a b i l i t y  of  the  o rg an o t in ( I I I )  

r a d i c a l s .

Direct  Synthesis  o f  Organotin(IV) Compounds

The d i r e c t  syn thes is  of  organotin compounds from m e ta l l i c  t i n  and

the  organic ha l ide has tremendous indus t r ia l  po ten t ia l  and in f a c t ,  the

f i r s t  organotin compound was prepared by heating ethyl  iodide with t i n  
37metal .  The Akzo process has been mentioned e a r l i e r .  In the  d i r e c t  

s y n th es i s ,  t h e  product i s  th e  organotin(IV) h a l id e ,  and, th e r e f o r e ,  the 

d ispropor t ionation  to  the des i red  R^SnX^_^ i s  e l im ina ted .  Benzyl ch loride 

and t i n  powder suspended in bo il ing  water gives t r i b e n z y l t in ( IV )  ch lo r 

ide and i f  th e  r eac t io n  i s  c a r r i e d  out in bo i l ing  to luene ,  the  product
38

is  d ibenzylt in( IV)  d ic h lo r id e .  In genera l ,  the  d i r e c t  syn thes is  r e 

quires some s o r t  o f  a c a t a l y s t .  Because d io c ty l t in ( IV )  d e r iv a t iv e s  are 

used in the s t a b i l i z a t i o n  of  PVC, some a t ten t ion  has been d i rec ted  to 

the  d i r e c t  synthes is  o f  d io c ty l t in ( IV )  d ih a l id e s .  Octyl bromide reac t s  

with t i n  metal in hexamethylphosphoramide ca ta lyzed  by copper( I)  iodide 

to give the  d io c ty l t in ( IV )  dibromide adduct with HMPA which can then be



n

hydrolyzed to  the oxide.  A c id i f i ca t ion  o f  the oxide with various acids
39gives the des i red  compounds. A l t e rn a t iv e ly ,  amines can be used to

40catalyze the process.

C yc lopen tad ieny l t in ( I I )  Cations 

The s t r u c t u r e s  of  two cy c lo p en ta d ien y l t in ( I I )  ca t ions  are knwon, 

and t h e i r  f ea tu res  can be con t ra s ted  with those o f  the Tr-bonded dicyclo-  

p e n ta d i e n y l t i n ( I I )  compounds. The gas phase e l e c t ro n  d i f f r a c t i o n  o f  

Cp2Sn gives a Cp-Sn-Cp angle o f  1 2 5 ° , but  t h i s  material  i s  a l so  

monomeric in the condensed phase,  in which case the cen t ro id  angles o f  

the two independent molecules are 143.7 and 148.0°.^^ The compound i s  

a Lewis base.  When one o f  the r ings i s  removed, however, one bonding 

s i t e  i s  ava i lab le  and the monoorganotin(II)  cat ion behaves as a Lewis 

ac id ,  l i k e  the t e t r a v a l e n t  organotins .  Compounds o f  the formula 

( C H g ) g C g S n V  ( X ‘  =  A I C I 4 " ,  B F ^ " ,  C F g C O g " ,  C C l g C O g " ,  C F g S O g " * ^ " * ^ )  ^ ^ e  

known. The cat ion i s  s t a b l e  because the very weakly n u c l e o p h i l i c  anions 

do not  i n t e r a c t  with the p o s i t i v e  charge. Treatment of  the  CF^SOg" 

de r iva t ive  with pyr id ine  y i e l d s  (CH2)2CgSn:py^CFgS0g".^^ The s o - c a l l e d  

"BFg adduct o f  stannacene" i s  a t r i s c y c lo p e n t a d ie n y l d i t i n  ca t io n .* ^

These wonderful top ics  are considered to  be the more s i g n i f i c a n t  

developments in the  f i e l d  of  organotin chemistry during t h i s  p a s t  decade. 

The organotin chemistry to  be described in t h i s  d i s s e r t a t i o n  i s  a con

t i n u a t io n  o f  the i n v e s t ig a t io n s  in organotin chemistry t h a t  have been 

c a r r i e d  out in t h i s  la bora to ry .  One sec t ion  discusses the organotin car-  

boxyla tes .  Another i s  the r e s u l t  o f  the s t r u c t u r a l  i n v e s t ig a t io n  o f  the 

1:1 adducts o f  dimethyl t i n  (IV) di chloride with oxygen donor l igands .  The
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l a t t e r  chemistry arose because al though the  1:1 adducts have been a l l u d 

ed to  in the  l i t e r a t u r e ,  none so f a r  has been s t r u c t u r a l l y  cha rac te r i zed .  

The carboxyl a t e  group i s  very powerful in organotin  chemistry when

i t  comes to  br idging i n t e r a c t i o n s .  The t i n - c a rb o x y la t e  br idges  r e s u l t
23 24in the  formation of  polymers or  shor t -cha in  ol igomers.  ’ I f  the bonds 

happen to  be long,  the  weak br idges give r i s e  to  s o l id s  t h a t  have r e l a 

t i v e l y  low melt ing p o in t s .  An i n t e r e s t i n g  compet i t ion  occurs when anoth

er  p o t e n t i a l l y  br idging  or  che la t ing  s u b s t i t u e n t  i s  placed in the  carboxy- 

l a t e  chain .  The carboxyl a t e  s t r e t ch in g  frequency o f  organic compounds 

appears in the  in f r a r e d  a t  about 1700 c m " \  When the  group bonds to  

t i n ,  t h i s  s t r e t c h  i s  s h i f t e d  to lower energ ies .  However, in organotin(IV) 

d e r i v a t i v e s ,  the  po s i t io n  of  the band i s  a l so  dependent on the mass e f 

f e c t  which would f u r t h e r  decrease the energy of  the carbon-oxygen band. 

I n t e r e s t i n g l y ,  the  symmetric s t r e t c h  may a l so  be seen,  and the  magnitude 

o f  the  d i f f e r e n c e  in wavenumbers between th e  asymmetric and symmetric

s t r e t c h in g  f requencies  has been employed to  decide the  coord ina tion  num-
X 48 ber a t  t i n .

Tr icyc lohexyl t in ( IV )  a c e ta t e  is  a monomer t h a t  melts  a t  62° C. X- 

ray  s t r u c t u r a l  da ta  could not decide the coord ina tion  number, but the  am

b igu i ty  was reso lved by i t s  in f ra red  spectrum which d isplayed  a band a t  
-1 49

1645 cm . The r e l a t e d  t r i c y c lo h e x y l t in ( IV )  t r i f l u o r o a c e t a t e  i s  de

scr ibed  as e i t h e r  a d i s t o r t e d  t r igona l  bipyramid or  a d i s t o r t e d  t e t r a -
0

hedron with a t in-oxygen con tac t  d i s tance  o f  3.11 A. Since a band i s  

observed a t  1690 c m " \  i t  i s  more probable t h a t  the  in te rm olecu la r  con

t a c t  i s  i n s i g n i f i c a n t ,  and the  compound i s  probably four-coordinated.^® 

The 2-pyr idylcarboxyla to  anion i s  p o t e n t i a l l y  t e r d e n ta t e .  How

ever,  the  compound t r im e thy l t in ( IV )  2-pyri  dylcarboxyl a t e  monohydrate
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has a un iden ta te  carboxyla te  group. The water molecule i s  s i tu a te d  a t

the  o ther  ap ical  p o s i t ion  of  the  t r igona l  bipyramid and the  c rys ta l  l a t -
51t i c e  i s  a polymer through hydrogen-bonding. Probably one of  the best  

s t r u c tu ra l  examples o f  a s u b s t i t u t e d  carboxyla te  group i s  th e  amino-sub

s t i t u t e d  g lyc ina to  group,  NHgCHgCOg". The t r im e th y l t i n ( IV )  d e r iv a t iv e
52has bridging amino groups r a th e r  than br idging carboxyla te  groups.

In the r e l a t e d  diphenyl t in ( IV )  g lycy lg lyc ina to  compound, coordina tion is

through the  carboxyla te  oxygen, the  pept ide n i t rogen  and th e  amino n i t r o -  
53

gen as w e l l .

In t h i s  d i s s e r t a t i o n ,  a number of  organotin(IV) carboxylates  are 

prepared in which a p o te n t ia l  oxygen donor group i s  placed a t  an g- or  

a 7 -pos i t ion  to  al low fo r  che la t ion  by th e  s u b s t i t u e n t s .  Although the 

carboxylate  i s  known to be a powerful br idging group, th e re  i s  some ev i 

dence in the  l i t e r a t u r e  t h a t  another  group i f  placed in a s tereochemically 

s ig n i f i c a n t  s i t e  near  the  t i n  atom may coord ina te  in preference.  I t  i s ,  

t h e re fo re ,  my in t e n t io n  to  compare the  r e l a t i v e  s t reng th s  o f  the carboxy

l a t e  bridge versus t h e  phosphine oxide ,  su l fox ide  and ketonic groups.

In organotin chemis try ,  a la rge  a r ray  o f  physicochemical methods 

provide an important ,  though e s s e n t i a l l y  q u a l i t a t i v e ,  source of  informa

t i o n  on the s t r u c t u r e  of  the  organotin  compounds. Of the  organotin  com

pounds, th e  most well s tudied a re  the  methylt in ( IV)  d e r iv a t iv e s  because 

o f  t h e i r  s im p l ic i ty  as model s y s t e m s . ^^'55 s u b s t i t u t i o n  of  ha l ide

groups fo r  the  methyl groups on the  t i n  r e s u l t s  in a c l a s s  o f  methylt in(IV) 

ha l ides  t h a t  a re  Lewis ac id s .  Of the  methyl t in( IV)  h a l id es ,  the  coordina

t i o n  chemistry of  th e  dimethyl t in(IV) d ic h lo r id e  system appears to be 

most ex tens ive ly  s tud ie d ,  and th e  enormous i n t e r e s t  in t h i s  area of
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organotin chemistry a r i s e s  p a r t l y  becuase the  s t r u c t u r e s  of  these  adducts

can be e a s i l y  probed by a number of  spect roscopic techniques .

For example, the  t in-methyl  s t r e t ch in g  frequency occurs in the  600-

500 cm’  ̂ region o f  t h e  i n f r a r e d .  Theoret ical  p red ic t ions  show t h a t  only

th e  asymmetric s t r e t c h  i s  i r - a c t i v e  i f  the  C-Sn-C skele ton  i s  l i n e a r  and

consequently,  the  presence o f  the  symmetric s t r e t c h  a t  lower wavenumbers

implies d i s t o r t i o n  from the  ideal geometry. The an a ly s i s  o f  the  t i n -

halogen and t i n - 1igand bands al lows the  geometries of  t h e  halogen and
55ligand s i t e s  to  be ass igned .  These assignments a re  complemented by 

assignments made from th e  Raman spectrum. Nuclear magnetic resonance 

spectroscopy probes t h e  s t r u c tu re s  of  the  organotin compounds in so lu t ion .  

The magnitude of  |^J(^^®Sn-C-^H)| i s  determined by the  coord ina tion  s ta tu s  

a t  the t i n  atom, and th e  coord ina tion  number in tu rn can be c o r re l a t e d  

to the C-Sn-C angle .  An approximately l i n e a r  r e l a t i o n s h i p  e x i s t s  between

the  magnitudes of  ^Sn-C-^H)| and | ^ J ( ^ ^ ^ S n - ^ ^ C ) a n d ,  the re -
1 13

fo re ,  H NMR complements C NMR coupling da ta .

Perhaps t h e  most va luable  tool  in organotin  chemistry  i s  Mossbauer

spectroscopy.  In th e  d iorganotin(IV) systems, the  s i z e  of  the  carbon-

t in-carbon angle i s  important .  Data from the  tin-119m Mossbauer quadrupole

s p l i t t i n g  (QS) va lues  can reso lve  some ques t ions on th e  s t r u c t u r e  o f  these

diorganot in(IV) compounds, and a po in t-charge approximation model i s

avai lab le in which th e  QS values can be used t o  p r e d i c t  the angles a t  the 
57t i n .  However, in t h i s  t rea tm en t ,  the  con t r ibu t ion  to  th e  magnitude of  

the  QS i s  assumed to  a r i s e  s o le ly  from the  organic  groups,  and, th e re fo re ,  

the  trea tment cannot be used to  d i f f e r e n t i a t e  between f i v e -  s ix -  o r  even 

seven-coordinated d iorganot in(IV)  compounds. A l t e rn a t iv e ly ,  another
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point -charge approach can be used in which the  organic groups and l igands 

are  placed in idea l ized  geometries,  and the  con t r ibu t ions  from a l l  the  

organic and l igand groups ( the  l igands  a re  assigned a p a r t i a l  quadrupole 

s p l i t t i n g )  are summed up. The smal le r  the  d i f f e re n c e  between the  p r e d i c t 

ed and observed QS values i s ,  the  more ideal i s  the  geom etry.^8 Using 

t h i s  l a t t e r  approach,  i t  i s  poss ib le  to  compare the a b i l i t i e s  of  various 

ligands to induce per tu rba t ion  in the  e l e c t r i c  f i e l d  g rad ien t  around the 

t i n  nucleus. General ly,  carbonyl donors a r e  weak bases towards t i n ,  and 

a t  the  o the r  end of  the  s ca le ,  a r s in e  oxides a re  extremely strong Lewis 

bases.

The v a l i d i t y  of  the se  assignments,  however, must r e s t  on th e  con

f irmation  of  the  s t r u c tu re s  of  model compounds fo r  which both these  and 

X-ray s t r u c t u r a l  data a re  a v a i l a b l e .  Where such information e x i s t s ,  the  

assignments from spect roscopic  data have been cor roborated by X-ray s t r u c 

tu ra l  da ta .  The technique of  X-ray d i f f r a c t i o n ,  un fo r tuna te ly ,  i s  severe

ly  l im i t in g  in t h a t  s in g le  c r y s t a l s  o f  the  compound a re  requ i red ,  but t h i s  

technique i s  v a s t l y  super io r  in t h a t  weak bridging in t e r a c t io n s  can be 

de tected t h a t  would otherwise escape the  usual spect roscopic techniques .

I t  i s  a curious f a c t  t h a t  with c e r t a in  pointed l igands  in which 

the donor atom c a r r i e s  only a s in g le  at tachment,  i . e . ,  i s  unbranched, 

dimethyl t in ( IV)  d ic h lo r ide  forms 1:1 adducts .  These l e s s  s t e r i c a l l y  de

manding l igands should proceed t o  the  ubiqui tous  1:2 complexes without  

d i f f i c u l t y ,  but syntheses involving some t h i r t y  complexes stop a t  the  

1:1 s tage .  These complexes wil l  be commented on under the appropr ia te  

sec t ions .  These 1:1 adducts have been un iv e rs a l ly  formulated as f i v e -  

coordinated,  t r igonal -b ipyramidal  t i n  compounds. Curiously enough too.
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the hal ide br idges  are  known to  engage in a phenomenon c a l l e d  "auto-  

complexation" whereby the coordinat ion  number o f  t h e  cen t ra l  t i n  atom 

i s  increased  by th e  presence o f  a ha l ide  atom w ith in  van der  Waals 

d is tance .

This s ec t io n  of  the d i s s e r t a t i o n  wil l  descr ibe  the  c rys ta l  

s t r u c t u re s  of  t h e  1:1 adducts of  dimethylt in(IV) d ic h lo r id e  with two 

oxygen donor l i g a n d s ,  diphenylcyclopropenone,  (CgHg)2C2C=0 and 2 ,6- 

dimethyl py r id ine  (2 ,6- l u t i d i n e )  N-oxide, 2 ,6 -(CH3)2CgH3N0 and the  1:1 

adducts of  l a t t e r  l igand with diphenyl t i n ( IV)  d ic h lo r id e  and t r im e thy l -  

t i n ( IV)  c h lo r id e .  The so lu t ion  of  the c ry s ta l  s t r u c t u r e s  of  these 

complexes w i l l  perhaps answer the  ques t ion why monomeric 1:1 adducts do 

form, i f  a t  a l l ,  given the ex t rao rd inary  capacity  o f  t i n  to  achieve 

high coord ina t ion  numbers.
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CHAPTER 2

SYNTHESIS OF TRIPHENYLPHOSPHONOPROPIONBETAINE- 

TRIORGANOTIN(IV) SALTS BY NUCLEOPHILIC 

DISPLACEMENT OF ANIONS FROM 

TRIORGANOTINS

Introduct ion

Tr iorganotin  compounds RgSnX are  of  commercial i n t e r e s t  as bio-  

cidal  m a te r i a l s ,  but the  na tu re  of  the X group does not have a marked

e f f e c t  on the  b io logica l  a c t i v i t y . ^  Organophosphorus compounds al so
2

e x h i b i t  s trong biocidal  a c t i v i t y ,  and i t  may be poss ib le  to  confer  de

s i r a b l e  biocidal  c h a r a c t e r i s t i c s  on th e  t r i o r g a n o t i n  compound by inco r 

pora t ing  an organophosphorus s u b s t i tu e n t  on the  X group.

As a fol low-up on the  t i n  amino a c i d s ,  ” a carboxyl ic  ac id  with

an organophosphorus s u b s t i t u e n t  was looked f o r .  There has been cons ide r -
7 8ab le  i n t e r e s t  in the s t r u c t u r e s  o f  the  t r i o r g a n o t i n  ca rboxyla tes ,  * and 

f iv e -c o o rd in a te d ,  one-dimensional polymeric s t r u c t u r e s  with the  more e l e c 

t ro n e g a t iv e  oxygen groups in t h e  a x i a l - p o s i t i o n s  have been confirmed by 

X-ray s t u d i e s . O f  th e  organophosphorus compounds, the t e t rao rgano -

phosphonium s a l t s  a re  known to  behave as p h a s e - t r a n s f e r  c a t a l y s t s ,  and
12they have the  a b i l i t y  to  a l t e r  the  su rface  tens ion  of  water.  I t  was,

21
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t h e r e f o r e ,  decided to  prepare t r i o r g a n o t i n  d e r iv a t iv e s  o f  t r i p h e n y l (2- 

ca rboxye thy l )phosphonium c h l o r i d e ,  [(CgHg)gP(CH2)2C02^ ]^ ^ ^ " '  t o  t e s t  the 

e f f e c t  o f  t h i s  novel group.

Experimental Section

The phosphonium c a t io n ,  t r iphenyl(2-carboxye thyl)phosphonium, is

e a s i l y  prepared in high y i e ld  from the  r e a c t io n  o f  3-ch lo ropropionic  acid

and t r ip h en y lp h o sp ine. The tr iphenylphosphonopropionbe ta ine i s  derived

in high y i e l d  from th e  product by tr ea tm ent with sodium bicarbonate in 
13e thanol .  T r iphenylt in( IV)  c h lo r id e  and tr iphenylphosphine  were g i f t s  

from M & T Chemicals, I n c . ,  and 3-ch lo ropropionic  ac id  was from the Al

d r ich  Chemical Co. Other organotin  d e r iv a t iv e s  were prepared from the  

r e a c t io n  between t r i p h e n y l t in ( IV )  ch lo r id e  and the  potassium s a l t  o f  

the  h a l id e  o r  pseudohalide in e thano l .  In t h i s  way, t h e  fol lowing or -  

ganotin(IV) s a l t s  were prepared:  t r i p h e n y l t in ( IV )  bromide, mp 115-16° C 

( l i t .  120-21° C,14 121.5-22.5° C^^). t r i p h e n y l t in ( IV )  iod ide ,  mp 120-21° C 

( l i t .  122-24° C^^)» t r i p h e n y l t in ( IV )  i s o th io cy an a te ,  mp 166-68° C ( l i t .  

166-68° C,T7 171-72° C^®). t r i p h e n y l t in ( IV )  i socyana te ,  mp 98-100° C ( l i t .  

98-99° C^^) and t r i p h e n y l t in ( IV )  az ide ,  mp 114° C ( l i t .  117° ( f ^ ) .

Methyldiphenylt in(IV) ch lo r id e  was prepared from th e  cleavage  of  methyl-
21tr ipheny l  t i n  by elemental iod ine  in chloroform.

Diphenylt in(IV) ch lorooxina te  was prepared from 8-hydroxyquinoline

and d iphenyl t in ( IV )  d i c h l o r i d e ,  mp 164-65° C ( l i t .  167-68°
24Tr iphenylt in ( IV)  n i t r a t e  was prepared and r eac ted  in s i t u , as 

was t r i p h e n y l t i n ( I V )  t e t r a p h e n y l b o r a t e . T r i p h e n y l t i n ( I V )  t e t r a c a r -  

b ony lcoba l ta te  was prepared by the  reac t ion  of  t r i p h e n y l t in ( IV )  ch lor ide
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and sodium t e t r a c a r b o n y l c o b a l t a t e  from the sodium metal cleavage of  oc ta -
27

carbonyl d ic o b a l t .

Triphenylphosphonopropionbetainetr imethylt in(IV) c h lo r id e ,  [(CgHgjgPfCHgjg- 

COgSnfCHgjgl+Cl

Trimethyl t in( IV) hydroxide (1.81 g, 10.0 m mol) and t r i p h e n y l (2- 

carboxyethyl)phosphonium ch lo r ide  (3.71 g, 10.0 m mol) were dissolved 

in dry benzene (a suspected carcinogen) (150 mL) and dimethylformamide 

(7 mL) and heated f o r  30 min. in  a Dean-Stark assembly t o  remove the water  

formed. The benzene was removed on a ro ta ry  evapora to r  and the  pure com

pound obta ined  in 80% y ie ld  mp 173 - 74° C, by r e c r y s t a l l i z a t i o n  from 2- 

propanol .

Triphenylphosphonopropionbetainetr iphenylt in(IV) c h l o r i d e ,  [(CgHg)gP(CH2) 2 '

C02Sn(CgH5)3] Cl

Tr iphenylt in ( IV)  hydroxide (3.67 g, 10.0 m mol) and t r i p h e n y l (2- 

carboxyethy l)phosphonium ch lo r ide  (3.71 g, 10.0 m mol) were combined in 

dry benzene (150 mL) and dimethylformamide (7 mL). The benzene suspension 

was heated with magnetic s t i r r i n g  in a f l a s k  equipped with a Dean-Stark 

t r a p ,  and th e  th e o re t i c a l  amount o f  water  was c o l l e c t e d  in ten  minutes. 

The white p r e c i p i t a t e  was c o l l e c t e d  by suction  f i l t r a t i o n ,  washed with 

ethanol and then with e the r  and a i r - d r i e d  to  give the  t i t l e  compound, 

mp 195 - 97° C, in 90% y ie ld .

This same compound was a l so  prepared by mixing warm ethanolic  

so lu t ions  o f  t h e  phosphonium b e ta in e ,  (CgHg)3P^(CH)2C02" (3.34 g,  10.0
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m mol) ,  and t r i p h e n y l t in ( IV )  ch lo r ide  (3.85 g, 10.0 tn mol). The white 

p r e c i p i t a t e  formed on cool ing ,  was f i l t e r e d ,  washed with ethanol and then 

e t h e r ;  mp 194 - 95° C, y i e l d  70%. The melt ing point  o f  an in t imate  mix

t u r e  o f  t h e  two products i s  no t  depressed,  and t h e i r  in f ra red  spec tra  

are i d e n t i c a l .

The corresponding bromide and iodide s a l t s  were prepared by the  

second method, and t h e i r  melt ing  points  and y i e ld s  a re  l i s t e d  in Table 1.

Triphenylphosphonopropionbeta inetr iphenylt in( IV) i so th iocyana te  [(CgHg)g- 

PfCHgigCOgSnfCgHgigj+NCS"

Mixing t r i p h en y l t in ( IV )  i so th iocyana te  (2.04 g, 5.00 m mol) and 

th e  phosphonobetaine,  (CgHg)2P^(082)2^02" (1.67 g ,  5.00 m mol), in ethanol 

(50 mL) gave an immediate p r e c i p i t a t e ,  mp 198 - 99° C, in 90% y ie ld .

When th e  amount o f  the  organotin  was doubled, th e  product obtained a f t e r  

washing with ethanol had an ide n t i c a l  melt ing point  and in f ra red  spectrum.

Tri phenylphos phonopropi onbetai  n e t r i  phenylt i  n(IV) a c e t a t e ,  [(CgHg)gP(CH2 )2- 

C02Sn(CgHg)g]'*'CH2C02"

Triphenylphosphonopropionbetainetriphenyl  t i n  ch lo r ide  (2.88 g,

4.00 m mol) and lead a c e t a t e  t r i h y d r a t e ,  Pb(CH2C02)2 ' 3H20 (0.76 g, 2.0 

m mol) were allowed to  r e a c t  in hot ethanol (50 mL) to  give l e a d ( I I )  

c h lo r id e  which p r e c i p i t a t e d  immediately and was removed by f i l t r a t i o n .

The r e s u l t i n g  so lu t ion  was concentra ted  to  give th e  product ,  mp 170 - 

73° C, in 50% y ie ld .
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Tri phenylphosphonopropionbetainetr iphenylt i  n ( IV) n i t r a t e ,  [(CgHgigPtCHgig- 

COgSnCCgHgljl'^NOg'

A so lu t ion  o f  t r i p h e n y l t i n  ch lo r ide  (3.85 g, 10.0 m mol) in ace 

tone (50 mL) was added to  a so lu t ion  of  s i l v e r  n i t r a t e  (1.70 g, 10.0 m 

mol) in water (5 mL). The s i l v e r  ch lo r ide  which p rec ip i ta ted  immediately 

was f i l t e r e d .  To t h i s  so lu t ion  o f  t r iphenyl  t in ( IV )  n i t r a t e  was added 

the  phosphonium be ta ine ,  (CgHg)2P^(CH2) 2C02'  (3.34 g, 10.0 m mol) in 

ethanol (10 mL), th e  so lu t ion  concentrated and e the r  added to  p r e c i p i t a t e  

the  white product ,  which was r e c r y s t a l l i z e d  from acetone,  mp 162 -  64° C, 

in 80% y ie ld .

Tri phenylphosphonopropionbetainetr iphenyl t i n ( IV) te tr apheny lbora te ,  [(Cg-

Hg)gP(CH2)2C02Sn(CgHg)^]+B(CgHg)^-

Triphenylt in(IV)  ch lor ide  (3.85 g, 10.0 m mol) and sodium t e t r a 

phenyl borate (3.42 g,  10.0 m mol) were mixed in 2-propanol (50 mL). The 

r e s u l t i n g  sodium ch lo r ide  was f i l t e r e d ,  and the  so lu t ion  was mixed with 

the  phosphonium be ta ine ,  (CgHg)gP^(CH2)2C02" (3.34 g,  10.0 mmol) in 2- 

propanol (50 mL) to  p r e c i p i t a t e  the white product ,  mp 190 - 92° C, in 60% 

y ie ld ,  which was washed with ethanol and e the r .

Triphenylphosphonopropionbetainetr iphenylt in(IV) t e t r a c a r b o n y l c o b a l t a t e ( I ) ,  

[(CgHg)2p(CH2)2C02Sn(CgHg)g]+[Co(C0)^]-

Triphenyl t in ( IV )  t e t r a c a rb o n y lc o b a l t a t e ( I ) ^ ^  (2.60 g, 5.00 m mol) 

was dissolved in acetone (20 mL) and mixed with the  beta ine  (1.67 g, 5.00 

m mol) dissolved in ethanol (20 mL). No p r e c i p i t a t e  formed immediately
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but a brown so l id  formed on slow evaporat ion of  t h e  so lven t .  This was 

f i l t e r e d  and r e c r y s t a l l i z e d  from acetone,  mp 107 - 08° C, in 60% y ie ld .

Tr iphenylphosphonopropionbetainetr iphenylt in{IV) t r i p h e n y l t i n ( I V ) d i -  

c h lo r id e ,  [ ( ( CH^)gCO^Sn(CgHg)g ]+[(CgH^)^SnCl %]"

Tr iphenylt in( IV)  ch lo r ide  (3.85 g, 10.0 m mol) and (CgHg)2P^(CH2)2 

CO2" (1.67 9 , 5.00 m mol) were each disso lved  in hot ethanol (20 ml) 

and then mixed. On slowly cooling the  mixture,  a white  semi-so l id  was 

obta ined .  T r i t u r a t i n g  t h i s  in  hot  ethanol gave a p r e c i p i t a t e ,  mp 188 - 

90° C, which was f i l t e r e d  and washed with ethanol and then e t h e r ,  to 

give the  double s a l t  in 80% y i e l d .

Triphenylphosphonopropionbetainetr iphenylt in(IV) tr ipheny l  t i n ( IV )d i -  

bromide, [ ( CgHg)3P(CHg)gfC^Sn(CgHg)g]+[(CgHg) gSnBrg]"

A s im i l a r  procedure with t r i p h en y l t in ( IV )  bromide gave the  product 

in 60% y i e l d ,  mp 184 - 85° C.

Triphenylphosphonopropionbeta inetr iphenyl t in(IV)  t r i p h e n y l t i n ( I V ) d i i s o 

cyana te ,  [(CgHg)3P(CH2) 2C02Sn(CgHg)3f [ (C g H g ) 3Sn(HC0 )2]"

Triphenylt in( IV)  isocyanate (3.92 g, 10,0 m mol) reac ted  with t r i 

phenyl phosphonopropionbetaine (3.34 g,  10.0 m mol) in ethanol (50 mL) to 

form th e  1:2 product in 60% y i e l d ,  mp 149 -  52° C.

Triphenylphosphonopropionbeta ine tr iphenylt in( IV) t r i p h e n y l t in ( IV )d ia z id e ,

[(CgHg)3P(CH2)2C02Sn(CgHg)3]+[(CgHg)3Sn(N3)2]" _______________
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A sem i-so l id  which formed immediately on mixing th e  phosphorus 

be ta ine  (1.67 g, 5.00 m mol) and t r i p h e n y l t in ( IV )  azide (3.92 g, 10 

m mol) in ethanol became a powder on t r i t u r a t i o n  and warming, mp 152 - 

53° C, y i e l d  80%.

Triphenyl phosphonopropionbetainemethyldiphenyl t in ( IV )  methyl diphenyl t i n  

( IV )d ich lo r ide ,  [(C6Hg)2P(CH2 )2C02Sn(CH2)(CgHg)2]+[(CH3)(CgHg)2SnCl2] '

Methyldiphenylt in(IV) ch lo r ide  (3.23 g,  10.0 m mol) was added drop- 

wise to  an e th a n o l i c  s o lu t i o n  o f  t r iphenylphosphonopropionbetaine (3.34 g,

10.0 m mol) and t h e  so lu t io n  concentrated to  p r e c i p i t a t e  a s o l id  which 

was r e c r y s t a l l i z e d  from chloroform. Instead o f  th e  a n t i c ip a t e d  1:1 pro

duct ,  th e  compound i s o l a t e d  analyzed as the  above fo rmula t ion ,  mp 105 - 

06° C, in 30% y i e l d .

Triphenylphosphonopropionbetainediphenylt in(IV) 8-hydroxyquinol inato-  

c h lo r id e ,  [ ( CgHg) ( CH2 )2C02Sn(CgHg)2 (CgHgNO) ]'^C1 "

The be ta ine  (0.84 g,  2.50 m mol) d isso lved  in ethanol  (20 mL) and 

diphenylt in( IV)  ch lo roox ina te  (1.13 g,  2.50 m mol) d is so lved  in a benzene- 

ethanol mixture were mixed. Slow evaporat ion o f  the  so lven t  mixture 

y ie lded  th e  yel low product ,  mp 172 - 75° C, in 30% y i e l d .

Tr iphenylth iophosphonopropionbeta inet r iphenyl t in( IV) t r i p h e n y l t in ( IV )  

d i c h lo r id e ,  [(CgHg)gPS(CH2 )2C02Sn(CgHg)2f[(CgHg)gSnCl2]"

Tri phenylphos phonopropionbeta i n e t r i  phenylt i  n ( IV) ch lo r id e  (3.60 g,

5.00 m mol) was d isso lved  in bo i l ing  ethanol (150 mL) and elemental s u l fu r
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(0.16 g, 5.0 mg-at) added. The s u l f u r  dissolved completely on s t i r r i n g .

A cream-colored p r e c i p i t a t e  which melted to  a red l i q u id  a t  174 - 75 ° C 

formed on cool ing.

Attempted dehydroch lorinat ion o f  t r i  phenylphosphonopropi onbetai  n e t r i  phenyl - 

t i n ( IV )  ch lo ride

A suspension o f  sodium hydride in mineral o i l  (57% suspension,

0.42 g, 10 m mol) was washed with petroleum e the r  and d is so lved  in d i -
OQ

methyl su l fox ide .  Triphenylphosphonopropionbeta inetr iphenyl t in(IV)  

c h lo r ide  (7.19 g,  10.0 m mol) in DMSO was added and the  mixture s t i r r e d  

f o r  30 min. The s o lu t ion  was then added to  water  and the  p r e c i p i t a t e ,  

mp 191 - 92° C was c o l l e c t e d  and r e c r y s t a l l i z e d  from e thanol .  The pro

duct  was i d e n t i f i e d  through carbon and hydrogen a n a l y s i s ,  melt ing p o in t ,  

i n f r a re d  and mass spectroscopy t o  be [(CgHg)3P(CH2)2C02Sn(CgHg)g]*[(Cg- 

85)380012] ' .

The compounds prepared ,  along with t h e i r  mp's ,  y i e l d s  and micro- 

ana ly t i c a l  data are l i s t e d  in Table 1. D i f f i c u l ty  was experienced in ob

t a in in g  c o r r e c t  microana ly t ica l  data fo r  carbon on compounds 3, 4, 6-10, 

12, 14 16 and 17 and f o r  hydrogen on compounds 3, 4 ,  14 and 17 l i s t e d  in 

Table 1. The tin-119m Mossbauer data are gathered in Table 2,  and the 

in f r a re d  data in Table 3.

Result s  and Discussion 

The ac t ion  o f  t r ip h e n y l t in ( IV )  hydroxide on t r ipheny l (2 -ca rboxy 

ethyl  ) phosphonium hydrochlor ide in benzene re le a se s  water  and gives the  

t r i o r g a n o t in  carboxyla te  in c^. 90% y ie ld  a f t e r  heat ing  in a Dean-Stark
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appara tus f o r  ten minutes with dimethylformamide (DMF) as a c a t a l y s t :  

[(CgH5)3P(CH2)2C02Hfcr + (CgHglgSnOH [(CgHg)3P(CH2)2C02Sn(CgHg)3fci'

+ H2O (2.1)

The same t i n  product  r e s u l t s  from the  displacement o f  ch loride  ion by the  

phosphobetaine,  (CgHg)3P^(CH2) 2C02” :

(CgH5)3P‘̂(CH2)2C02’ + (CgHg)3SnCl -> [(C6Hg)3P(CH2)2C02Sn(CgHg)3]+cr
( 2 . 2 )

Other organotin  carboxylates with an organophosphorus s u b s t i t u e n t  a re

prepared by t h i s  novel nucleophil ic  displacement o f  the  c h lo r id e  o r

pseudohalide from th e  t r io rgano t in ( IV )  moiety.

There has been controversy over the  s t r u c t u r e  of  the  (CgHg)3P^

(CH2 )2C02'  moiety which i s  ca l led  tr iphenylphosphonopropionbetaine in ac-
29 30cordance with recommended nomenclature; ’ but as  has been pointed ou t ,

phosphorus-31 NMR measurements f a i l  to  d i f f e r e n t i a t e  between the  phos-
31phobetaine s t r u c t u r e ,  A, and th e  y l i d e  s t r u c t u r e ,  B:

+ +  -  
(CgH5)3P(CH2)2C02' (CgĤ )̂ P=CH-CH2C02H ^  (CgĤ )̂ P-CH-CĤ C02H

(A) (B)

The r e s u l t s  ind ica te  t h a t  th e  c o r r e c t  form is  probably s t r u c t u re

A which would lead to  the  formation o f  t in-oxygen bonds, whereas B would

be expected to lead to the formation o f  t i n -ca rbon  bonds. The l a t t e r

products would be e a s i l y  i d e n t i f i e d  by tin-119m Mossbauer spectroscopy,

s ince  because th e  t i n  atom is  surrounded by four  organic groups,  simple
32s in g l e t  s p e c t r a  with no quadrupole s p l i t t i n g  (QS) would be expected.

The phosphonium hydrochloride,  [(CgHg)3P(CH2 )2C02H]^Cl” , i s  pre

pared by reac t in g  tr iphenylphosphine  with 3-chloropropion ic  acid.  Trea t

ment of  t h e  product  acid with aqueous e thano l ic  sodium bicarbona te  gives
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1 1
t r iphenylphosphonopropionbetaine in high y i e l d :

. +
E(C6H5)3P(CH2 )2C02H] CT + NaHCOg 4. (CgHg)3p(CH2)2C02" + CO2 + HgO

+ NaCl (2.3)

Table 1 l i s t s  th e  various  t r iphenylphosphonopropionbeta ine t r io r-  

ganotin(IV) s a l t s  t h a t  were prepared by the  novel n u c leoph i l i c  d i s p la c e 

ment t o g e th e r  with t h e i r  ana ly t ic a l  data and percentage y i e l d .  Most of  

the  t r i p h e n y l t i n  d e r iv a t iv e s  are high melt ing so l id s  (with decomposition) 

and the  s i m i l a r i t y  o f  the  temperatures suggests  t h a t  i t  i s  t h e  common t r i 

phenyl phosphonopropionbetai n e t r i  phenylt in ca t ion  t h a t  undergoes decompo

s i t i o n  in each case .  All t h e  compounds are  white  except  f o r  t h e  t e t r a c a r 

bonylcobalta te  and d iphenyl(8-hydroxyquinol inato) t in  d e r iv a t iv e s  which 

are  brown and ye l low-colo red  s o l id s ,  r e spec t ive ly .

Since th e  tr iphenylphosphonopropionbetainet r io rganot in  complexes 

can be prepared in good y i e l d  by reac t ion  pathway (2 . 2 ) ,  i t  seemed worth

while to  at tempt f u r t h e r  reac t ions  on the  t r i p h e n y l t in ( IV )  ch lo r ide  d e r iv 

a t iv e .

The at tempt to  dehydrochlorina te th e  phosphonium s a l t ,  [(CgHg)^?-

(CH2)2C02Sn(CgHg)2]^Cl~,  by trea tment with me thylsu lf iny l  sodium from
28sodium hydride in dimethyl su lfox ide gave in s tead  th e  double s a l t ,

2^" as the  only t i n  con ta in ing 

product .  The formation o f  the  y l ide  which would d i sp la ce  the  t r i p h e n y l 

t i n  group from the  carboxyla te  to form a ca rbon- t in  bond through the
33phosphorus y l i d e  as has been previously repor ted  was not  r e a l i z e d :

NaH + (CH3 )2S=0 -»■ CH3^CH2"Na* (2.4)



31

0

[(C6H5) 3P(CH2 )2C02Sn(C6H5)s]  C r  + CH3SCH2Na
+  -

(C6" 5)3P=CHCH2C02Sn(CgHg)3 ^  (CgH5)3P-CHCH2C02Sn(CgHg)3 + DMSO + NaCl

-> (CgHg)3Pt.CH-CH2C02'

Sn(CgHg) (2.5)

Such a compound would function  as a p recursor in the  prepara t ion  of  com

pounds with th r e e  t i n  atoms in the  molecule,  a l l  in d i f f e r e n t  environments. 

The at tempt to  prepare the t r im e thy l t in ( IV )  double s a l t  C(CgHg)3P(CH2 )2- 

C02Sn(CH3)3]^[(CH3 )3SnCl2]"> by concentra t ing  a so lu t ion  of  th e  y l ide  

and organotin(IV) ch lo r id e  in a 1:2 r a t i o  gave only an o i l  which could 

not be c r y s t a l l i z e d .

The a c e t a t e  d e r i v a t iv e  could be prepared through a simple metathe

s i s  r e a c t io n  from l e a d ( I I )  a c e ta t e :

2[(CgH5)P(CH2)2C02Sn(CgHg)3fcr + Pb(CH3C02)2 2[(CgHg)3P(CH2)2C02Sn-

(^^^5)3] CH3CO2 +

PbCl2 (2.6)

Tri phenylphosphonopropionbetainetri  phenylt in( IV) ch lo r ide  loses  

carbon dioxide a t  i t s  melt ing point  o f  191° C, presumably to  produce the

corresponding 2- ( t r i p h e n y l s t a n n y l )e thy l t r ipheny l  phosphonium ch lo r ide :

(2.7)

[(CgHg)3P(CH2 )2C02Sn(CgHg)3f G r  CO2 + [(CgHg)3P(CH2)2Sn(CgH5)3f C l "

Proton NMR Data

Most o f  th e  carboxyla tes  prepared in t h i s  study a re  too in so lub le  

in common NMR so lven ts  to  give meaningful r e s u l t s ,  with the  exception of  

th e  species  l i s t e d  in  Table 5. In deu tera ted  chloroform, the  methyl s i g 

nal of  [ ( ('gHg)3^((^^2) 2^0260(CH3)gl^Cl" appears a t  6 = 0.64 ppm, r e l a t i v e
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to IMS and the j^J(^^^Sn-C-^H)|  coupling cons tan t  i s  72.8 Hz. I t  was not  

p oss ib le  to  make the double s a l t  [ ( CgHg) gP(CHg)gCOgSn( CHg)g]*[ (CH^) g- 

SnClg]", but a deuterochloroform so lu t io n  o f  [(CgHg)gP(CH2 )2C02Sn(CHg)g]^ 

Cl '  and (CHg)gSnCl in a 1:1 s to ich iometry  d isp lays  only one methyl signal 

a t  a = 0.64 ppm, and |^J(^^®Sn-C-^H)| i s  decreased to  64.5 Hz.

The compound [(CgH5)2P(CH2)2C02Sn(CgHg)2CH3f[CH3(CgHg)2SnCl2]" 

shows a I^J(^^^Sn-C-^H)I coupling cons tan t  of  76.0 Hz compared with

60.0 Hz f o r  (CHg)(CgHg)2SnCl. As with the  tr imethyl  t i n  case,  only one 

methyl s ignal  i s  observed a t  6 = 1.00 ppm.

Mossbauer Data

Table 2 l i s t s  the  Mossbauer parameters of  th e  compounds prepared.

The IS and QS values a re  c o n s i s t e n t  with f ive -coord ina ted  t r i o r g a n o t in  
32formula t ions ,  with th e  exception o f  t r iphenylphosphonopropionbetaine

diphenyl (8-hydroxyquino l ina to ) t in ( IV )  ch lo r ide  which i s  probably s ix -  

coord ina ted .  Since th e  QS f o r  th e  l a t t e r  i s  ça .  2 mm s ' \  t h e  two phenyl 

groups must be c i s -  to  each o th e r .  D ia ry l t in  compounds can adopt e i t h e r  

a c i s -  o r  a t r a n s - con f igu ra t ion  in t h e i r  complexes, whereas with the  d i 

alkyl analogues, the  carbon- t in -carbon  ske l ton  i s  almost  in v a r i a b le  l i n 

e a r . T h e  carbon- t in -carbon angle in  the diphenylt in(IV) ch loride can 

be ca lcu la ted  from a po in t  charge approach^* t h a t  assumes t h a t  the  p a r t i a l  

QS con t r ibu t ions  from the  l igands  wil l  be small compared to  t h a t  from 

the  phenyl groups,  and the  c o r r e l a t i o n  i s  supported by data  from compounds

fo r  which both Mossbauer and d iphenyl t in ( IV )  ca rbon- t in -carbon angles 
35are av a i l a b l e .  On t h i s  bas is  an 

tem in the  d e r iv a t iv e  i s  p red ic ted .

35
are av a i l a b l e .  On t h i s  bas is  an angle of  109° fo r  the  d iphenyl t in  sys-
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In the  s e r i e s  [(CgHg)gP(CH2 )2C02Sn(CgHg)g]^X" where the X group 

i s  var ied  from the  p o t e n t i a l l y  br idging ha l ide ,  pseudohalide,  a c e ta t e ,  

n i t r a t e ,  e t c . .  to  t h e  e s s e n t i a l l y  non-nucleophi l ic  te t r ap h en y lb o ra te  an

ion,  th e re  appears to  be not much v a r i a t io n  in th e  Mossbauer parameters .

Thus the  X groups a re  probably not bonded d i r e c t l y  to  t h e  t i n  atom, but 

e x i s t  as counte r ions .  Hence, th e  compounds should be formulated as phos

phonium s a l t s  in which one o f  the  organic groups on th e  phosphorus atom 

is  an o rgano t in -con ta in ing  carboxyla te  res idue.

In th e  s e r i e s  o f  compounds with t i n  both in the  ca t ion  and anion,  

the Mossbauer spec t ra  a r e  bes t  f i t t e d  by only one symmetrical double t ,  and 

the IS and QS values a re  c lo se  t o  the  values obta ined  f o r  the  previous 

t i n  ca t ion  s e r i e s .  I t  seems, th e re fo re ,  t h a t  e i t h e r  the  e l e c t ro n ic  en

vironments about t h e  t i n  nuclei  a re  id e n t i c a l ,  o r  t h a t  t h e  whatever d i f 

ferences t h e r e  a re  cannot be de tec ted  by tin-119m Mossbauer spectroscopy.

I t  i s  i n t e r e s t i n g  t o  note in t h i s  connection t h a t  th e  compound 

[(CHg)2SnCl2] 2 ' t e rp y r id y l  e x i s t s  as a double s a l t  [ ( CH^)2SnCl' t e rp y r id y 1

[(CHg)2SnClg]" with th e  t i n  ca t ion  in an octahedral  environment and the
36

t in  anion in a t r i g o n a l  bipyramidal environment but ex h ib i t s  only one
37doublet  in i t s  Mossbauer spectrum.

In f ra red  Data

Tables 3 and 4 l i s t  the i r  assignments,  and Table 4 are the bands of  

the carboxylate system. The t in -carbon  and t in-oxygen modes below 600 

cm’  ̂ cannot be unambiguously ass igned because th e  phosphonobetaine moiety 

i t s e l f  has a r i ch  spectrum in t h i s  region.  Triphenylphosphonopropion

betaine absorbs a t  1593 cm"^ and 1583 cm”\  and in the  complexes the
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asymmetric COg s t r e t c h  i s  observed near 1645 cm~  ̂ fo r  the  [(CgHg)2P(CHg)2 

C02Sn(CgHg)g]^X" compounds and 1585 cm“  ̂ f o r  the  [(CgHg)2P(CHg)gC0gSn

compounds. The lowered values in the  l a t t e r  s e r 

ies  would suggest  t h a t  s t ronger  a s so c ia t io n  by the carboxyla te  oxygens i s  

taking p lace t h e r e .  The s l i g h t l y  l e s s e r  degree of  a s so c ia t io n  in the 

f i r s t  s e r i e s  can be in t e rp r e te d  in  terms of  some s t e r i c  hinderance a r i s 

ing from the  proximity of  the counterion to  the  t i n  atom r a th e r  than to  

the  phosphorus atom. Tin(IV) i s  a hard a c i d ,  and although organ ic  groups 

confer  some degree o f  s o f tn e s s ,  i t  r e t a i n s  i t s  hard c h a ra c te r ,  and i t  i s ,  

t h e r e f o r e ,  not su rp r i s in g  th a t  the  counterion would be found to  be within 

poss ib le  i n t e r a c t io n  d i s tance  of  the  t i n  atom ra th e r  than the  phosphorus 

atom.

The compound [(CgHg)2P(CH2 )2C02Sn(CH2)3]^Cl" e x h i b i t s  an asymmetric 

COg band a t  1616 c m " \  The e f f e c t  o f  lowered mass i s  un l ike ly  to  pre

dominate in t h i s  case ,  and i t  appears t h a t  because of  decreased s t e r i c  

crowding about the  t i n  atom, the s t r eng th  o f  the  carboxyla te  br idging i s  

g r e a t e r  than in the  t r i p h e n y l t i n  case.

When the X group,  as with the  pseudohalide and Co(CO)^ groups, 

a l so  absorbs in the  i n f r a r e d ,  i t  is  poss ib le  to record the s h i f t  of 

the bands to  lower energ ies  upon complexation.  Of the various anions 

s tud ied ,  the  most informative i s  the t e t ra c a rb o n y lc o b a l t a t e  because the

geometry of  the moiety can be deduced from the  absorption bands of  the
38

carbonyl group. In the ionic form the moiety has t e t r ah ed ra l  symmetry 

and a s in g le  absorp tion  band fo r  v(CO) in the  in f r a re d .  On the o the r  

hand, bonding the t i n  atom to  the coba l t  lowers the symmetry of  t h a t  group 

in such compounds as (CgHg)3SnCo(C0)^ .^  In a polar  so lven t  such as
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acetone ,  however, t h i s  compound d i s s o c i a t e s  to  the  so lvated  t r i p h e n y l t i n
38ca t io n  and the  t e t r a c a rb o n y lc o b a l t a t e  anion,  the  l a t t e r  exh ib i t ing  a 

s in g le  carbonyl s t r e t c h in g  absorp tion  a t  1890 c m " \  In the complex 

^^^6^5^3^ ^ (^6^5)3^^^°(CO)^", a s in g le  carbonyl absorption  band 

i s  observed a t  1885 cm  ̂ in the  s o l id  s t a t e  (1870 cm"^ in acetone so lu t ion) ,  

I t  appears,  th e re fo re ,  t h a t  th e  co b a l t a t e  moiety i s  t e t r a h e d ra l  and hence 

an ionic and i s  not coord ina ted to  t i n .

Whereas the  in f r a re d  spec t ra  of  the s a l t s  below 600 cm"^ do not 

y i e ld  s i g n i f i c a n t  s t r u c t u r a l  information because of  the  strong  phosphonium 

l igand  absorp t ions ,  the  Raman spec t ra  of  the se  [ ( CgHg)gP(CHg)2C02^ " ( 

*^5^3^^^" compounds are much more in format ive .  The Raman spec t ra  fo r  the 

X = Cl,  Br, I d e r iv a t iv e s  in the  region 350 and 60 cm”  ̂ a re  v i r t u a l l y  

i d e n t i c a l  as can be seen in  Table 7. No subs tan t ive  t in -ha logen  i n t e r 

a c t io n s  are p resen t ,  and the  products are t r u e  s a l t s .

S t ru c tu ra l  Conclusions 

The tin-119m Mossbauer da ta  show t h a t  the  t i n  atoms in the  com

pounds are in a f ive -coo rd ina ted  geometry in a l l  but  the  8-hydroxy- 

qu ino l ine  complex which i s  probably s ix -coord ina ted  and o c t a h e d ra l ,  and

from th e  small magnitude o f  th e  QS value contains  a c i s - diphenyl t i n  sys- 
35tem. That the spec t ra  a r e  double t  in nature  fo r  the  o the rs  serves to

ru le  out  the  p o s s i b i l i t y  t h a t  the compounds a re  d e r iv a t iv e s  of  the  y l i d e

s t r u c t u r e s ,  B̂, ( vide supra ) ,  s ince  these  t e t rao rgano t in ( IV )  spec ies  would 
32give s i n g le t s  only,  and can ins tead  be formulated as phosphobetaines 

with the  t i n  groups bonding through the carboxyl a t e  oxygen atoms. The 

absence of  ambient temperature Mossbauer spec t ra  does not ru le  out bridging
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r a th e r  than che la t ing  forms,  and the  quest ion of  involvement of  the anion 

group, X, a r i s e s .  In te ra c t i o n  with groups such as the  B(CgHg)^ i s  ruled 

out ,  however; y e t  the Mossbauer data fo r  t h i s  d e r iv a t iv e  a re  not d i f f e r 

ent .  A more d ec i s iv e  t e s t  involves th e  t e t r a c a rb o n y l c o b a l t a t e  d e r i v a t iv e ,  

where th e  i n f r a r e d  spectrum of  the  t r a n s i t i o n  metal moiety i s  conclusive 

fo r  t e t r a h e d r a l  symmetry and hence no i n t e r a c t i o n  with th e  t i n  atom. The 

iden t ica l  Raman da ta  fo r  the  ha l ides  in the  low frequency region are c o r 

robora tory  in t h i s  regard .  Conductivi ty measurements in dimethylform- 

amide f o r  [ ( CgHg) ( CHg)2COgSn(CgHg)g]^Cl" give a molar  conduc t iv i ty  

value,  = 48 cm’  ̂ M”\  c h a r a c t e r i s t i c  o f  a 1:1 e l e c t r o l y t e  which

can be compared with 65 cm~  ̂ M~̂  f o r  the  known ion ic  complex SnCl^«
392 SalH-Ii-£-toly l  in the same s o lven t .  Thus these  systems are formulated 

as s a l t s .

Tin bonding through the a c e t a t e  group in a f ive -c oo rd ina te d  form

suggests an a s s o c ia t io n  through oxygen atoms bridging f l a t  t r im e thy l t in ( IV )

groups in th e  u n iv e r s a l ,  a x i a l 1y -m os t -e lec t ronega t ive  t r ig o n a l  bipyramidal

con f igu ra t ion .  Unfortunate ly ,  in f r a re d  absorp tion bands o f  the  l igand

obscure the  v(SnCg) mode r eg ion ,  thus denying the information necessary

to decide whether the t r im e th y l t in ( IV )  moiety i s  t r u l y  p lana r .  The lowered

in f ra red  vfCOg) absorp tion f requenc ies  f o r  the  a c e t a t e  group support the

suggest ion o f  th e  use of  both the carboxyate oxygens in coordina tion  to
7 8t i n ,  most l i k e l y  in the  well-known br idging a c e t a t e  form. *

The s t r u c t u r a l  proposal f o r  these  systems i s  presen ted in Ç  in 

which a polymeric chain o f  br idging carboxyla te  groups conta ins  dangling 

tr iphenyl  phosphonium ca t ions :
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The 8-hydroxyquino!atodiphenyl t in(IV) d e r i v a t i v e ,  on the  o the r  hand, i s ,  

from the very low IS va lue,  s ix -coord ina ted  a t  t i n ,  and the magnitude of  

i t s  Mossbauer QS value s p e c i f i e s  a c i s - diphenyl t i n  c o n f igu ra t ion .  The 

qu in o l ina to  group wil l  c h e la te  in a c i s - fa sh ion ,  too ,  but t h i s  does not 

serve to determine the  connec t iv i ty  o f  the  br idging carboxyla te .  S truc

t u r e  £  can be w r i t t e n  in a ci  s - , c i s - , t r a n s - conf igu ra t ion  without  wish

ing to  spec i fy  the way in which the  carboxyla te  groups a re  bound:
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The double s a l t s  with t r i o rg a n o t in  res idues  in both the  anion 

and ca t ion  should behave in  a s t r a i g h t  forward manner s t r u c t u r a l l y ,  with 

t h e i r  s o l id s  composed o f  t i n  anions and c a t io n s ,  both t r i g o n a l  bipyramid

al . The [RjSnClg]" anion has been charac te r ized  s t r u c t u r a l l y  fo r  R =

CHg in the  [Mo(n^-CgHg)gS^]* s a l t , * ^  and the s t r u c t u r e  o f  the  t r igona l  

bipyramidal [(CHgjgSnClg]" anion i s  known in i t s  double s a l t  with the

[(CHg)2SnCl-terpy]^ c a t i o n , b u t  no double s a l t s  a re  known with t i n  in
7 Rboth a t r igona l  bi pyramidal anion and ca t ion .  ’

The spec troscopic  evidence,  however, p resen ts  a more puzzling p ic 

tu r e .  The Mossbauer s p ec t r a  of  a l l  the double s a l t s  conta in  only a sim

ple doublet .  This has been observed before f o r  the double s a l t  [RgSnCl-ter]^ 

[RgSnClg]" discussed above where su rp r i s in g ly  wel l -de f ined  double ts  are 

recorded fo r  the bent  t r a n s - dimethylt in(IV) octahedral  c a t ion  and the
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3 7t r igona l  bipyramidal anion combination where R = CHg, n-C^Hg and CgHg. 

More r ecen t ly ,  the same phenomenon has been observed fo r  the te rpyr idy l  

adducts of  the d iha lo te t r ap h en y ls t an n o le s . The so le  s i m i l a r i t y  l i n k 

ing the  pos i t ive  and negative ions in these  cases which produce super

imposable spec tra  i s  the number of  bonds t i n  makes to  carbon, and the 

na ture  of  the at tached organic  groups.  In the  phosphonium s a l t s  s tudied 

here the  d if fe rences  should be l e s s  severe s ince  both ions are  f iv e - c o 

ord ina ted ,  presumably a x ia l ly -m o s t -e lec t ro n eg a t iv e  with a r e l a t i v e l y  

planar  t r ipheny l t in ( IV )  system a t  the  equa tor  o f  the ion.  Yet, a d i r e c t  

comparison of  the Mossbauer da ta  f o r  the phosphonium ca t ion  ha l ide  or  

pseudohalide s a l t  and those fo r  the  double s a l t s  as presented  in Table 2 

reveal a l a rg e r  l inewidth and a QS value somewhat higher fo r  the l a t t e r ,  

both being outs ide  experimental e r r o r .  The IS values fo r  the  double 

ch lo r ide  and bromide s a l t s  are a l s o  smaller  ou ts ide  experimental e r r o r .  

These data taken toge ther  seem to  i n d i c a te  t h a t  the t i n  atoms in these  

double s a l t s  may be in a higher coordinated s i t u a t i o n  than in t h e i r  sim

ple  precursor s a l t s ,  but th e re  i s  no compelling argument to  account 

fo r  how t h i s  could come about .  Anion-cat ion bridging by c h lo r id e ,  bro

mide or  azide groups,  while c e r t a i n l y  poss ib le  f o r  these  f ive-coord ina te d  

species unlike in the s ix -coord ina ted  RgSn ca t ions  t h a t  are s tud ied  be

f o r e , w o u l d  have to be coupled to  a s im i la r  bridging of  the  anions 

to bring the t i n  atoms in these  spec ie s  to  a s ix -coordina ted  s t a t e  as 

well .  This s i t u a t i o n  seems to  be u n l ik e ly  s ince  th e re  i s  l i t t l e  prece

dence fo r  t r i o rg a n o t in  moie t ies  being complexed by more than one donor 

atom to  form R^SnLg spec ie s ,  al though the  complexing moiet ies  here bear 

oppos ite  charges which would a s s i s t  in t h e i r  pa i r ing .  Indeed, in the
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s o l id  quinolinium t r i c h lo ro d im e th y l s t an n a te ( IV ) , [CgHgN]^[(CH2)2SnCl23", 

th e re  i s  a c lo se  co n ta c t  between t i n  and ch lo r in e  o f  neighboring anions
O

a t  3.486 A to  form dimeric d ian ionic  u n i t s  con ta in ing  s ix -coord ina ted  t i n  

a t o m s . I n  a d d i t i o n ,  the  s t r u c t u re  o f  d iphenylt in ( IV)  d ic h lo r ide^^  has 

been r e in t e r p r e t e d  in terms of  t e t ram er ic  u n i t s  con ta in ing  te rm ina l ,  four-  

coordinated molecules ,  one of  whose ch lo r in e  atoms forms a s in g le  bridge 

to the  two cen t ra l  molecules which engage in f o u r - c e n t e r  bridging between 

them to  produce s ix -co o rd in a t io n  a t  t i n . * ^  Tr iphenylt in ( IV)  ch lor ide  on 

the o the r  hand, forms a c ry s ta l  of  m o n o m e r s . I n  the  more favorab le  

e l e c t r o s t a t i c  s i t u a t i o n ,  dimeric [(CgHgl^SnXglg" u n i t s  could c ro s s - l in k  

the  l i n e a r ,  carboxyla te -br idged  polymers by br idging  the  t i n  atoms in two 

chains to  produce s t r u c t u r e  £  in which a l l  the  t i n  atoms a re  now s ix -  

coordinated of  th e  RgSnXOg type:

■ V “"Î
4 ! / - o A

I

/ j \ /l\

2 -

—:Sn;p- 

1 2
n+

■*n

X

->Sn-

/ | \

• V

( E )
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Trimethylt in(IV) chloride^® and az ide^^ ’^® form s ing ly  bridged s o l id s .

The add i t iona l  i n t e r a c t i o n s  depic ted  in E are  not  r e f l e c t e d  in higher 

melt ing points  o f  th e se  double s a l t  s o l i d s .

The NMR evidence presen ted  in Table 5 i s  even more puzzling.  Un

fo r tu n a t e ly ,  i t  was not  poss ib le  to  i s o l a t e  e i t h e r  the double s a l t  based on 

methylt in(IV) ch lo r id e  or  th e  simple s a l t  derived from methyl diphenyl t i n  

(IV) c h lo r id e ,  but both mixtures  o f  the  simple s a l t  o f  th e  former and 

add i t iona l  t r i m e t h y l t i n  c h lo r id e  in a 1:1 r a t i o ,  o r  the  l a t t e r  double 

s a l t  give s ing le  s e t s  o f  sharp NMR resonances with t in -117  and 119 s a t e l 

l i t e s .  The chemical s h i f t s  s tay  r e l a t i v e l y  cons tan t  in going from the 

simple ch lo r ide  to  th e  phosphonium ch lo r ide  s a l t  to  the  double s a l t ,  but 

the  coupling c o n s ta n t s ,  which a re  p o t e n t i a l l y  more in format ive about the 

s t ru c tu ra l  s i t u a t i o n  a t  the  t i n  atom, t e l l  a confused s to ry  since in the 

t r i m e t h y l t i n  case th e  phosphonium ch lo r ide  s a l t  value i s  in d i c a t i v e  of  

coordina tion higher than four  a t  t i n ,  but  t h i s  value drops on adding t r i 

methylt in  ch lo r id e .  However, the  double s a l t  o f  the  methyl diphenyl t i n  

d e r iv a t iv e  ex h ib i t s  a coupling  cons tan t  c o n s i s t e n t  with higher coordina

t io n .

The simple NMR s ig n a l s  observed f o r  each of  th e se  double s a l t s  

must r e s u l t  from e i t h e r  the  i d e n t i t y  of  the  ^ - e l e c t r o n  dens i ty  d i rec ted  

along the  m e thy l - t in  axes in th e  equa to r ia l  po s i t io n s  o f  the  tr igonal  b i-  

pyramidal anion and ca t ion  o r  from a dynamic process which could scramble 

the two t i n  s i t e s . T h e  former i s  unl ikely given the s e n s i t i v i t y  o f  the 

NMR technique to  small changes,  but s t r u c t u r e s  such as £  could serve as 

intermedia tes in a process by which ch lo r ine  and oxygen at tachments are 

exchanged via fou r -cen te red  in t e r a c t io n s  as in the  e q u ib r i a  involving ion
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pa i r ing  in £ ,  followed by d i s s o c i a t i o n  and ch lo r id e  exchange s teps :  
0 0 

[(CgHgjgPfCHgigC -  0 -  SnR gf  j  (CeHgigPfCHgigC-O + XSnRg ( 2 .8 )

RgSn
RgSnX

If

[(CgH5)3P(CH2 )2C - 0 -  SnR^]*

+ [X^SnRg]"

The RgSn group remains i n t a c t  throughout the  processes descr ibed  in Eq.

2.8 and thus  t h e  NMR |^J(^^^Sn-C-^H)] coupl ings a r e  observed in the methyl- 

t i n  case .

The v a r i a t i o n  o f  the  t in -methy l  coupling c ons tan t  of  t r im e th y l t i n  

ch lo r ide  in a chloroform s o lu t io n  o f  t r i m e t h y l t i n  ch lo r id e  and t r i p h e n y l - 

phosphonopropionbetaine was recorded to  probe the  p o s s i b i l i t y  o f  such in 

t e r a c t i o n s  and th e  data  a re  l i s t e d  in Table 8 . I t  i s  seen t h a t  the  coup

l i n g  cons tan t  decreases when the  propor t ion o f  the organotin  ch lo r ide  i s  

in excess o f  t h e  1:1 s to ich iometry .  Only one methyl s ignal  i s  observed.  

The widths a t  h a l f -h e ig h t  o f  the se  resonances a re  ca .  1 Hz.

Summary

Trimethyl -  and t r i p h e n y l t in ( IV )  hydroxide a c t  on t r i p h e n y l ( 2 - c a r -  

boxyethyl )phosphonium hydrochlo r ide ,  which i s  made from 3-ch loropropionic  

ac id  and tr iphenylphosphine ,  to  r e l e a s e  water  in the  presence o f  dimethyl- 

formamide (DMF) as a c a t a l y s t .  The water  i s  a z e o t r o p i c a l ly  d i s t i l l e d  to 

d r ive  the  r e a c t io n  forward and produce t r i  phenylphosphonopropi onbetai ne- 

t r im e th y l -  and t r i p h e n y l t in ( IV )  c h lo r id es  in high y i e l d .  The l a t t e r  pro

duct  al so  r e s u l t s  from the displacement o f  c h lo r ide  from t r ip h en y l t in ( IV )
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ch lor ide  by the  phosphobetaine,  (CgHg)2P(CH2)2C02, which i s  made by t r e a t 

ing the phosphonium hydrochloride with bicarbonate,  and the  compounds 

[(C6H5)3P(CH2 )2C02Sn(C6H5) s ] V  where X = Cl,  Br, I ,  N3 , NCS, NO3 , B(Cg- 

Hg)q and Co(CO)^ a r e  made in the same way. The a c e ta t e  s a l t  r e s u l t s  from 

meta thesis  from the  ch lo r ide  and l e a d ( I I )  a c e t a t e .  A double s a l t ,  [Cg-

i s  formed fo r  X = Cl,  Br and N3 by adding 

add i t iona l  (CgHg)3$nX to  the  already-formed simple s a l t s .  Double s a l t s  

are also obta ined form the  1:1 r eac t io n s  between the  phosphobetaine and 

t r i p h en y l t in ( IV )  isocyana te  and methydiphenylt in( IV) ch lo r ide .  The phos

phonium ch lo r id e  double s a l t  could be converted to  th e  thiophosphonium 

d e r iv a t iv e  by heat ing with elemental s u l f u r  in ethanol .  The products of  

these  novel nuc leoph i l i c  displacement r eac t io n s  are  high melt ing s o l id s .  

Tin-119m Mossbauer data  a re  c o n s i s t e n t  with f ive -c oo rd ina te d ,  t r io rg an o -  

t in ( IV)  formula t ions  with the  exception of  the  diphenyl(8-hydroxyquino- 

l i n a to ) t i n ( I V )  ch lo r id e  s a l t  in which the  t i n  atom is  s ix -coord ina ted ,  

and the diphenyl t i n  system c i s - o r i e n t e d .  The parameters otherwise  do not 

change with the na tu re  o f  the X group,  which in the  t e t r a c a rb o n y lc o b a l t a t e  

d e r iv a t iv e  i s  t e t r a h e d ra l  by in f r a r e d ,  e s t a b l i s h in g  the  i o n i c i t y  o f  the 

products .  The c h lo r id e  e x h ib i t s  a molar conduc t iv i ty  in d i c a t i v e  of  a 

1:1 e l e c t r o l y t e  in DMF. A bridging a c e t a t e  s t r u c t u r e  in the  s o l id  i s  con

s i s t e n t  with th e  lowered v(C02) f requenc ies .  The Mossbauer spec t ra  of  

the  double s a l t s  give simple double ts  o f  lowered isomer s h i f t  (IS) and 

ra ised  quadrupole s p l i t t i n g  (QS) which may a r i s e  from a c ro s s - l in k in g  ion 

pai r ing of  the  polymer chains in the  s o l id ,  and the  NMR spec t ra  of  the 

two methyl t i n  d e r iv a t iv e s  shows only a s ing le  resonance l i n e  and t i n  s a t e l 

l i t e s  which i s  r a t i o n a l i z e d  by a dynamic exchange process.  The products a re
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formulated as a s soc ia ted  t i n  carboxylate polymers with dangling tr ipheny l '  

phosphonium ca t ions .



TABLE 1

TRIPHENYLPHOSPHONOPROPIONBETAINETRIORGANOTIN(IV) SALTS-

ompound
Found (Calcd) 

mp °C{decotnp.) % C
Found (Calcd)

% H Yield(%)

[(CgH5 ) 3 P(CH2 ) 2 C0 2 Sn(CH3 ) 3 f c T 173-74 54.19 (54.01) 5.31 (5.25) 80

C(C6 H5 ) 3 P(CH2 ) 2 C0 2 Sn(C6 H5 ) 3 ]^C T 195-97 65.09 (65.07) 4.79 (4 .73) 90

C(CgH5)3P(CH2)2C02Sn(CgH5)3]'^Br’ 183-84 62.01 (61.29) 4.59 (4 .45) 80

[ ( CgHg)3P ( CH2  ) 2C02Sn ( CgHg)3]‘" r 183-84 60.58 (57.74) 4.61 (4 .19) 70

[ ( CgHg )3P ( CH2  ) 2C02Sn ( CgHg ) 3]'^NCS’ 198-99 64.81 (64.72) 4.64 (4.58) 90

[(CgHg)3P(CH2)2C02Sn(CgHg)3]+N3" 154-55 62.79 (64.49) 4.63 (4 .69) 70

[(CgH5 ) 3 P(CH2 ) 2 C0 2 Sn(CgH5 ) 3 f N 0 3 ' 162-64 61.39 (62.76) 4.70 (4 .46) 80

[ ( CgHg ) 3 P ( CH2  ) 2 C0 2 Sn ( CgHg ) gj'^CHgCOg" 170-73 64.55 (66.24) 4.90 (4 .98) 50

[(CgH5)3P(CH2)2C02Sn(CgHg)3]''B(CgH5)4' 190-92 71.94 (75.41) 5.45 (5 .39) 60

[(CgHg)3P(CH2)2C02Sn(CgH5)3]'^Co(C0)4' 107-08 56.35 (60.38) 4.58 (4 .33) 60

188-90 61.66 (61.93) 4 .53 (4.44) 80

[(CgHg)3 P(CH2 ) 2 C0 2 Sn(CgH5 ) 3 f [ (C g H g ) 3 SnBr2 ] ' 183-84 59.44 (57.32) 4.48 (4 .11) 60

en



TABLE 1 ,  c o n t ' d .

Found (Calcd) Found ( Calcd}
Compound mp °C(decomp ) % C % H Yield(%)

[(C6H5)3P(CH2)2C02Sn(CgH5)3f[(CgH5)3Sn(N3)2]‘ 152-53 61.36 (61.21) 4 .59  (4 .39) 80

[(CgHg)3 P(CH2 ) 2 C0 2 Sn(CgHg)3 ]+[(CgHg) 3 Sn(NC0 ) 2 ]" 149-52 61.22 (63.36) 4 .80  (4 .39) 60

[(CgHg)3P(CH2)2C02SnCH3(CgHg)2]+[CH3(CgHg)2SnCl2]" 105-06 57.60 (57.52) 4.95 (4 .59) 30

[(  CgHg ) 3 PS ( CHg ) 2 C0 2 Sn {CgHg ) ( CgHg ) aSnCl 2 ] ' 173-74 58.13 (60.19) 4.30 (4 .31) 50

[(CgH5)3P(CH2)2C02Sn{CgH5)2(C9HgN0)fcr 172-75 62.89 (64.11) 4 .07  (4 .45) 30

- A n a l y s e s  performed by G a lb ra i th  L a b o ra to r i e s ,  Knoxvil le ,  Tennessee.

cn



TABLE 2

T IN -119m MOSSBAUER DATA FOR THE TRIPHENYLPHOSPHONOPROPIONBETAINETRIORGANOTIN(IV) SALTS AT 77K IN mm s -1

IS+0.03 QS+0.06 r+0.03 p=QS/IS

[(C6 H5 ) 3 P(CH2 ) 2 C0 2 Sn(CH3 ) 3 f c r 1.30 3.45 1.35 2.65

[(CgH5 ) 3 P(CH2 ) 2 C0 2 Sn(CgH5 ) 3 ] ' " c r 1 . 2 2 2.90 1.24 3.28

[(CgH5 )3 P(CH2 ) 2 C0 2 Sn(CgHg)3 ]+Br’ 1 .26 3.00 1.05 2.38

C(CgH5 ) 3 P{CH2 ) 2 C0 2 Sn{CgH5 ) 3 f l - 1 . 1 0 2.98 1.45 2.95

[ ( CgHg)3 P(CHg)gCOgSn( CgHg) 3  fNCS" 0.96 3.05 1.28 3.18

[ (CgHg) 3 P( CH2 ) gfO^Sn( CgHg)3 ]+N3 " 1 . 0 0 3.01 1 . 2 2 3.01

[( CgHg ) 3 P(CH2 ) 2 C0 2 Sn( CgHg ) 3 ]'^N0 3 " 1.25 3.23 0.89 2.58

[ ( CgHg) 3 P ( CH2  ) giCO^Sn ( CgHg)3]+CH3C02" 1.19 2.90 1.32 2.44

[(CgHg)3P(CH2)2C02Sn(CgHg)3fB(CgHg)^" 0.98 3.06 1.60 3.12

[(CgHg)3P(CH2)2C02Sn(CgHg)3fco(C0)4" 1.21 2.96 1.17 2.45

[ ( CgHg)3 P(CH2 ) 2C02Sn{CgHg)2 (CgHgNO)]+Cl" 0.71 2.17 2 .1 5 ,3 .1 8 3.06

C(CgHg)3P(CH2)2C02Sn(CgHg)3f[(CgHg)3SnCl2]“ 1.05 3.14 1.41 2.99

-p>



TABLE 2 ,  c o n t ' d .

IS+0.03 QS+p.06 r+0.03 p=QS/IS

[(C6"5)3P(C"2)2C02Sn(C6"5)3]*[(C6"5)3SnBr2]" 1.09 3.16 1.21 2.90

t(C6Hs)3P(CH2)2C02Sn(CgH5)3f[(CgH5)3Sn(N3)2]’ 1.02 3.10 1.50 3.04

[(C6H5)3P(CH2)2C02Sn(C6H5)3f[(C6H5)3Sn(NC0)2r 0.98 2.92 1.14 2.98

[ ( CgHg )3P ( CH2 ) gCO^Sn ( CH3 ) ( CgHg) 2]"" [ ( CH3 ) ( CgHg) 2

SnCl2]' 1.35 3.36 2.55 2.49

[ ( CgHg)3PS(CH2 )2C02Sn(CgHg)3]+[(CgHg)3SnCl 1.28 3.15 1.02 2.45
oo
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TABLE 3 ,  c o n t ' d .

[(CGHsigPtCHgigCOgSnfCHgitCgHsigJ+CfCHgifCgHglgSnClg]" 1442(vs) ,  m O ( s ) ,  730(vs ) ,  690(vs ) ,  500(m),

— Recorded as Nujol Mulls on KBr p l a t e s  and po ly s ty rene  f i lm .

— s =s t rong ,  m = medium, w = weak, v = very ,  sh = s hou lde r ,  br  = broad.

CJï



TABLE 4

INFRARED ABSORPTIONS FOR THE CARBOXYLATE SYSTEM IN TRIPHENYLPHOSPHONOPROPIONBETAINETRIORGANOTIN SALTS

(cm~^)

vco^(asym) Other v ' s

1593,1583

(C 6H 5)3P (C H 2)2S n (C H 3)3]'^ cr 1616

( CgHg) g P ( CHgigCOgSn( C gH gigJ+C l■ 1643

(C6H 5)3P(CH 2)2C02Sn(CgH 5)3]'*’B r ' 1647

(C G H sisP -C H glgC O zS n fC gH g),]* !- 1646

( CgHg) 3P ( CH2) 2C 02Sn( CgHgjjJ+NCS" 1646

( CgHg ) 3P ( CH2 ) 2C02Sn ( CgHg ) 3 ] ^ ' 1642 , 1586,1548

( CgHg ) 3P ( CH2 ) 2C02Sn ( CgHg) 3 ^  NC3" 1648

( CgHg ) 3P ( CH2 ) 2C02Sn ( CgHg ) 3]'^CH3C02‘ 1645

( ̂ 6^5 ) 3^ ( ̂ ^2  ̂  ̂̂ 6^5 ̂  3 ̂  ® ̂  ̂ 6^5 ̂ 4 1646

( CgHg) 3P( CH2) 2C 02Sb(C gH g)3J+C 0( CO) 1635,1585

2050 (v^Qg)

2075,2065,2045 (v„ ) -  
■̂3

"NO- cannot be loca ted

1885 ( vçq) -

cnro



TABLE 4 ,  c o n t ' d .

vco2 (asym) Other v ' s

[ ( C g H g ) 3 P ( C H g ) gCOgSn( C g H g ) g ( C g H g N 0 ) ] + C 1 ' 1585,1575,1560

[{C6Hg)3P(CH2)2C02Sn(C6Hg)3f[(C6H5)3SnCl2r 1600,1585,1575

[ ( C g H g ) 3 P ( C H 2 ) 2 C 0 2 S n ( C g H g ) 3 f [ ( C g H g ) 3 S n B r 2 ] ' 1587,1575,1557

[ ( C g H g ) 3P ( C H 2 ) 2C02S n ( C 6H g ) 3 f [ ( C g H g ) 3S n ( N 3 ) 2 ] " 1587,1574,1569 2075,2065 (v,  ̂ ) -

[ ( C g H g ) 3P ( C H 2 ) 2C02S n ( C 6H g ) 3 f [ ( C g H g ) 3S n ( N C 0 ) 2 ] "

[ ( C g H g ) 3 P ( C H 2 ) 2 C 0 2 S n ( C H 3 ) ( C g H g ) 2 f [ ( C H 3 ) ( C g H g ) 3 S n

1645 2205

□  2] ' 1585,1575,1560

[ ( C g H g ) 3P S ( C H 2 ) 2C02S n ( C g H g ) 3 f [ ( C g H g ) 3S n C l 2 ] ‘ 1585,1575,1560

— The mode in  (CgHglgSnNCS i s  a t  2080 cm”^ .

- T h e  mode in (CgHg)3SnN3 i s  a t  2100, 2080, 2065 cm"^  

- T h e  vgQ mode in (CgHg)38000(CO)^ i s  a t  1890 c m " \

— The Vĵ jgQ mode in  (CgHg)3SnNC0 i s  a t  2230 cm” ^.

en
w
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TABLE 5

NMR DATA FOR THE METHYLTIN(IV)-CONTAINING DERIVATIVES

dCHgiPpm

(CHgigSnCI (CDCI3) 0 . 69^ 57 . 8^

[  { CH3 ) gfnOgC ( CHg ) gP ( CgHg ) 3 ^ 0 1  " 0.64 72.8

" + (C H 3)38001 1:1 0.64 64.5

CH3(C6H5)2SnCl 0 .8 8 60.0

[C H 3(C gH g)2S n02C (C H 2)2P (C gH g)3 f

[C H 3(C gH g)2S nC l2 ]‘ 1 .0 0 76 .0

-  R é f. 50 .

-  R é f. 51 .



TABLE 6

COMPARISON OF THE MELTING POINTS, °C. ,  AND TIN-119m MOSSBAUER DATA FOR THE HALIDE AND AZIDE
SIMPLE AND DOUBLE SALTS IN mm s ‘  ̂ AT 77K

mp IS+0.03 QS+0.06 r+0.03

[(CgH5) 3P(CH2) 2C02Sn(CgH5)3f c r 195-197 1.22 2.90 1.25

[(CgH5)3P(CH2)2C02Sn(C6H5)3f[(C6H5)3SnCl2]' 188-190 1.05 3.14 1.41

[(C6H5)3P(CH2) 2C02Sn(C6H5 )3f N 3‘ 154-155 1.00 3.01 1.22

[(C6H5)3P(CH2)2C02Sn(CgH5)3]+[(CgHg)3Sn(N3)2]" 152-153 1.02 3.10 1.50

[(C6H5)3P(CH2 )2C02Sn(CgH5 )3f B r ' 183-184 1.26 3.00 1.05

C(CgHg)3P{CH2 )2C02Sn(CgH5)3f [ ( C g H 5)3SnBr2] ' 183-184 1.09 3.16 1.21

in
in
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TABLE 7

RAMAN DATA FOR THE SIMPLE HALIDE SALTS BETWEEN 350 AND 50 cm"^

[(C6H5)3P(CH2)2C02Sn{CgH5)3fcT 255, 205, 70

[((^6^5)3""(^"2 )2^°2^"(^6^5)3^^^^" 255, 202, 70

[(C6H5)3P{CH2)2C02Sn(C6H5)3]'*T 255, 202, 70
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TABLE 8

VARIATION OF THE NMR TIN-METHYL COUPLING CONSTANT IN 
TRIMETHYLTIN(IV) CHLORIDE IN CHLOROFORM SOLUTIONS 

OF (CgHgjgPfCHglgCOg

[(CHgigSnCT]

[(CHgjgSnCl] + [(CgH5)3P(CH2)2C02] l^J(^^^Sn-C'^H) 1

0.299 71.8 Hz

0.442 71.8

0.483 70.4

0.646 67.8

0.680 66.6

0.710 64.8

0.783 64.4

0.814 63.8

0.834 63.8
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CHAPTER 3

DI- AND TRIORGANOTIN(IV) DERIVATIVES OF DIPHENYLPHOSPHINYL- 

AND DIPHENYLTHIOPHOSPHINYL-ACETIC ACID

Introduct ion

Triorganotin(IV )  carboxyla tes in which th e  carboxyla te  moiety con

t i e n s  an organophosphorus s u b s t i t u e n t  can be prepared from tr iphenyl  (2- 

carboxyethyl )phosphonium ch lo r id e ,  [(CgHg)2P{CH2)2C02H]^Cl” , and organo- 

s tannols  with the  r e l e a s e  o f  water:

RgSnOH + [(CgHg)2p(CH2 )2C02H]+Cl" (3.1)

[R3Sn02C(CH2)2P(CgH5)3]+Cl" + H2O 

or  from th e  n u c leo p h i l i c  displacement of  ha l ide  from organotin(IV) hal ides  

by the phosphobetaine,  (CgHg)2P(CH2)2C02 :

RgSnX + (CgHg)3p(CH2 )2C02 (3.2)

[R3Sn02C(CH2 )2P(CgHg)3]+X- 

Double s a l t s  r e s u l t  from a 2:1 r a t i o  of  r e a c t a n t s :

2R3SnX + (CgHg)3p(CH2)2C02 ( 3 . 3 )

[R3Sn02C(CH2 )2P(CgHg)3f[R3SnX2]"

The s t ru c tu re s  o f  th e s e  p o t e n t i a l l y  dua l -ac t ing  bioc idal  m a te r ia ls  were 

discussed on the  bas is  of  th e  physical and spec t roscop ic  data in terms 

o f  a polymer chain o f  bridging carboxylate  groups with dangling t r i p h e n y l -

61
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phosphonium c a t io n s . ^  In one case conversion to  the thiophosphonium 

de r iv a t iv e  was e f f e c t e d  by the  ac t ion  o f  elemental s u l fu r  which produced 

the double s a l t  as  t h e  product;

[ ( CgH  ̂) gSnOgC ( CHg ) gP ( CgHg ) g f  Cl " + S -+ (3 .4)

[(CgHg)gSn02C(CH2)2P(CgHg)g]'"[(CgHg)gSnCl2] -

The phosphorus(V) chalcogenide atom would be expected to  compete with the 

carboxyla te  oxygen as t h e  base atom o f  choice f o r  donation to  t i n . ^  In 

t h i s  present  i n v e s t ig a t io n  the  P=0 funct ion i s  placed on the  a-carbon of

the  carboxylic ac id .  The r e s u l t i n g  products  would then be analogous to
2 3the  o-amino acid d e r i v a t i v e s .  ' In t r imethyl  t in ( IV )  g l y c in a t e ,  amino 

group bridging to  t i n  i s  preferred*  to  the  more genera l ly  known carboxy

l a t e  a s soc ia t ion .^*^

The p repara t ion  o f  a s e r i e s  o f  t r io rgano t in ( IV )  diphenylphos-
0 0

phinylace ta tes  o f  t h e  form R2SnOCCH2P(CgHg)2 by two methods of  syn thes is  

i s  described here.

Experimental Section 

Diphenylphosphinylacet ic  acid^"^^ was prepared from the sodium s a l t  

o f  diphenylphosphine oxide and ch lo roace t ic  acid through a modif ica t ion  

of  a l i t e r a t u r e  method:^

(CgH5 ) 2 ?H + CICH2 COH + 2Na ^2^5°^ (CgHg)2PCH2C0Na + NaCl (3 .5)

Q 0
(CgHg)2PCH2C0H

11  1 2and the  th i o  d e r i v a t i v e  * was prepared by the  ac t ion  o f  elemental s u l 

fu r  on diphenylphosphonylacetic  acid:^^
0 § Q

(CgHg)2pCH2C0H + S ^  (CgHg)2PCH2C0H (3 .6)
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The s t a r t i n g  o rganotin  compounds were g i f t s  from M & T Chemicals, I n c . ,  

and diphenylphophine oxide was purchased from Alfa Ventron. Thall ium(I)  

ethoxide was an Aldrich product .  Other reagents  were a lso  a r t i c l e s  of  

commerce.

The ^^^^Sn Mossbauer spec t ra  were recorded on a Ranger Engineering 

c o n s ta n t - a c c e le r a t io n  spect rometer  equipped with a sodium iodide propor

t i o n  counter .  The source was Ca^^^SnOg (New England Nuclear Corp.) and 
119Ca SnOg was th e  re fe renc e  mater ia l  fo r  zero ve loc i ty  a t  room tempera

t u r e .  The ve lo c i ty  c a l i b r a t i o n  was based on e - t i n  and iron f o i l s .  The 

Ranger Engineering var iab le - tempera tu re  l i q u id  ni t rogen dewar and c o n t ro l 

l e r  used in the se  s tu d ie s  were regula ted by a v a r ia b le -b r id g e ,  s i l i c o n -  

co n t ro l1e d - r e c t i f i e r  c i r c u i t ,  and the temperature was kept a t  77K fo r  

the  measurements. The da ta  were sto red  in 512 channels o f  the  Tracor 

Northern Model TN-1314 multichannel  analyzer and the  r e s u l t a n t  spec tra  

f i t t e d  assuming a Lorentzian l i n e  shape.

In f ra red  spec t ra  were recorded on a Beckman 4250 spectrometer  as 

Nujol mulls  on KBr d i s c s ,  and the  spec tra  were c a l ib r a t e d  with polys tyrene.  

Raman spec t ra  were recorded on a Spex Ramalog 5 l a s e r  ins trument.  Mass 

spec t ra  were recorded on a Hewlett-Packard 5985B GC/MS system a t  70 eV. 

Proton NMR spec t ra  were recorded on a Varian XL-100 instrument.  The phos- 

phorus-31 and t in -1 1 9  spec t ra  were recorded on Four ier  t ransform Bruker 

WP-80 and SXP-109 ins truments ,  r e s p ec t iv e ly ,  by M. Magerstadt a t  th e  Tech

nical  Univers i ty  of  B e r l in ,  Germany. Carbon and hydrogen analyses and 

molecular weight  de te rminations  were performed by Galbra i th Labora to r ies ,  

I n c . ,  Knoxville,  TN.

The compounds s tud ie d  are  l i s t e d  with the preparat ive methods used
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and t h e i r  y i e l d s ,  melt ing points  and microanaly t ica l  data in Table 1.

Tin-119m Mossbauer da ta  a re  l i s t e d  in Table 2,  mass s pec t ra l  data in 

Tables 3-4,  in f r a r e d  da ta  in Tables 5 and 6 , and P-31 and Sn-119 NMR 

data in Tables 7 and 8 , r e s p e c t iv e ly .

Diphenylphosphinylphosphinylacet ic Acid,

To sodium metal (5.7 g, 0.25 g -a t )  d isso lved  in abso lu te  ethanol 

was added diphenyl phosphine oxide (25.0 g,  0.124 mol) fo l lowed by chloro

a c e t i c  ac id  (11.7 g,  0.124 mol). The white sodium s a l t  p r e c i p i t a t e  was 

heated fo r  2 h, cooled,  f i l t e r e d ,  d is solved  in water  and th e  so lu t ion  

a c i d i f i e d  with 1:2 s u l f u r i c  ac id .  The r e s u l t i n g  diphenylphosphinylacet ic  

acid was ex t rac ted  in to  chloroform, the  e x t r a c t  d r ied  with anhydrous 

magnesium s u l f a t e ,  and th e  so lven t  removed to give  th e  ac id  (21 g, 70% 

y i e l d ) ,  mp 144 - 45° C ( l i t . ^ ‘ ^° 142 - 46° C).

Thall ium(I)  Diphenyl phosphinylace ta te ,  (CgHg)2P(0 )CH2C02Tl

Di phenylphosphi n y la ce t i c  ac id  (7.80 g, 30.0 m mol) was dissolved 

in absolu te  ethanol (50 mL) and th a l l i u m ( I )  ethox ide (7.48 g,  30.0 m mol) 

was added. The white product  p r e c i p i t a t e d  immediately in q u a n t i t a t iv e  

y i e l d ,  and was f i l t e r e d  and washed with e th an o l ,  mp 201 °C (d) .

Diphenylthiophosphinylacet ic  Acid, (CgHg)2P(S)CH2C02Ĥ ^

This compound was prepared in q u a n t i t a t i v e  y i e l d  by adding a s t o i 

chiometric  amount o f  elemental s u l f u r  to diphenylphosphonylacetic  acid^^ 

in a c e t o n i t r i l e ,  mp 193 - 95° C ( l i t . ^ ^ * ^ ^  190° C, 192 - 93° C).
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Trimethyl t in ( IV )  Diphenyl phosphinylacetateXCgHgjgPfOjCHgCOgSnfCHg)]

Trimethy lt in(IV) ch lo r id e  (1.00 g, 5.00 m mol) and th a l l i u m ( I )  

d iphenylphosphinylace ta te  (2.32 g,  5.00 m mol) were re f luxed  in ch loro

form f o r  1 h, th e  so lv en t  removed, and th e  r e s u l t i n g  o i l  washed with cold 

e the r  and placed under vacuum t o  give 1.8 g o f  an impure white s o l id  which 

was r e c r y s t a l l i z e d  from a ch loroform /e ther  mixture to  which a few drops 

of  ethanol had been added to  give the  product  in 60% y i e l d ,  mp 164 - 

65° C.

T r ie th y l t in ( IV )  Diphenyl phosph iny lace ta te ,  (CgHg)2P(0 )CH2C02Sn(C2Hg)g

T r i e th y l t in ( IV )  c h lo r id e  (1.21 g, 5.00 m mol) was added to  a sus

pension o f  t h a l l i u m ( I )  diphenylphosphinylace ta te  (2.32 g, 5.00 m mol) 

in chloroform. The mixture was s t i r r e d  under r e f lu x  fo r  2 h,  cooled,  

th e  p r e c i p i t a t e d  t h a l l i u m ( I )  c h lo r id e  f i l t e r e d ,  the  chloroform so lven t  

removed on a ro ta ry  evapora to r ,  and th e  r e s u l t i n g  o i l  placed under va

cuum. Treatment with e t h e r  gave a white s o l i d ,  mp. 138 -  39° C, in 80% 

y ie ld .

Tr i- i i -propylt in ( IV)  Diphenylphosphinylacetate ,  (CgHg)2P(0 )CH2C02Sn(n- 

^3^7^3

B is ( t r i - n - p r o p y l t i n )  oxide (2.51 g,  5.00 m mol) and th e  ac id  (2.60 

g,  10.0 m mol) were heated f o r  2 h in benzene (a suspected carcinogen)

(150 mL), with the  water  formed being co l l e c t e d  in a Dean-Stark t r a p .

The benzene so lven t  was then removed to  give an o i l  which was t r e a t e d  

with e t h e r ,  in so lub le  mate r ia l  f i l t e r e d  and the e t h e r  removed. The oi l
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s o l i d i f i e d  under vacuum to  give the  t i t l e  compound, mp 112 - 14° C, in 

70% y i e l d .

T r i - j i -bu ty l t in ( IV )  Diphenylphosphinylacetate,  (CgHg)2P(0 )CH2C02Sn(n-C^Hg)g

The above-ou t l ined procedure was used to  prepare the  tr i - r^ -bu ty l -  

t i n  d e r iv a t iv e  from b i s ( t r i - j i - b u t y l t i n )  oxide (2.98 g,  5.00 m mol) and 

diphenylphosphinylace t ic  ac id  (2.60 g,  10.0 m mol),  mp 73-75° C, in 90% 

y ie ld .

T r icyclohexylt in(IV) Diphenylphosphinylacetate,  (CgHg)2P(0)CH2C02Sn(c^-Cg-

" 11)3

Diphenylphosphinylacet ic  ac id  (2.60 g, 10.0 m mol) and t r i c y c l o -  

hexyl t in (IV) hydroxide (3.85 g,  10.0 m mol) were d isso lved  in benzene 

(150 ml) and heated as descr ibed above. R e c ry s ta l l i z a t i o n  from chloroform 

gave the  product mp 160 - 62° C, in 90% y ie ld .

Tr iphenylt in( IV)  Diphenylphosphinylacetate,  (CgHg) 2P(0 )CH2C02Sn( CgHg)^

This compound was prepared in a s im i la r  way from diphenylphos- 

ph iny lace t ic  ac id  (2.60 g,  10.0 m mol) and t r i p h en y l t in ( IV )  hydroxide 

(3.67 g, 10.0 m mol),  mp 180 - 83° C, in 90% y ie ld .

B is [ t r ipheny l t in ( IV )d ipheny lphosph iny lace ta te ] t r ipheny l t in ( IV )  ch lo r ide ,  

[(CgH5)2P(0 )CH2C02Sn(CgH5)3] 2 -(CgH5 )3SnCl

Triphenylt in( IV) d iphenylphosphinylace ta te  (3.05 g,  5.00 m mol)
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from th e  p repa ra t ion  described above and t r i p h e n y l t in ( IV )  ch lo r ide  (1.93 

g, 5,00 ID mol) were d issolved  in chloroform, the  s o lu t io n  concentrated 

and e th e r  added to  induce c r y s t a l l i z a t i o n  of  the  whi te  produc t ,  mp 177 - 

180° C, in 80% y i e l d ,  which was f i l t e r e d  and washed with e t h e r .  Instead 

of  the  a n t i c ip a t e d  1:1 adduct , the  elemental an a ly s i s  fo r  carbon,  hydro

gen and ch lo r in e  i s  co n s i s te n t  with the  2:1 formulat ion .

Dimethylt in(IV) Bis(diphenylphosphinylace ta te ) ,  [(CgHg)2P(0 )CH2C02] 2Sn- 

(0113)2

Dimethylt in(IV) oxide (0.83 g,  5.0 m mol) and diphenylphosphinyl- 

ac e t i c  acid (2.60 g, 10.0 m mol) were reac ted  as descr ibed above. The 

benzene was removed on completion of  the  re a c t io n  and e the r  was added to 

wash the  crude s o l id  which had a wide melt ing range.  The pure product 

was obta ined by sublimation a t  70° C in vacuo, mp 75 - 78° C, y ie ld  30%.

Diphenyl t in ( IV )  Bis(diphenylphosphinyl a c e t a t e ) ,  [(CgHg)2P(0 )CH2C02] 2Sn- 

(^6^5)2

Triphenylt in ( IV)  chloride (1.93 g,  5.00 m mol) and sodium t e t r a -  

phenylborate (1.71 g, 5.00 m mol) were d isso lved  in 2-propanol to p re c ip i 

t a t e  sodium ch lo r id e  which was f i l t e r e d ,  and diphenylphosphinylacet ic  

acid (1.30 g,  5.00 m mol) dissolved in the  same so lven t  was added. A white 

so l id  slowly formed in th e  pink-colored s o lu t i o n ,  was f i l t e r e d ,  and washed 

with chloroform, and then ether  to  give t h e  produc t ,  mp 182 - 83° C, in 

60% y ie ld .
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Tri phenylt in(IV) Diphenylthiophosphinylaceta te,  (CgHg)2P(S)CH2C02Sn(CgHg)2

This compound was prepared from diphenyl th iophosph iny lace t ic  acid 

(2.60 g,  10.0 m mol) and t r i p h e n y l t in ( IV )  hydroxide (3.67 g, 10.0 m mol) 

as described  fo r  diphenylphosphinylace t ic  acid.  The crude product  was 

rec ry s ta l  1ized from a c e t o n i t r i l e  to  give the pure compound, mp 121 - 123.5° 

C, in 30% y ie ld .

Results  and Discussion 

The syn thes is  of  t h e  t r i o r g a n o t in  diphenyl phosphinylace ta tes  pro

ceeds in high y i e l d  from th e  reac t ion  of  a t r io rg an o t in ( IV )  hydroxide 

with th e  d iphenylphosphinylace t i c  ac id  in benzene with th e  r e a c t io n  d r i 

ven to  completion by th e  azeo t rop ic  d i s t i l l a t i o n  o f  the  water  re leased :  

RgSnOH + (CgHg)2p(0 )CH2C02H 4. (CgHg)2P(0 )CH2C02SnRg + H2O (3.7)

R = £-CgH^i and CgHg 

or from the  ac t ion  o f  t r i o rg a n o t in ( IV )  ch lor ide  and th a l l i u m ( I )  diphenyl- 

phosphinylacetate in chloroform:

RgSnCl + (CgHg)2p(0 )CH2C02Tl (CgHg)2P(0 )CH2C02SnRg + TICU (3.8)

R = CHg and Ĉ Hg

or  from the  parent  ac id  and the  b i s [ t r i a l k y l t i n ( I V ) ]  oxide in benzene: 

(R3Sn)20 + (CgHg)2P(0)CH2C02H ^  (CgHg)2p(0)CH2C02SnR3 + HgO (3.9)

R = II-C3H7 and n -̂Ĉ Hg 

The th iophosph iny lace t ic  ac id  a l so  reac ts  in a s im i la r  way:

R̂ SnOH + (CgHg)2p(S)CH2C02H (CgHg)2P(S)CH2C02SnR3 + H2O (3.10)

R = CgHg

The products  a re  white  s o l id s  so lub le  in common organic  s o lv e n t s .  The 

at tempted syn thes is  o f  t r ipheny l t in (d ipheny lphosph iny lace t ic  ac id)
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t e t r a p h e n y lborate from th e  add i t ion  o f  the  ac id  to a so lu t ion  o f  t r i p h e -  

n y l t i n  te traphenyl  bora te  prepared in s i t u  was accompanied by the  cleavage 

o f  t h e  t in-phenyl  bond to  produce the  bis-compound: (3.11)

and th e  dimethyl d e r i v a t i v e  was synthes ized  from the  parent  ac id  and 

d im ethyl t in ( IV)  oxide :  (3.12)

(CH3)2SnO + 2(CgHg)2p(0)CH2C02H^(CH3)2Sn[0gCCH2P(0)(CgHg)2]2 + HgO 

The d iorganot in(IV) d e r iv a t iv e s  a re  white s o l id s  which are so luble  in 

chloroform.

Heating (CgHg)3Sn02CCh2P(0)(CgHg)2 above i t s  melting po in t  (180 - 

163° C) r e le a s e s  carbon dioxide which was de tec ted  as barium carbonate:  

(CgHg)3Sn02CCH2P(0)(CgHg)2-^C02+(CgHg)3SnCH2P(0)(CgHg)2 (3.13)

The t i n - c o n ta in in g  product  has a l so  been synthes ized by organoli thium and 

Grignard ro u tes  from t r i p h e n y l t in ( IV )  ch lo r ide .

The add i t ion  o f  t r i p h e n y l t in ( IV )  ch lo r ide  to t r i p h e n y l t in ( IV )  d i 

phenyl phosphinyl a c e t a t e  in a 1:1 mole r a t i o  in chloroform gives a su r 

p r i s in g  r e s u l t .  Concentrat ion o f  th e  s o lu t io n  followed by t r i t u r a t i o n

with e th e r  p r e c i p i t a t e s  a 2:1 complex in 80% y ie ld :
G O  0 0

2(CgHg)2PCH2C0Sn(CgHg)3+(CgHg)3SnCl-»[(CgH5)2PCH2C0Sn(CgHg)2]2'(CgHg)2SnCl

(3.14)

Attempts to  produce r e p r e s e n t a t i v e s  o f  the  o the r  th ree  permutations of  

methyl-  and phenyl t i n  combinations in the 2:1 complexes from t r imethyl  t i n  

(IV) d iphenylphosphinylace ta te and t r im e th y l t in ( IV )  ch lo r ide  in add i t ion  

to th e  above phenyl t in  d e r iv a t iv e s  gave only o i l s .  Attempted replacement 

of  the  ch lo r ine  in th e  2:1 product above with B(CgHg)^ from t r i p h e n y l t i n -  

(IV) te t r ap h en y lb o ra te  a l so  f a i l e d .
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S t ru c tu ra l  d iscuss ion  fo r  these ace ta tes  must acknowledge the

presence of  two po te n t i a l  oxygen atom donor s i t e s  a v a i l a b l e  fo r  bridging

o r  c h e l a t i o n .  While a monomeric, four-coordina ted  s t r u c t u r e .  A:
0 E

RgS nOC CHg P( CgH g)2  E = 0 , 5  A

such as t h a t  d iscussed f o r  t r i c y c lo h e x y l t i n ( IV )  a c e t a t e ^ ^ ’^^ i s  poss ib le ,  

more i n t e r e s t i n g  arrangements u t i l i z e  e i t h e r  th e  ca rboxy la te  oxygen atom 

in th e  bridged polymers g en e ra l ly  found in the t i n  d e r i v a t i v e s ^ ’® but  ion ic  

s t r u c t u r e  B in which the  phosphorus por t ion o f  th e  molecule i s  pendant 

to  th e  chain of  a s so c ia ted  m oie t ie s :

V /->Sn- 

F: CHo
8

E=P(CgH5)2 n

E = 0 , 5

o r  th e  phosphinyl oxygen atom in a f ive-atom br idge as in s t r u c t u r e  £:

->Sn
/

0
II
C— CH,

\

i / \
P=E—

E = 0 , 5

reminiscent  o f  the  r e l a t e d  four-atom bridge found in t r imethylt in{IV)

g ly c in a t e ,  o r  in the  che la ted  s t r u c t u r e  D:
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R,Sn CH, D3 \  /  2

E = 0,S

Triphenylphosphine oxide forms a complex with tr iphenyl  t i n ( IV )  n i t r a t e ,  

and the c a r b o n y l - s t a b i l i z e d  t r i  phenylphosphoranylidene acetone y l i d e  uses

i t s  carbonyl t r im e th y l t i n ( IV )  oxygen and not i t s  carbanionic carbon in
1 ft

complexing t r im e th y l t in ( IV )  c h lo r id e  in (CgHg)gPCHC(CHg)OSn(CHg)gCl. I t

i s  assumed t h a t  no s ix -co o rd in a ted ,  RgSnLg forms, a re  p o s s i b l e , b u t  ion ic

formulat ions as in £,  need to  be considered,  too :
0 E

[RgSn] [OCCHgPfCgHgjg] E = 0,S E

The easy s o l u b i l i t y  o f  the se  species in non-polar  o rganic  so lvents  

makes s t r u c tu re s  B̂, and £  u n l ik e ly .  In add i t ion ,  molecular weight de

terminations  in chloroform fo r  th e  E=0; R=CHg and CgHg d e r iv a t iv e s  give 

monomeric r e s u l t s ,  and the  E=0, R=CgHg d e r iv a t iv e  does not  conduct =

4 .4  cm"! M"b in DMF.

In f ra red  Data

Three s t r e t c h in g  modes a re  important in the  compounds s tud ie d ,  

vCCOg), v(PE) where E=0, S and v(SnC), l i s t e d  in the  o rde r  of  decreasing 

frequency.  Assignments f o r  t h e  f i r s t  two modes are  l i s t e d  in Table 5. 

Each can in p r in c i p l e  y i e l d  information which can help d i s t i n g u i s h  the  

s t ru c tu ra l  p o s s i b i l i t i e s .

Trimethylt in( IV) d iphenylphosphinylace ta te  ex h ib i t s  both and

Vsyp^iSnCg) modes as absorp t ions  a t  556 and 537 c m " \  r e s p e c t iv e l y .  The
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lower energy absorption is  roughly twice as in tense  in the  in f r a r e d .  In 

the Raman these  modes appear a t  557 and 524 c m " \  th e  second band being 

also twice as in tense .  The presence o f  the  Vgy^fSnCg) mode in  the  i n f r a 

red and th e  v^gy^CSnCg) mode in th e  Raman ru le s  out a p la n a r ,  equa tor ia l  

t r imethyl  t i n  group which might be a s soc ia ted  with t r igona l  bipyramidal 

bridging  s t ru c t u re s  such as B and iC.

In f ra red  0-C=0 s t r e t c h in g  frequencies  can help to  d i s t i n g u i s h  f r e e  

from coordina ted carboxyla te groups.  While the  carboxylate groups in o r 

ganotin so l id s  genera l ly  adopt a bridged s t r u c t u r e  unless t h e  organic

groups a t  t i n  a re  bulky o r  unless t h e  carboxylate group i s  branched a t  
19the a-carbon ,  t r imethyl  s i l y l  a c e t a t e  possesses a normal e s t e r  s t ru c t u re

in which the  frequency occurs a t  1725 cm’ ^ . The corresponding
-1 20 

absorp tion  a t  1576 cm" in t r im e th y l t in ( IV )  a c e ta te  is  typ ica l  o f  the
21a s s o c ia t ed  t i n  ca rboxyla tes .  By c o n t r a s t ,  appears a t  1645aSyiïi L

cm"  ̂ in the  t r i cyc lohe xy l t in ( IV )  d e r i v a t i v e ,  and t h i s  f a c t  was used to 

decide th e  case fo r  four -coord ina t ion  a t  t i n  when ambiguous c ry s ta l  s t r u c 

tu r e  da ta  could not^^ (vide sup ra ) .  The corresponding absorp tion  in t r i -
-1 2

methylt in( IV)  g lyc ina te  i s  a t  1630 cm" , but in t h i s  case t h e r e  i s  strong 

hydrogen bonding between carbonyl oxygen and amino group N-H moiet ies  

along and between the n i t rogen-b r idged  t r i  methyl t i n  chains which must con-
4

t r i b u t e  to  the  lowering o f  the  frequency of  t h i s  f r e e  carboxylate group.

In th e  t r io rgano t in ( IV )  diphenyl phosphinyl ace ta t e s  t h e  Vggyjj,(C0)2 

modes can be assigned a t  1647+7 c m " \  with VgyQ(C0)2 a t  1325+10 cm"^.

Thus s trong in t e r a c t io n s  between th e  carboxylate carbonyl group and the 

t i n  atom as required in s t r u c t u r e  ^  can be ru led  out .  The ^^^^^(00)2 

values a re  almost iden t ica l  to  those  in t r i cyc lohe xy l t in ( IV )  a c e t a t e ,  and
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weak in t e r a c t io n s  which probably a re  p resent  in t h a t  s o l id  cannot be ex

cluded.  By c o n t r a s t ,  th e  th a l l i u m ( I )  d e r iv a t iv e  shows a much lowered 

Vasy^(C0)2 absorp tion  a t  1575 c m ' \  and i t s  higher melt ing poin t  and 

l im i ted  s o l u b i l i t y  in non-polar  organic so lven ts  suggest a polymeric n e t 

work with br idging carboxyla te  groups.  More i n t e r e s t i n g  i s  t h e  1575 cm'^ 

absorp tion in th e  th iophosph iny lace ta te  d e r i v a t i v e  r e l a t i v e  to  1697 cm"  ̂

f o r  t h e  f r e e  ac id ,  which must f ind  i t s  o r i g i n  in e i t h e r  a s trong mass 

e f f e c t  o r  a d i f f e r e n t  s t r u c t u r e  involving a s s o c ia t io n  of  the  carboxyla te  

oxygen to  th e  t i n  atom in t h i s  s u l f u r  d e r i v a t i v e .

The pos i t ion  o f  th e  v(P=0) mode in  t h e  paren t  diphenylphosphinyl

a c e t i c  acid s o l id  would be expected to be lowered by hydrogen bonding
22with the  carboxyla te  0-H, and th e  frequency appears to  be i n s e n s i t i v e  

to  the  change of  organ ic  groups a t  t i n  in t h e  t r i o r g a n o t i n  d e r i v a t iv e ,  

or  even to  th e  change o f  metal atom as in  t h e  tha l l ium d e r i v a t iv e .  Log

i c a l l y  then ,  e i t h e r  a l l  o r  none o f  these  d e r iv a t iv e s  must be as soc ia ted  

through the  P=0 system, but s ince  a l l  t h e  f requencies  l i e  in t h e  same 

range as t h a t  o f  t h e  parent  ac id  which i s  a s s o c ia t e d  into a high melt ing 

s o l id  through hydrogen bonding, the former conclusion i s  favored ,  thus 

s t r u c t u r e  £  o r  D.

A s t r i c t l y  l i n e a r  carbon- t in -carbon  system i s  ru led  ou t  in 

Sn[02CCH2^(CgHg)2]g by the  presence of  both the  and Vgy^^SnC2)

a t  565 and 545 cm”  ̂ in  th e  in f r a re d .

Mass Spectral  Data 

No parent  molecular  ions o r  fragments o f  mass higher than the 

paren t  o r  conta in ing  more than one t i n  atom are  found in any of  the  mass
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s p e c t r a ,  thus ru l ing  out  gas phase a s s o c ia t io n  f o r  th e se  spec ies  in the 

spect rometer .  The base peak o f  h ighes t  abundance in a l l  except  the  t r i 

cyclohexyl d e r iv a t iv e  is  a [(CgHg)2P(0 )CH2SnR2]^ fragment which i s  derived 

from lo s s  of  carbon dioxide from [(CgHg)2P(0)CH2C02SnR2]^  which i s  al so  

observed.  The [{CgHg)2P(0 )CH2Sn]^ ion which i s  the  h ighes t  abundance 

f e a t u r e  o f  th e  spectrum o f  th e  cyclohexyl d e r iv a t iv e  i s  a l so  found in 

every spectrum as i s  the  [CgHgSn]^ fragment which must a r i s e  by phenyl 

group t r a n s f e r  from phosphorus s ince  i t  i s  found i r r e s p e c t i v e  o f  the  o r 

ganic group a t  t i n .

The loss  o f  one organic group from t i n  leads  to  a fragment which 

loses  a neut ra l  carbon dioxide  molecule to  give an ion of  the  formula 

[(CgH5)2P{0)CH2SnR2]^ which may a l so  have the  s t r u c t u r e  [H2C=P(CgHg)2- 

0SnR2Ï* i f  the  chelated  conf igu ra t ion  is  th e  o r ig i n  o f  th e  process:

X
0 0

^ C =0
CH£

Loss o f  CO2 is  a lso  observed on heating (CgHg)gSn02CCH2P(0 )(CgHg)2 (vide 

supra ) .

The mass spectrum o f  th e  2:1 complex, [(CgHg)2P(0 )CH2C02Sn(CgHg)g]2 ' 

(CgH5) 3SnCl i s  s im i l a r  to  t h a t  o f  t h e  t r i p h e n y l t in ( IV )  diphenylphosphinyl- 

a c e t a t e  i t s e l f ,  except fo r  th e  presence o f  an [SnCl]* peak. The most 

abundant s ignal  a r i s e s  from [(CgHg)2] t  a t  m/e = 154, un l ike  in the  phos

phinyl a c e t a t e  d e r iv a t iv e  (see  Table 3) .
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Mossbauer Data

The Mossbauer spec t ra  fo r  al 1 t h e  compounds s tudied a re  w e l l -

resolved  double ts  whose isomer s h i f t s  (IS) values spec ify  t e t r a v a l e n t

t i n  and whose quadrupole s p l i t t i n g  (QS) and p (QS/IS) values a re  3.27 -

3.71 mm s  ̂ and 2.38 - 2.79 r e s p e c t i v e l y ,  ind ica t ing  a higher  than four -
23coordina ted  s i t u a t i o n  a t  t h e  t i n  atom. Thus s t r u c t u r e  A can be con

f i d e n t l y  ru led  out on t h i s  bas is  f o r  th e  s o l id s .  The f a i l u r e  o f  the  t r i 

methyl - ,  d im ethyl - ,  t r i p h e n y l -  and d ipheny l t in  d e r iv a t iv e s  to  g ive  ambient

tempera ture Mossbauer spec t ra  i s  nega t ive  evidence,  but th e  r e l a t e d  t r i -
2-4-organotin a c e t a t e s ,  and amino acids  which adopt bridged polymeric s t r u c -  

5 5 “tu r e s  do show Mossbauer s p e c t r a  a t  room temperature.  There fo re ,  the 

absence o f  r e so lvab le  spec t ra  argues a g a i n s t  polymeric s t r u c t u r e s  B_ and 

Ç.

For th e  dimethyl-  and d iphenylt in ( IV)  d e r iva t ive s  a t r ea tm en t
24

based upon a poin t  charge model can be applied to l i n k  the  observed QS 

value to  a p red ic ted  carbon- t in -carbon  angle in s ix -cco rd ina ted  dlorgano- 

t i n ( IV )  compounds. The r e s u l t s  c o r r e l a t e  well with known s t r u c t u r a l  data 

f o r  the  dimethyl-  and d ipheny l t in  sy s tem s .^ ’^ ’^ ^ ’ '̂  ̂ The c a l c u l a t i o n ,  which 

is  based upon th e  assumption t h a t  th e  p a r t i a l  QS values o f  th e  l igand  

groups a re  n e g l ig ib l e ,  y i e ld s  an angle o f  154° fo r  the dimethyl and 144° 

in th e  diphenylt in( IV)  d e r i v a t i v e ,  t h e  former corrobora ted by t h e  obser

va t ion  o f  a Vgyn/SnCg) mode in t h e  in f r a r e d  spectrum.

The Mossbauer spectrum o f  th e  2:1 complex, [(CgHg)2p(0 )CH2C02Sn- 

^s'^5 ^3^2 ’ ^^5^5^3 '̂^^  ̂ ’ ® simple double t ,  implying t h a t  both types of

t i n  atoms involved a re  higher than fou r-coord ina ted ,  s ince  the  data are 

nearly  i d e n t i c a l  to  those fo r  th e  t r i p h e n y l t i n  diphenylphosphinylace ta te
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d e r iv a t iv e .  While s imple double t  Mossbauer spec t r a  have been recorded 

fo r  t i n  compounds con ta in ing  t i n  in two d i f f e r e n t  higher coordina tion

numbers, the most famous example being the  spectrum of  [(CHg)2SnCl"terpy]* 

[(CHgjgSnClg]",^^ th e  combinatic 

be more e a s i l y  d i s t i n g u i s h a b le .

-  2fi
[(CHgjgSnClg]", th e  combination of  fou r -  and f ive -coord ina ted  t i n  should

NMR Data

The phosphorus-31 chemical s h i f t s  f o r  the  compounds con ta in ing the

(CgH5)2p(0)CH2- group l i e  in  the  range 26.3 to  28.9 ppm r e l a t i v e  to  85%

phosphoric ac id  as shown in Table 7. This compares with s im i la r  data fo r

the  c l o s e l y - r e l a t e d  (CgHg)2P(0 )R where R = CH[CH2C(0 )CgHg]C(0 )CgHg (27.5

ppm) and R = C[CH2C(0 )CgHg][=C(0CH2CgHg)CgHg] (28.6 ppm).^? in the  d i r e c t

comparison of  (CgHg)2P=E chemical s h i f t s ,  with E = 0 (23.0 - 27.0 ppm)
2 7

and E = S (42 ppm), the  s u l f u r  d e r iv a t iv e  i s  to  lower f i e l d ,  j u s t  as 

in the case of  the p re s e n t  s u l fu r  compound.

I t  i s  well-known in t in -119 NMR s tud ie s  t h a t  r a i s in g  the coordina

t i o n  number a t  t i n  moves the  chemical s h i f t  u p f i e ld  of  the  t e t r am e th y l t in  

s tandard ,  while connecting e lec t ronega t ive  atoms moves the  resonance down- 

f i e ld .^ ^ ^ * ^  For the  monomeric t r i  organotin (IV) ca rboxy la tes ,  the t i n  chemi

cal s h i f t  i s  found to  low f i e l d  of  t e t r a m e t h y l t i n ( I V ) , while fo r  a s so c i -
31

ated species i t  i s  found to  high f i e l d .  Of the  t i n -119  NMR d a ta ,  for

only two compounds a re  the  chemical s h i f t s  to  low f i e l d .  These are the

de r iv a t iv e s  with th e  sm a l le s t  alkyl groups,  (CgHg)2P(0 )CH2C02SnRg where 
32

R = CHg and C^Hg. The o the r  compounds l i s t e d  in Table 9 are apparently  

monomeric in the  deuterochloroform so lu t io n s  used to  record the spec t ra .

For the  s u i fu r -c o n ta in in g  d e r iv a t iv e ,  s ig n a l s  both up- and downfield of
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t e t r a m e th y l t in  are observed, in d i c a t i n g  the presence o f  monomeric and asso

c ia ted  species which are in a slow equi l ibr ium on the NMR times ca le .  The 2:1 

complex shows th ree  resonances,  a l l  to  high f i e l d ,  but t h i s  i s  puzz ling 

s ince  d i s s o c i a t i o n  in s o lu t ion  can give r i s e  to  only two monomeric spec ie s .

Molecular weight de te rminations  show the  t r im e thy l -  and t r i p h e n y l 

t i n  d e r iv a t iv e s  to be monomers in chloroform s o lu t io n ,  and proton NMR 

data fo r  the  methyl groups [0= 0.57 ppm; I^J(^^^Sn-C-^H)1=65.6 Hz] in the 

same so lven t  a re  c o n s i s t e n t  with four -coord ina ted  t i n  in t h i s  phase.

The lack o f  s h i f t  o f  the  vfCOg) frequencies  on so lu t ion  in chloroform is  

co rrobora to ry  both fo r  the  monomeric s t r u c t u r e .  A, fo r  the so lu t ion  species 

as well as  f o r  the lack of  coord ina tion  through the  carboxylate oxygen 

system in the  so l id  s t a t e .

S t ruc tu ra l  Conclusions

The mass s p e c t r a l ,  molecular weight and s o l u b i l i t y  p ro p e r t i e s  com

bine to  fo rce  the conclusion t h a t  the t r i o r g a n o t in  de r iva t ive s  a re  mono

mers o r  low oligomers,  but th e  Mossbauer evidence d i c t a t e s  higher coord i 

nat ion  a t  th e  t i n  atom, ru l i n g  ou t  s t r u c t u r e  A in  the so l id  s t a t e .  I n f r a 

red v(C0)2 data serve e f f e c t i v e l y  to r u l e  out  s t r u c t u re  B̂, except f o r  the 

t h a l l i u m ( I )  and thiophosphinyl analogues in which carboxylate oxygen i s  

the  donor atom of choice ,  presumably rep lac ing  P=S coordina tion in  the  

l a t t e r  to y i e ld  a s t r u c t u r e  l i k e  B, and adding an addi t ional  s i t e  o f  co

o rd ina t ion  f o r  the  former. The a v a i l a b i l i t y  o f  these  two d e r iv a t iv e s  

serves to  spec i fy  the  in f r a re d  frequencies  which are  associa ted  with a 

coordina ted  carboxylate  oxygen system, and makes more secure the  o the rs  

being assigned as not s t rong ly  in t e r a c t i n g .  For the P=0 system th e re  i s
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the frequency in the  s t rong ly  hydrogen bonded parent  ac id  as a model of
22a coordinated system, and the  s i m i l a r i t y  to the p o s i t i o n s  observed fo r  the 

t i n  compounds ( inc lud ing  the  tha l l ium d e r iv a t iv e )  sugges t  t h a t  i t  i s  a s 

soc ia t ion  through th e  phosphinyl oxygen which i s  r e spons ib le  fo r  r a i s in g  

the coordina tion  number a t  t i n  in the  s o l i d s .  Strong a s s o c ia t io n  as in 

s t r u c t u r e  jC would lead  to  planar  R^Sn groups in the  u b iqu i tous ,  a x i a l l y -
r ^

m ost-e lec t ronega t ive  c o n f igu ra t ion ,  ’ but  t h i s  i s  ru led  out by i n f r a r e d  

and Raman vfSnCg) d a t a .  Thus the  most probable s t r u c t u r e  i s  s t r u c t u re  

£  or £  in which the  value of  n i s  small enough to  cause bending of  the 

RgSn u n i t  out  o f  p l a n a r i t y .  An a l t e r n a t i v e  i n t e r p r e t a t i o n  would give 

a s t r u c t u r e  £  in which the  a s so c ia t io n  to  t i n  i s  too weak to  force  the 

RgSn u n i t  in to  p l a n a r i t y ,  or  to hold the  oligomers to g e th e r  in  the so lu 

t i o n  or  gas phases.

The s t r u c t u r e  of  the 2:1 complex i s  more d i f f i c u l t  to  i n t e r p r e t .  

Discarding the  u n l ik e ly  s ix -coo rd ina ted ,  RgSnClLg, form f o r  the  t r i p h e n y l -  

t in ( IV )  ch lo r ide  fo rces  cons idera t ion  o f  a c a t i o n i c  formulat ion:

0

4
CHo

/ I
P=0-

^6^5 ^ 5 ^ 5  
->Sn<------0=P

C6"5

:6"5

ÇH2
ç=o
0
LlCgHgls

or

which i s  drawn in £  with  the  conventional  a x i a l 1y-m os t -e lec t ronega t ive  

s t r u c t u r e .  The in f r a r e d  data  in the carboxyla te  group region  are l i k e
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those fo r  the  simple diphenylphosphinylace ta te  d e r iv a t iv e s  in ru l ing  out 

carbonyl-oxygen i n t e r a c t i o n ,  and those fo r  the  v(P=0) a re  s im i l a r  as well 

in confirming coord ina t ion  to  t i n  through t h i s  oxygen.

The d i f f i c u l t y  with  s t r u c t u r e  £  l i e s  in the f a c t  t h a t  use of  the  

P=0 moie t i es  to  coord ina te  the  t i n  atom in the  t r i p h e n y l t i n  ca t ion  means 

denying i t s  use to  coord ina te  the  in t ram olecu la r  t i n  atoms, thus presum

ably reducing t h e i r  coord ina t ion  number to  fou r .  Such atoms should show 

a c h a r a c t e r i s t i c  Mossbauer spectrum whose p a t t e rn  would be very d i f f e r e n t  

from t h a t  of  the  f iv e -c o o rd in a te d ,  c a t i o n i c  t i n . ^ * ^  In a d d i t i o n ,  the 

ch lor ide  in the complex could not  be rep laced  with the B(CgHg)^ anion by 

meta thes i s  using t r i p h e n y l t i n ( I V )  te t r a p h e n y lb o ra te .  Conduct ivi ty mea

surements in DMF give 18.9 cm"^ M~\ which i s  a much lower value than 

t h a t  recorded fo r  the  analogous 1:1 ionic  [(CgHg)gP(CH2 )2C02Sn(CgHg)g]^

Cl" (48 cm'^ M'^) in th e  same so lvent .^

The a l t e r n a t i v e  s t r u c t u r e ,  G, avoids th e  ion ic  formulat ion o f  £ ,  

but  in troduces  th r e e  d i f f e r e n t  types of  t i n  atoms,  and does not  provide 

a so lu t io n  to  the  problem o f  w r i t ing  a formulat ion with a l l  the  t i n  atoms 

higher than fou r -coord ina ted  un less ch lo r in e  br idging  i s  invoked:

.  \ /  \/
\  £ 1 -S n « -0 = P -C H ,

I
? "

0=C-CH« I
M o  — >Sn'
l \  / \

Such bridging in t r im e th y l t i n ( IV )  ch lo r id e  determines the z ig -zag  poly

meric na ture  of  t h i s  s o l i d , b u t  t r i p h e n y l t i n ( I V )  ch lo r ide  forms a c ry s ta l
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35of monomers.

The data fo r  the  d iorganotin( IV) bisd iphenylphosphinylace ta tes  are

e a s i e r  t o  i n t e r p r e t  in terms o f  s t r u c t u r e .  Here the  high Mossbauer QS
24

values s p e c i fy  open ca rbon- t in -carbon  angles c h a r a c t e r i s t i c  of  the  u b i 

q u i to u s ,  t r a n s - d iorqanot in  oc tahedral  s t r u c t u r e s , a n d  the high |^J{^^^Sn-

C-^H)1=98.0 Hz coupling recorded f o r  the d imethyl t in  d e r iv a t iv e  s p e c i f i e s
33t h a t  th e  s ix -coord ina ted  s t r u c t u r e  survives t r a n s f e r  to  chloroform s o lu 

t i o n .  Observation o f  both and Vgy^fSnCg) in the  in f r a r e d  spectrum

of the  s o l i d  ru le s  out  a s t r i c t l y  l i n e a r  d imethyl t in  system. This,  t o 

ge ther  with the  absence of  an ambient temperature Mossbauer spectrum fo r  

the d imethy l-  or  d iphenyl t in  analogues suggests  t h a t  a che la ted  s t r u c t u re  

such as ^  i s  1ike ly :

V  ? \/^  (L ^ 0=P-

-P- 0 ^ 1 H
l \  R

which one can w r i te  in the  t r a n s - , t r a n s - , t r a n s - form without  wishing to  

spec i fy  the  connec t iv i ty  of  the  diphenylphosphinylace ta to  l i gand .

Summary

Seven t r io rg an o t in ! IV )  diphenylphosphinyl-  and d iphenylth iophos

phinyl a c e t a t e s ,  (CgHgjgPtEjCHgCOgSnRg, where E = 0 and R = CHg, CgHg, 

rv-CgHy, Ji-C^Hg, ç-CgH^^ and CgHg, and E = S and R = CgHg are synthe

s ized  by the  reac t io n  of  t r i o rg a n o t in ! IV )  ch lo r ide  with the  th a l l i u m ! I )  

s a l t  prepared from th a l l i u m ! I )  ethoxide  and the  paren t  a c i d ,  o r  the con

densat ion o f  the  corresponding t r io rg an o t in ! IV )  hydroxide or  b is -oxide  

with th e  f r e e  acid in benzene to  r e l e a s e  water  which Is  d i s t i l l e d
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a z e o t r o p i c a l ly  to  d r ive  the  re a c t io n  forward.  Phenyl- t in  cleavage accom

panies th e  use of  t r i p h e n y l t in ( IV )  t e t rapheny lbora te  to  g ive the  diphenyl-  

t in ( IV )  b i s - a c e t a t e ,  (CgHg)2Sn[02CCH2P(0)(CgHg)2] 2 > whose d imethy lt in(IV) 

analogue can be obtained from the  parent  acid and d im ethyl t in( IV)  oxide.  

The products  a re  white s o l id s  so lub le  in  common organic s o lv e n t s .  The 

t r i p h e n y l t i n  d e r iv a t iv e  loses  carbon dioxide a t  i t s  melt ing poin t  (180 - 

183° C). Addition of  t r i p h e n y l t in ( IV )  ch lo r ide  to  the t r ipheny l  d e r iv a 

t i v e  y i e ld s  a 2:1 complex, [(CgHg)2P(0)CH2CÜ2Sn(CgHg)g]2 ' (CgHg)gSnCl. 

Evidence from a b a t t e ry  o f  proton,  phosphorus-31 and t in -119  NMR, mass, 

i n f r a r e d ,  Raman and tin-119m Mossbauer data ru le s  out  a s s o c ia t io n  through 

the  carboxyla te  group, leaving coord ina tion  by the P=0 oxygen as the  o r i 

gin o f  th e  higher coordina tion  a t  t i n  in the  s o l id  s t a t e .  In f r a r e d ,

Raman and Mossbauer data a re  in t e rp e ra b l e  in terms of  bent  and non-planar 

d i -  and t r i m e t h y l t i n  groups in  the  s o l i d ,  ind ica t ing  weak a s s o c ia t io n  or  

the  presence of  small oligomers in the  s o l id .  The d io rgano t in  d e r iv a t iv e s  

a re  c h e l a te d ,  s ix -coo rd ina ted ,  t r a n s - RpSn octahedra in a l l  phases.  The 

2:1 complex may be e i t h e r  a bis-complex o f  the t r i p h e n y l t i n ( IV )  c a t i o n ,  

or  more l i k e l y  a c y c l ic  t r im er  held by two P=(KSn and one bridging Sn-Cl- 

Sn coord ina te  l inkages .



TABLE 1

D I- AND TRIORGANOTIN(IV) DIPHENYLPHOSPHINYL- AND THIOPHOSPHINYLACETATES

Compound Prepn- mp °C
%C

Found (Calcd)
%H

Found (Calcd) Yiel(

(CgHgigPfOiCHgCOgH - 144-45 70%

(CgH5 )2P(0 )CH2C02Tl - 201 35.56 (35.25) 2.57 (3.02) 100%

(CgH5)2P(S)CH2C02H ^ ° ' " - 193-95 100%

(C6H5 )2P(0 )CH2C02Sn(CH3 )3- 2 164-65 47.80 (48.26) 5.12 (4.97) 60%

2 138-39 51.72 (51.65) 5.85 (5 .81) 80%

(CgHg)2 ? (0 )CH2C02Sn(n-CgHy) 3 3 112-14 54.64 (54.47) 6.54 (6.51) 70%

(CgHg)2? ( 0 )CH2C02Sn(n- C^Hg)3 3 73-75 57.08 (56.86) 7.02 (7.11) 90%

(CgHg)2P(0 )CH2C02Sn(c-CgH^^ >3 1 160-62 63.54 (61.27) 7.32 (7.18) 90%

(CgHg)2P(0 )CH2C02Sn(CgHg)3^ 1 180-83 61.36 (63.09) 4.40 (4.44) 90%

(CgHg)2P(S)CH2C02Sn(CgHg)3 4 121-24 61.35 (61.47) 4.41 (4.32) 30%

[(CgHg)2P(0 )CH2C02Sn(CgHg)3] 2 -(CgHg)3SnCl^ 5 177-80 61.84 (61.40) 4 .55 (4.31) 80%

[(CgHg)2P(0 )CH2C02] 2Sn( CH3 )2 6 75-78 55.04 (54.00) 4.72 (4.50) 30%

00
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TABLE 1 ,  c o n t ' d .

Compound PreprA mp °C
%C

Found (Calcd)
%H

Found (Calcd) Yield

[(C^H5 )2P(0 )CH2C02] 2Sn(CgH5)2 7 182-83 59.69 (60.71) 4.31 (4 .30)  80%

- P r e p a r a t i o n s  1,  2,  3,  4 ,  5, 6 and 7 a r e  dep ic ted  in Eqs. 7, 8 , 9, 10, 11, 12 and 14, r e s p e c t i v e l y .

— Molecular  weight  in chloroform: 375 (423) by osmometry.

— Molecular  weight  in chloroform: 617 (609) by osmometry.

- C l :  1.98 (2.22)%.

00CJ



TABLE 2

T IN -119m MOSSBAUER DATA FOR THE 01- AND TRIORGANOTIN(IV) DIPHENYLPHOSPHINYL- AND

DIPHENYLTHIOPHOSPHINYLACETATES AT 77K IN mm s “  ̂ -

Compound IS+0.03 QS+0.06 r+0.03 p=QS/IS

(CgHgigPtOiCHgCOgSnfCHg)] 1.33 3.71 1.31 2.79

(CgHsigPtOjCHgCOgSnfCgHs)] 1.45 3.66 1.15 2.52

(CGHsizPfOiCHgCOgSnfn-CgHy)] 1.46 3.71 1.34 2.54

(CgHgigPtOjCHgCOgSnfn-C^Hg)] 1.44 3.54 0.92 2.46

(CgHgigPfOiCHgCOgSnfç-CaHT,)] 1.50 3.57 1.08 2.38

(CgHg jgPfOjCHgCOgSnfCgHg)] 1.28 3.28 0.90 2.56

(CgHgigPfSjCHgCOgSnfCgHg)] 1.34 3.47 1.56 2.59

[(CgHgigPtOjCHgCOgSntCgHgiglg (CgHgjgSnCl 1.28 3.31 1.00 2.59

[(CeHsiEPfOiCHzCOglgSnfCHjig 1.26 3.80 1.35 3.02

[(CgHgigPtOiCHgCOglgSnfCgHgig

— R e la t iv e  to  Ca^^^SnO?.

1.28 3.27 1.08 2.55

004̂



TABLE 3

MASS SPECTRAL DATA FOR THE TRIORGANOTIN(IV) DIPHENYLPHOSPHINYLACETATES-

R [(CgHcigPfOjCH,
co ;^ ;R ;]+

[(CgHgigPfO)

CHgSnRg]*

[(CgHgigPfO)
CHgCOgSnJ^

[(CgHgigPfO)
CHgSn]

[RSn]* [CgHgSn] [S n ] t

CH3 85 100 0 46 57 47 22

CgHg 53 100 0 98 21 44 25

n-CsHy 17 100 3 97 0 68 40

ü."^4^g 39 100 4 96 10 32 24

Ç-CgHi1 34 44 10 100 0 27 6

C6"S 5 100 0 26 10 10 43

— Only t i n - b e a r i n g  fragments a r e  l i s t e d .  Mass numbers a r e 1 12 based upon H, C, TGo, ^^P and TZOgn

00en



TABLE 4

MASS SPECTRAL DATA FOR THE DIORGANOTIN(IV) BIS-DIPHENYLPHOSPHINYLACETATES

[(CgHgigPfO)

CHglgSnRg]*

[(CgHgigPfO)

CHgCOgSnRg]*

[(CgHgigPfO)

CHgSnRg]*

[(CgHgigPfO)
CHgSn]

[SnRg]* [Sn(Cg

" 5 )]

[Sn] t  Oth
ers

R = CH3 11 

R = CgHg 0

0

8

52

100

27

21-

65-

23

21

56

15^ -  

19 00en

-  [SnfCHgigtCgHg)]*.

-  [SnH]+.

-  [(CGHsigPfOjCHSnfCHgigfCgHg)]* 5%; [(CgHgjgPfOiCHg]* 100%.

-  [(CgH5)2P{0 )CH Snf .



TABLE 5

INFRARED vfCOg) AND v(P=0) ASSIGNMENTS FOR THE DI- AND TRIORGANOTIN(IV) DIPHENYLPHOSPHINYLACETATES

v(P=0)

(C6H5)2P(0 )CH2C02H 1733(vs)
1708(vs)

1214(m), 1157(vs) ,  1145(vs) ,  
1128(vs) ,  1096(vs) ,  1070(s)

(CeHg)2P(0 ) CH2C02Sn( CH3 )3 1648(vs) 1332(vs) 1217(m), 1174(vs) ,  1118(s ) ,  
n 0 6 ( s ) ,  1070(m)

(C6" 5)2P(0 )CH2C02Sn(C2Hg)3 1640(vs) 1335(vs) 1200{m), n 7 3 ( v s ) ,  1150(vs) ,  
1126 (s ) ,  l lOO(s)

(C6" 5)2P(°)CH2C02Sn(n-C3Hy)3 1642(vs) 1335(vs) 1199(m), n 7 8 ( v s ) ,  1124(s ) ,  
n 0 7 ( s ) ,  1068(m)

(CgHgigPfOlCHgCOgSnfnrC^Hgig 1654(vs) 1328(vs) 1190(s ) ,  1180{vs), 1122(s) ,  
n 0 2 ( m ) ,  1074(w)

(C6H5 )2P(0 )CH2C02Sn(c-C6Hi^ >3 1645(vs) 1327(vs)
1315(vs)

1201(s ) ,  1157(vs) ,  1128(s) ,  
n 02(m), 1082(m)

(C6Hg)2P(0 )CH2C02Sn(CgHg)3 1645(vs) 1335(vs)
1318(sh)

1216 (s ) ,  1147(vs) ,  1129(vs) ,  
1098(vs) ,  1073(s)

[(C6H5)2P(0)CH2C02Sn(C6H5)3]2* (CgHg)3SnCl 1642(vs) 1335(vs)
1322(sh)

1216(m), 1147(vs) ,  T13T(vs), 
1097(s ) ,  1080(ni)

[(C6H5)2P(0)CH2C02]2Sn(CH3)2 1712(s) 
1632(s ,b r )  
1588 (s ,b r )  
1575(sh)

1320(s ,b r ) 1 1 9 0 ( s ,b r ) ,  n 6 5 ( s , b r ) ,  1122(s) ,  
l lO O (s ) ,  1070(iti)

00
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TABLE 6

INFRARED DATA FOR THE DI- AND TRIORGANOTIN(IV) DERIVATIVES

BELOW 1500 cm"^

(CgHgjgPfOjCHgCOgSnfCHg).

(CgHgigPfOjCHgCOgSnfCgHg).

(CgH5)2P(0)CH2C02Sn(n-C4H9),

(CgHs)gP(0 )CHgCOgSn(c-CgH^ ^ ) 3

(CgH5)2P(0)CH2C02Sn(CgHg).

[(CgH5)2P(0)CH2C02Sn(CgHg)3]2-
(CgHgjgSnCl

[(CgH5)2P{0)CH2C02]2Sn(CH3)2

1443(vs) ,  1412(m), 1 286 (s ,b r ) ,  996(m), 
904(m), 848(m), 796(s ) ,  7 46 (s ) ,  706(m),
6 9 0 ( s ) ,  582(m), 500(s) ,  470(sh) ,  396(m)

1443(s ) ,  997(w), 917(m), 847(m), 787 
(m ,br ) ,  761(m), 742(m), 700(m), 590(m),
556 (s ) ,  537 (s ) ,  501(s) ,  483(w), 378(w)

1438(sh) ,  1027(m), 998(m), 957(m), 924 
(m), 8 5 4 ( s ) ,  822(s ) ,  798(w), 750(vs) ,
691( v s ) ,  680(vs) ,  600(m), 544(s ) ,  
520(sh) ,  505(vs)

1440(vs) .  994(m), 918(m), 845(m),
792(m), 755(m), 692(s ) ,  677(sh) ,  586(m), 
528 (s ) ,  470(w), 452(w,br)

1455(s ) ,  1441( s ) ,  1391(m), 1015(m), 
966(m), 9 25 (s ) ,  872(m), 862(m), 842(m), 
811(m), 7 5 5 ( s ) ,  733(s ) ,  712 (s ) ,  690 
(v s ) ,  675(vs ) ,  612(vs) ,  512(vs ) ,  507 
( s h ) ,  442(w), 397(w)

1446(vs) ,  1396(w), 1252(w), 989(s ) ,  
923(w), 878(w),  848(w), 838(w),  818(m), 
744( m ,  712 m),  686( s ) ,  668(m), 594(m), 
502(m), 478(sh ) ,  394(w)

1482(m), 1436(s) ,  143G(s), 1392(s) ,  
1024(m), 997(m), 930(m), 847(m), 815 
( s ) ,  748(vs ) ,  688(vs ) ,  597(m), 498(m), 
441(m)

1436(tn), 1431 (tn), 1025(w), 996(w),
851(w),  818(w), 693(s ) ,  596(w), 506(w), 
442(m), 408(m,br)

1436(s ) ,  997(w), 932(w), 852(m), 796(m), 
74 5 ( s ) ,  692 (s ) ,  600(m,br),  580(sh),
521( s ) ,  501(s)
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TABLE 6 , con t 'd .

[(CfHc),P(0)CH,CO,],Sn(CcHc), 1438(m), 1432(m), 848(w), 817(w), 749
^  ^ ^ ^ ^ ^ ^ ^ ^ (m), 691( s ) ,  595{w), 505{w), 447(w),

397(w)

(CsHc),P(S)CH,CO,Sn(CcHc)_ llOO(m), 1075(m), 851(m), 691(vs ) ,
° ^ ^ ^ ^ ^ ^ ^ 625(tn,br),  502(w,br) ,  478(w,br) ,

445(m,br)



91

TABLE 7

NMR DATA FOR THE ORGANOTIN DIPHENYLPHOSPHINYLACETATES IN 

DEUTERATED CHLOROFORM̂ -

(CGHsizPfOiCHgCOgSnfCHg)] 28.9 ppm

(CeHsizPfOiCHgCOgSnfCgHg)] 26.9

(CgHgjgPtOlCHgCOgSntn^CgHy)] 26.3

(CgH5)2P(0 )CH2C02Sn(n-C4Hg)3 26.9

(C6H5)2P(0 )CH2C02Sn(ç-C6Hi i ) s 26.0

(CgHg)2P(0 )CH2C02Sn(CgHg)3 27.0

[(CgH5)2P(0 )CH2C02Sn(CgH5)3] 2 -(CgH5)3SnCl 27.2

[(CgHg)2P(0 )CH2C02] 2Sn(CgHg)2 26.9

(CgHg)2P(S)CH2C02Sn(CgHg)3 37.4

- R e l a t i v e  to  85% phosphoric ac id .  Pos i t ive  values downfield.



92

TABLE 8

NMR DATA FOR THE ORGANOTIN DIPHENYLPHOSPHINYLACETATES 
IN DEUTERATED CHLOROFORM̂

+66 ppm

( V s ) 2^ (° )^" 2^°2 ^ " ( % ) 3  +108

(C6H5)2P{0)CH2C02Sn(n-C3H7)3 -62

(CgHg)2P(0 )CH2C02Sn(n-C^Hg)g -60

-120

[ ( V s )2^^(°)OHgCOgSn( CgHg)312' ( CgHg)gSnCl -116,  -143,  -158

(CgH5)2P(S)CH2C02Sn(CgH5)3 -97 ,  +11

- R e l a t i v e  to te tr amethy ls tannane .  Pos i t ive values downfield.
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CHAPTER 4

ORGANOTIN(IV) PHENYLSULFINYLACETATES

In troduc tion

In th e  b ide n ta te  ion ic l igand (CgHg)2P(0 )CH2C02~, the  phosphinyl 

oxygen coordina tes  to  the  t i n  in preference  to  the  carboxyl a t e  oxygen, 

d e s p i t e  carboxyla te  being an unusually strong bridging group in organotin  

(IV) chemistry .  Mossbauer p a r t i a l  quadrupole s p l i t t i n g  p red ic t ions
2

show t h a t  th e  su l fox ide  group i s  a s l i g h t l y  weaker base towards t i n ,  

and i t  i s ,  t h e r e f o r e ,  poss ib le  to  form complexes o f  t i n( IV)  of  th e  type

with the  p o s s i b i l i t y  o f  the  su l f iny l  oxygen engag

ing in coord ina tion  to  give a six-membered r ing .  The r e s u l t i n g  phenyl- 

s u l f i n y l a c e t a t e s  would be expected to possess s o l i d - s t a t e  s t ru c tu re s  

s im i la r  to those  o f  the  phosphinylace ta tes.  On the  o the r  hand, ketones

a re  gene ra l ly  extremely weak bases towards t i n ,  and ke tone- t in  complexes
3

can r e s u l t  only i f  the  l igand has the  a b i l i t y  to d isperse  charge. In 

th e  analogous s e r i e s  o f  2-benzoyl benzoates,  2-CgHgC(0)CgHŷ C02SnRg, the 

ketonic oxygen does not  engage in b r idging ,^  whereas in th e  aminoacetate 

d e r iv a t iv e s ,  t h e  lone p a i r  on the  amino n i t rogen i n t e r a c t s  with the  t i n  

atom.^’® The present  s 

l a t e s  o f  o rgano t in ( IV ) .

atom.^’® The present  study extends the  s e r ie s  of  su b s t i tu t e d  carboxy-

96
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Experimental Section 

Thiophenoxyacetic a c i d ,  CgHgSCHgCOgH, was purchased from the  Al

dr ich  Chemical Company, Inc.  Oxidation by hydrogen peroxide^”^® was 

found to  be too te d ious ,  and the  su l fox ide ,  CgHgSfOjCHgCOgH, was ins tead  

prepared by th e  per ioda te  oxida tion of  th iophenoxyace tic  ac id  in water,  

mp 119.5° C.

Tr imethyl t i  n ( IV) Phenylsulf i  n y l a c e t a t e , CgHgS( 0 ) CHgCOgSn{CĤ )3

Tr imethyl t in (IV)  a c e t a t e  (2.33 g, 10.0 m mol) and pheny lsu l f iny l - 

a c e t i c  ac id  (1.84 g, 10.0 m mol) were di sso lved  in to luene  (250 ml).  The 

solven t  was removed to h a l f  i t s  volume by d i s t i l l a t i o n ,  and the d i s t i l 

l a t e ,  which had a f a i n t  odor o f  ace t ic  a c id ,  was d iscarded .  The organo- 

t i n  s o lu t io n  was f i l t e r e d  and then evaporated to dryness to y ie ld  an o i l .  

Addition o f  e the r  gave a cream-colored product ,  mp 142 - 44° C, in 70% 

y ie ld .  The mass spectrum showed peaks a t  m/e ( i n t e n s i t y )  values o f  348

(16 .2 ) ,  M-; 333 (9 3 .7 ) ,  [CgHgS(0)CH2C02Sn(CH3)2f; 289 (1 0 .1 ) ,  [CgH_ 

(0)CH2Sn(CH3)2]*; 275 (4 .8 ) ,  [CgHgS(0)CH2SnCH3f; 259 (17 .3 ) ,  [CgHgS(O) 

CH2Sn]*; 165 (100), [(CH3)3Sn]+ and 120 (0.2)  Sn^. In deu te ra ted  chloro

form, th e  I^J(^^^Sn-C-^H)! value is  66.1 H z.

Tri cyclohexyl t in ( IV )  Phenyl sul f  i nyl a c e t a t e , CgHgS (0 ) CH2C02Sn ( CgH-| -j ) 3-c

The compound was prepared from t r i c y c lo h e x ly t in ( IV )  hydroxide 

3.86 g, 10.0 m mol) and phenylacet ic  ac id  (1.84 g,  10.0 m mol) by re-  

f lux ing  th e  reagents  in to luene  in a Dean-Stark water separa to r  fo r  1 h. 

The s o lu t ion  was f i l t e r e d  ho t ,  and evaporat ion o f  h a l f  the  volume of  the
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to luene  followed by cooling gave th e  white product in 60% y i e l d ,  mp 

165 - 67° C. The mass spectrum disp layed  t i n -b ea r in g  fragments a t  m/e 

( i n t e n s i t y )  values o f  469 (100), [CgHgS(0 )CH2C02Sn(CgH^^)2]"^; 425 (55 .7 ) ,  

[CgHgS(0)CH2Sn(CgH^^)2f  ; 395 (1 9 .3 ) ,  [CgHgSSn(CgH^^)gf and 321 ( 6 .5 ) ,  

unassigned.  A d i t i n  fragment a t  m/e 613 ( 1 .9 ) ,  unassigned,  i s  a l so  ob

served.

Tri phenylt in(IV) Phenylsu lf i  n y l a c e t a t e , CgHgS(0 )CHgCOgSn(CgHg)^

Tr iphenylt in( IV) hydroxide (3.67 g,  10.0 m mol) and phenylsu l

f iny l  a c e t i c  acid (1.84 g, 10.0 m mol) were ref luxed in to luene  (150 mL) 

in a Dean-Stark apparatus  f o r  1 h. The so lu t ion  was f i l t e r e d  and the 

solvent  removed under vacuum to  give an o i l .  Addition o f  e th e r  gave the  

white compound in 60% y i e l d ,  mp 151 -  53° C. The mass spectrum showed 

fragments a t  m/e ( i n t e n s i t y )  values  o f  457 (27 .9 ) ,  [CgHgS(0 )CH2C02Sn(Cg- 

Hg)2]+; 413 (28 .5 ) ,  [CgHgS(0)CH2Sn(CgHg)2f; 365 (20 .6 ) ,  [CgHgCH2Sn(Cg- 

Hg)2f ;  351 (100), [(CgHg)3S n f ;  274 ( 5 .2 ) ,  [(CgHg)2Sn] t  and 120 (1 .5)  

SnT. No m/e fragments g r e a t e r  than the paren t  ion were observed.

Attempted P repara t ions  o f  th e  Phenyl a c e ta te s  o f  (C2Hg)3Sn, (CHg)2Sn and 

(CgH5)2Sn

The at tempted p repara t ions  o f  the  t r i e t h y l t i n ( I V )  d e r iv a t iv e  from 

t r i e t h y l t i n ( I V )  c h lo r id e  and sodium p h en y l su l f in y lac e ta te  in ethanol r e 

turned the  s t a r t i n g  m a te r i a l s .  Refluxing R^SnO (R = CHg, CgHg) and the  

ac id  in benzene or  to luene  fol lowed by th e  removal o f  the  so lven t  r e s u l t 

ed in a brown o i l  which was not amenable to  c r y s t a l l i z a t i o n .
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Result s  and Discussion

The band a t  1008 cm"^ in t h e  in f r a re d  spectrum of  p h e n y l su l f in y l -
g

a c e t i c  ac id  i s  ass igned to  t h e  S=0 s t r e t c h in g  frequency,  and t h i s  band 

i s  not  s h i f t e d  to  lower wavenumbers in th e  t r im e th y l -  and t r i c y c lo h e x y l -  

t i n ( IV )  compounds, but i s  s h i f t e d  by 36 cm'^ in th e  t r i p h e n y l t in ( IV )  

d e r iv a t iv e .  Thus, i t  appears t h a t  coordina tion  does not  take  p lace  via 

the  s u l f iny l  oxygen in t h e  f i r s t  two case s ,  but  does in th e  l a s t .  Further  

support  o f  t h i s  comes from the  pos i t ion  of  th e  asymmetric COg s t r e t c h  of  

th e  aryl d e r iv a t iv e ,  which a t  1682 cm'^ i s  not in d i c a t i v e  o f  coord ina tion  

through th e  carboxylate oxygen. The carbonyl band appears a t  about  1650 

cm"^ in t h e  two alkyl  compounds and in the  tr imethyl  t in ( IV )  d e r i v a t iv e ,  

only one Sn-C band i s  observed,  thus e s t a b l i s h in g  th e  p l a n a r i t y  o f  the  

(CHg)gSn skeleton .

Higher than four  coordina tion  f o r  the  t r im e th y l t i n ( IV )  compound 

i s  al so  d i c t a t e d  by the  coupling cons tan t  o f  66.1 Hz in chloroform. How

ever ,  molecular weight measurements in the  same so lven t  were not ab le  to 

d e t e c t  th e  presence o f  o l igomers ,  al though d i t i n  fragments were observed 

in the  mass spectrum a t  12 eV. Such fragments were not observed f o r  

t r i p h e n y l t in ( IV )  p h en y l su l f in y la c e ta t e ,  and t h i s  i s  negat ive  evidence fo r  

a monomeric formulat ion.

The su l fox ide  group i s  not  expected to  be as s trong  a donor as 

compared t o ,  f o r  example, DMSO, because o f  the  presence o f  th e  e l e c t ro n -  

withdrawing carboxylate group. Thus, in th e  NMR spectrum o f  a 1:2 ch loro

form mixture o f  (CHg)gSnClg : CgHgS(0 )CHgCOgH, the  value o f  78.3 Hz record

ed fo r  the  compling cons tan t  suggests  t h a t  only one l igand is  ab le  to  be 

coordinated to the  t i n .



TOO 

TABLE 1

ANALYTICAL DATA FOR THE TRIORGANOTIN(IV) PHENYLSULFINYLACETATES

Compound %C
Found (Calcd.)

Mol. wt. 
Found (Calcd.)  ^HClg)

CgHgS(0)CH2C02Sn(CHg)g 38.20 (38.07) 4.79 (4.61) 360

CgHgS(0 )CHgCOgSn(c-CgH^^)^ 56.76 (56.66) 7.33 (7.26)

CgHgS(0)CH2C0gSn(CgHg)2 58.43 (58.57) 4.15  (4.13)
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TABLE 2

INFRARED DATA FROM 2000 TO 400 cm'^ FOR THE TRIORGANOTIN(IV) 
PHENYLSULFINYLACETATES IN NUJOL

C.HcS(0)CH,C0,H 1725(vs ,b) ,  1240(s ,b ) ,  1191(m), 1122(s),
^ ^ 1085{s),  1008(vs ,b) ,  984{vs), 887{s),

746{s),  682(s ) ,  651(m), 565(m), 493(s)

C.H.S(0)CH.C0.Sn(CH^). 1651(sh ) ,  1639(vs) ,  1357(vs),  1330(vs) ,
^ ^ ^ ^ 1209(tn), 1197(m), 1085(m), 1005(vs),

995(vs) ,  927(m), 780(s) ,  737(s) ,  702(m), 
687(s ) ,  543(s) ,  513(sh),  501(s ) ,  486(s)

C.HcS(0)CH«C0.Sn(c-C.H,J_ 1649(vs) ,  1450(vs) ,  1357(vs),  1204(s) ,
^  ̂  ̂ ^ G ' '  3 1176(s) ,  1081( s ) ,  lOlO(vs),  996(vs) ,

926(s ) ,  905(s ) ,  881(m), 842(m), 751(vs ) ,  
688(vs ) ,  663(id), 5 0 5 ( s ) ,  471 (m)

CgH.S(0)CH.C0,Sn(C.Hc)n 1682(vs) ,  1486(vs) ,  1430(vs),  1322(vs,b) ,
°  ^ ^ ^ °  ^ ^ 1200(m), 1109(m), 1092(m), 1080(vs) ,

1026(m), lOOO(m), 972(vs) ,  913(s ) ,  808(s ) ,  
749(s) ,  734(vs) ,  699(vs) ,  686(vs ) ,  603(w), 
498(m), 475(w), 450(vs)
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CHAPTER 5

DI- AND TRIORGANOTIN(IV) DERIVATIVES OF 2-BENZOYLBENZOIC ACID

Introduct ion

2-Benzoyl benzoic ac id  i s  an example o f  a non-enolizable  carbonyl 

compound which e x i s t s  in  a r ing-cha in  tau tomer ic  equil ib r ium in so lu t io n .  

The r e l a t i v e  amounts o f  th e  ke to-acid ( p  and the  l a c to l  in s o lu t ion  

can be varied depending upon th e  s u b s t i t u t i o n  p a t te rn  and th e  so lven t  

p o l a r i t y .  For example, while  t h e  parent  ac id  e x i s t s  in the open form (I )  

in th e  s o l id  s t a t e  and d is so lved  in non-polar  s o lv e n t s ,  2-benzoyl-3 ,4 ,5 ,6 -  

t e t r ach lo ro b en zo ic  ac id  e x i s t s  as the  l a c to l  ( ^ )  in the  s o l i d  s t a t e  and 

in very polar  so lv en t s .^  Pseudo and normal e s t e r s  can be formed from 

th e s e  tautomers,  and in f r a r e d  v(C=0) f requencies  can be used to  d i s t i n 

guish th e  two forms (pseudo e s t e r  1765, normal e s t e r  1715 and 1663

The syn thes is  of  a s e r i e s  of  organotin(IV) carboxylates in  which 

the organic ac id  moiety contains a diorganophosphine oxide s u b s t i t u e n t  a-
O

to  the ace ta te  group has been repor ted .  These t in ( IV)  diphenylphos- 

p h iny lace ta te  d e r i v a t i v e s ,  [ ( CgHg)^P(0 )C H g C O g ( n  =1 , 2) ,  contain 

t i n  atoms with coord ina t ion  numbers g r e a t e r  than fou r ,  but i t  i s  the  

phosphinyl oxygen atom t h a t  binds in  each case  in p reference  to t h e  more

103
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4 5conventional  carboxylate  b ridging .  ’ Carboxylate bridging  i s  a l s o  not  

the p r e f e r r e d  form in  the a-amino ac id  d e r i v a t i v e s ,  NHgCHRCOgSnRg, in 

which the amino n i t rogen  coordinates to the t i n  atom in termolecular ly ,®*^ 

but  the t r i  phenylphosphonopropi onbetai n e t r i  organoti  n ( IV) s a l t s ,  [(CgHg)^- 

P(CH2 )2C02SnRg]^X", are assoc ia ted  t i n  carboxylate l i n e a r  polymers with
O

dangl ing triphenylphosphonium ca t ions .

Organotin (IV) e s t e r s  o f  the 2-benzoyl benzoic acids should be p a r 

t i c u l a r l y  i n t e r e s t i n g .  The product  der iv ing  from the open-keto ac id  

form, ( p ,  would be an organotin carboxylate e s t e r  with a ketonic  carbonyl 

group in  the y -p o s i t i o n  p o t e n t i a l l y  capable of  in t ram olecu la r ly  coo rd ina t 

ing  to  the t i n  atom t o  form a seven-membered h e t e ro c y c l i c  system, ( ^ ) *  

o r  in te rm olecu la r ly  coordina ting  to  form an a s s o c ia t e d ,  carboxylate-  

b r idged  polymer with dangling benzophenone groups , {)^). The product  from 

the l a c to l  form, ( U ) , would be an e s t e r  whose uncoordinated form, ( ^ ) , 

i s  depic ted  in  equ i l ib r ium  with the monomeric carboxylate  e s t e r  p roduc t ,

( I I I ) .  Both polymeric (VI) and monomeric coord ina ted  forms are p o ss ib le'lAAx W»

f o r  the product  from thé l a c to l  ( ^ ) *  but  model s tud ie s  fovor the former,  

s ince  the l a t t e r  would n e c e s s i t a t e  r a t h e r  severe d i s to r t i o n s  o f  the 

valence angles to  produce the  ax ia l-carbonyl binging to the t i n  atom.

The monomeric, in t ra rao lecu la r ly -coord ina ted  p roduc t ,  ( ^ ) ,  from the 

open form would contain  both a x i a l -  and equator ia l -oxygen  atoms r a t h e r  

than the p r e f e r r e d  ax ia l ly -m os t -e lec t ronega t ive  configura t ion with 

e q u a t o r i a l - t r i o r g a n o t i n  groups.
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Ketones a re  genera l ly  weak donors toward t i n ,  and i s o la b le  com

plexes usual ly  involve th e  capac i ty  f o r  charge d i s p e r s a l .  However, the 

1:1 adduct of  dimethyl t in (IV) d ic h lor ide  with diphenylcyclopropenone,

[(CHg)2SnCl2 ' 0=CC2(CgHg)2] 2 , i s  a dimer in the s o l i d  s t a t e  with t i n -  
g

ch lo r ine  br idges .

In t h i s  sec t ion  the  syn thes is  and spec troscop ic  study o f  a s e r i e s  

of  d i -  and t r io rg an o t in ( IV )  2-benzoyl benzoates a re  repor ted .  Di-rr- 

b u ty l t in  b i s - 2-benzoylbenzoate has been claimed in a pa ten t .

Experimental Section 

The s t a r t i n g  organotin  compounds were g i f t s  from M & I  Chemicals, 

I n c . ,  and were used wi thout  f u r t h e r  p u r i f i c a t i o n .  2-Benzoyl benzoic acid  

(Eastman) was r e c r y s t a l l i z e d  from ethanol or  chloroform before use and 2- 

benzoyl- 3 , 4 , 5 , 6- te t rach lo robenzo ic  acid  was prepared  from a F r iede l -  

Crafts  r eac t ion  between t e t r a c h l o ro p h th a l i c  anhydride and benzene. The 

ac id  ch lo r ide  of  the  l a t t e r  ac id ,  mp 183® C, and the pseudo-methyl e s t e r  

o f  2-benzoyl benzoic ac id ,  mp 90° C, were prepared by l i t e r a t u r e  proce

dures.^ Other reagents  were a r t i c l e s  o f  commerce.

The Mossbauer spec t ra  were recorded on a Ranger Engineering,

c o n s ta n t - a c c e le r a t io n  spect rometer  equipped with  an Nal propor t ion

counter .  The source was Ca^^^^SnOg (New England Nuclear Corp.) and 
110

Ca SnOg was th e  re fe rence  mater ia l  f o r  zero v e l o c i ty  a t  room tempera

t u r e .  The v e lo c i ty  c a l i b r a t i o n  was based on g - t i n  and natural  i ron  f o i l s .  

The Ranger Engineering var iab le - tempera tu re  l i q u i d  n i t rogen dewar and 

c o n t r o l l e r  were regu la ted  by a va r ia b le -b r idge ,  s i l i c o n - c o n t r o l l e d -  

r e c t i f i e r  c i r c u i t ,  and th e  measurements were done a t  77K. The data  were
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stored  in 512 channels  the Tracer Northern Model TN-1314 multichannel  

analyzer  and th e  r e s u l t a n t  s p ec t r a  f i t t e d  using standard le a s t - s q u a re s  

techniques assuming a Lorentzian shape.

In f ra red  s p ec t r a  were recorded on a Beckman 4250 spec trometer  as 

Nujol mulls  on Csl d i s c s ,  and th e  s p e c t r a  were c a l ib r a t e d  with poly

s ty rene .  Mass spec t ra  were recorded on a Hewlett-Packard 5985B GC/MS 

system a t  70 eV. Proton and carbon-13 NMR data were obta ined  on Varian 

T-60 and IBM NR-80 ins truments .  The t i n -119  NMR spec tra  were recorded 

by M. Magerstadt a t  t h e  Technical Univers i ty  o f  Ber l in ,  Germany, on a 

Bruker SXP-109 inst rument .  Carbon and hydrogen analyses were performed 

by Galbrai th  Labora to r ies ,  I n c . ,  Knoxville ,  TN.

The compounds prepared,  t h e i r  microana ly t ica l  da ta ,  melt ing poin ts  

and sy n th e t i c  methods a re  l i s t e d  in Table 1. The tin-119m Mossbauer 

parameters a re  found in Table 2, and the  in f ra re d  data below 2000 cm”  ̂

a re  found in Table 3. Table 4 compares th e  carbonyl s t r e t c h in g  fr equen

c ie s  f o r  var ious  organometal l ic( IV) e s t e r s  of  2-benzoyl benzoic ac id .

The t in -119  NMR data a re  found in Table 5. Table 6 l i s t s  the  carbon-13 

data f o r  2-benzoyl benzoic ac id  and s e lec ted  organotin(IV) 2-benzoyl- 

benzoates. Mass spec t ra l  da ta  a re  l i s t e d  in Table 7.

Tr imethy lt in( IV)  2-benzoyl benzoate,  2-CgHgC(0 )CgH^C02Sn(CHg)g

To a s o lu t io n  of  sodium (0.23 g,  10 mg-at) di sso lved  in ethanol 

(100 ml) was added 2-benzoyl benzoic ac id  (2.26 g, 10.0 m mol) fol lowed 

by t r im e th y l t in ( IV )  ch lo r id e  (1.99 g,  10.0 m mol). The mixture was 

s t i r r e d  f o r  one h, and th e  p r e c i p i t a t e d  sodium ch lo r ide  was removed by 

f i l t r a t i o n .  The so lvent  was then evapora ted,  and the  crude product was
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p u r i f i e d  by r e p r e c i p i t a t i o n  from ethanol by e t h e r .  The compound melted 

sharply  a t  162 - 63° C, y i e l d  80%.

T r ie thy l t in ( IV )  2-benzoyl benzoate,  E-CgHgCfOjCgH^COgSnfCgHg)]

To a so lu t ion  o f  sodium (0.23 g ,  10 mg-at) in ethanol (100 ml) 

was added 2-benzoyl benzoic ac id  (2.26 g,  10.0 m mol),  and the  sodium s a l t  

o f  the  ac id  p r e c i p i t a t e d .  To the  suspension was added t r i e t h y l t i n ( I V )  

ch lo r ide  (2.41 g, 10.0 m mol) and the  mixture was s t i r r e d  f o r  one h.

The p r e c ip i t a t e d  sodium c h lo r id e  was f i l t e r e d ,  and the  so lven t  removed 

under vacuum. Ether was added to  p r e c i p i t a t e  the  product ,  mp 111 - 12°

C, in 50% y ie ld .

Tri- jx-propylt in(IV) 2-benzoyl benzoate,  2-CgHgC(0 )CgH^C02Sn(n-CgHy)g

Bi s - t r  i -n^-propyl t i  n ( IV ) oxide (2.56  g, 5.00 m mol) and 2-benzoyl- 

benzoic acid (2.26 g, 10.0 m mol) were heated in benzene (a suspected 

carcinogen) f o r  two h. The so lven t  was then removed under vacuum to  

give a so l id  which was so lub le  in common organic  so lven t s .  This product 

was subjected to  high vacuum f o r  one day to  remove t r a c e s  o f  the  organo- 

t i n  s t a r t i n g  m a te r i a l .  The y i e l d  was q u a n t i t a t i v e ,  mp 49 - 50° C.

Tri -n^-butyl t i  n (IV) 2-benzoyl benzoate, 2-CgHgC(0 )CgH^COgSn (jl-C^Hg)g

B i s - t r i - n - b u t y l t i n ( I V )  oxide (2.98 g,  10.0 m mol) and 2-benzoyl-  

benzoic ac id  (2.26 g,  10.0 m mol) were reac ted  as before.  The benzene 

was removed under vacuum to  give 4.90 g o f  a cream-colored s o l id  with a 

wide melting range.  The pure product  was obta ined by heat ing under
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vacuum overn ight ,  y i e l d  90%, mp 60 - 61° C.

Tricyclohexylt in(IV)  2-benzoyl benzoate,  2-CgHgC(0)CgH^COgSn(c^-CgH^ ^)g

Tr icyc lohexylt in ( IV)  hydroxide (3.85 g,  10 m mol) and 2-benzoyl- 

benzoic ac id  (2.26 g , 10.0 m mol) were re f luxed  in benzene in a Dean- 

Stark apparatus fo r  two h. Then the so lven t  was removed on a ro ta ry  

evapora tor .  Addit ion o f  e the r  to the r e s u l t i n g  s o l id  gave the  product 

in 70% y i e l d ,  mp 140 - 41° C, a f t e r  washing with more e th e r .

Tri phenyl t i  n ( IV) 2-benzoyl benzoate, 2-CgHgC(0 )CgH^COgSn(CgHg)g

Tr iphenylt in( IV)  hydroxide (3.67 g,  10 .0  m mol) and 2-benzoyl-  

benzoic ac id  (2.26 g,  10.0 m mol) were heated in benzene in a Dean- 

Sta rk  appara tus .  The so lven t  was removed on a ro t a ry  evapora to r ,  and 

t r a c e s  o f  benzene were removed under vacuum. The crude product was re -  

c r y s t a l l i z e d  from e th e r  to  give the  compound, mp 106 - 07° C, in 50% 

y ie ld .

Trimethylt in( IV) 2-benzoyl- 3 , 4 , 5 , 6- te t r a c h lo ro b e n z o a te , 2-CgHgC(0)CgCl^- 

0 0 2 5 0(0 1 3 ) 3

To sodium (0.23 g,  10 mg-at) in ab so lu te  ethanol (100 mL) was 

added 2 -benzoyl- 3 , 4 , 5 , 6- te t rach lo robenzo id  ac id  (3.64 g,  10.0 m mol). 

Sodium ch lo r ide  p r e c i p i t a t e d  immediately when s o l id  t r im e th y l t in ( IV )  

ch lo ride  (1.99 g, 10.0 m mol) was then added. The mixture was ref luxed  

fo r  one h, cooled and th e  sodium ch lo r ide  removed by f i l t r a t i o n .  The 

ethanol was evaporated and the  l a s t  t r a c e s  removed under vacuum. The
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t i t l e  compound was r e c r y s t a l l i z e d  from ether  in 50% y i e l d .  The compound 

shrinks a t  ç a .  100° C before f i n a l l y  melting sharp ly  a t  200° C. The 

product can a lso  be r e c r y s t a l l i z e d  from chloroform. The mass spectrum 

showed peaks a t  m/e ( i n t e n s i t y )  512 (82.3) [CgHgC(0 )CgCl^C02Sn(CHg)2]^;

467 (100) [CgHgC(0)CgCl^Sn(CHg)2]'^; 437 (23.9)  [ CgHgC(0)CgCl4Sn]+; 401

(9.2) [CH=CHC(0)CgCl^SnCHg]'^; 165 (44.4) [(CH3 )3S n f ;  155 (83.2)  [SnCl]+; 

135 (58.2) [CH3Sn]* and 120 [Sn]f .  At 12 eV, the only fragments are 

[CgHgC(0 )CgCl^C02Sn(CH3 )2f  (37.0)  and [CgHgC(0 )CgCl^Sn(CH3 )2f  (100).

Triphenylt in(IV) 2-benzoyl- 3 , 4 , 5 , 6- t e t r ach lo ro b e n zo a te , 2-CgHgC(0)CgCl

C02^n(CgHg)3

This compound was obta ined in a s im i la r  manner from sodium (0.23 g, 

10 mg-at) ,  2-benzoyl- 3 , 4 , 5 , 6- te t rach lo ro benzo ic  acid (3.64 g,  10.0 m mol) 

and t r ip h en y l t in ( IV )  c h lo r id e  (3.86 g, 10.0 m mol) in 70% y i e l d ,  mp 55 - 

59° C. The same compound was obtained from the  condensation between the 

acid (3.64 g,  10.0 m mol) and t r ipheny l t in ( IV )  hydroxide (3.67 g, 10.0 

m mol) in benzene. The mass spectrum showed peaks a t  m/e ( i n t e n s i t y )

712 (2.6)  [CgHgC(0)CgCl^C02Sn(CgHg)3]s 677 (5 .9)  [CgH5C(0)CgCl^C02Sn 

(CgH5)3-C l] ‘̂ ; 635 (32.0)  [CgHgC(0)CgCl^C02Sn(CgHg)2f ; 591 (35.4)  

[ Y g C ( 0 )CgCl^Sn(CgHg)2]^;  437 (16.8) [CgHgC(0)CgCl^Sn]‘̂ ; 351 (22.4)  

[(CgHg)3S n f ;  309 (32.4)  [(CgHg)2SnCCH]+; 197 (67.7)  [CgHgSn]*; 155 (64.8) 

[ S n C l f  and 120 (43.9)  [Sn]+.

Attempted p repara t ion  of  t h e  pseudo e s t e r  isomer of  t r ip h e n y l t in ( IV )  2-
I------------------------- 1

benzoyl- 3 , 4 , 5 , 6- t e t r a c h lo ro b e n z o a te , 0C(0 )CgCl^(CgHg)C0Sn(CgHg)3
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Tr iphenyl t in( IV) hydroxide (3.67 g, 10.0 m mol) and 2-benzoyl -

3 , 4 , 5 , 6- te t rach lo robenzo ic  ac id  (3.64 g,  10.0 m mol) were ref luxed for  

one h in  ni tromethane (100 ml).  The solven t  was then removed, and e ther  

added. The cloudy so lu t ion  was then f i l t e r e d  to  remove undissolved s o l 

id s ,  and th e  e th e r  removed. The r e s u l t i n g  s o l i d ,  y i e l d  90%, had an in 

f ra red  spectrum iden t ica l  with t h a t  o f  2-CgHgC(0 )CgCl^C02Sn(CgHg)g.

Dimethylt in(IV) b i s -2-benzoylbenzoa te , [CgHgC(0)CgH^COg]gSn(CH^) ^

Dimethylt in(IV) oxide (1.66 g,  10.0 m mol) and 2-benzoyl benzoic 

acid (4.52 g,  20.0 m mol) were reac ted  in benzene as above. Af te r  re -  

f lux ing fo r  two h, the benzene was removed under vacuum. Ether was add

ed to  the  r e s u l t i n g  o i l .  The pure product was obta ined  by washing the 

p r e c i p i t a t e  with more e t h e r ,  y i e l d  80%, mp 178 - 80° C. The mass spec

trum disp layed  peaks a t  m/e ( i n t e n s i t y )  values o f  585 (31) {[CgHgC(0)CgH^ 

COgjgSnCHg}*; 541 (50) {[CgHgC(0)CgH^C02][CgHgC(0)CgH^]SnCHg}'^; 497 (19.2) 

{[CgHgC(0)CgH^)]gSn}'^; 375 (45.2)  { [CgHgC(0)CgH^COgSn(CHg)g}'*'; 331 (64.1 ) 

[CgHgC(0)CgH^Sn(CHg)f ; 301 (85.9)  [CgHgC(0)CgH^Snf ; 135 (17.7)  [CHgSnf ; 

120 (15.3)  [Sn] t  and 105 (100) [CgHgCO]*. At 12 eV, t h e  only fragments 

are {[CgHgC(0 )CgH^C02]SnCH2 }"̂  (84.6)  and {[CgH-C(0)CgH^C02][CgH.C(0 )CgH^] 

SnCHg}* (100).

Diphenyl t in ( IV )  2-benzoyl benzoate,  2-CgHgC(0 )CgH^C02Sn(CgHg)g

Diphenylt in(IV) oxide (2.89 g, 10.0 m mol) and 2-benzoyl benzoic 

acid (4.52 g, 20.0 m mol) were heated in 150 ml benzene fo r  two h. The 

benzene so lu t ion  was f i l t e r e d  and then concentrated to  a t h i r d  of  i t s  

o r ig in a l  volume. The r e s u l t i n g  p r e c i p i t a t e  was f i l t e r e d  and washed with
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e the r  to  g ive the  t i t l e  compound in 50% y i e l d ,  mp 210 - 12° C. The mass 

spectrum showed peaks a m/e ( i n t e n s i t y )  647 (10.5)  {[CgHgC(0 )CgH^C02]2 

SnCgHg}+; 559 (5 .1 )  {[CgHgC(0 )CgH^C02][CgHgC(0 )CgH^]SnCgHg}'^; 499 (100) 

[CgHgC(0)CgH^C02Sn(CgHg)2f; 455 (91.7)  [CgH5C(0)CgH^Sn(CgHg)2f ; 301

(69.2) [CgHgC(0)CgH^Sn]'^; 197 [CgHgSnf and 120 (19.3)  [Sn]f .

Tr im ethy ls i ly l  2-benzoyl benzoate,  2-CgHgC(0 )CgH^C02Si(CHg)^

Hexamethyldisi lazane (1.61 g, 10.0 m mol) and 2-benzoyl benzoic 

ac id  (4.52 g,  20.0 m mol) were refluxed in a 1:1 mixture o f  benzene/ 

hexane (150 mL) under a n i t rogen atomosphere. The ac id  was only p a r t 

ly  so lub le  in th e  hot so lven t ,  but a f t e r  f i v e  h, most o f  th e  s o l id  had 

d is so lved .  Heating was continued fo r  another twelve h, a f t e r  which the 

so lu t ion  was f i l t e r e d  hot to  remove any in so lub le s .  The so lven t  was then 

removed, and e th e r  (100 mL) was added. The so lu t io n  was again f i l t e r e d ,  

and the  e th e r  removed under vacuum. A cream-colored o i l  was obta ined ,
2 5

n^ = 1.5531.

Triethylgermyl 2-benzoyl benzoate,  2-CgHgC(0 )CgH^C02Ge(C2Hg)g

The sodium 2-benzoyl benzoate prepared from sodium (2 .3  g, 10 mg- 

a t )  and 2-benzoyl benzoic acid (2.26 g, 10.0 m mol) was reac ted  with t r i 

ethyl chi orogermane (1.95 g, 10.0 m mol) in e thano l .  The sodium ch lo r ide

was removed and the  so lvent  evaporated.  Traces o f  ethanol were removed
2 5

under vacuum t o  give an o i l  which could not be c r y s t a l l i z e d ;  ihq = 1.5615. 

Tri phenyl1ead( IV) 2-benzoyl benzoa te, 2-CgHgC(0)CgH^C02Pb(CgHg)g
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In a s i m i l a r  manner, sodium (0.23 g, 10 mg-at) ,  2 -benzoyl benzoic 

acid (2.26 g, 10.0 m mol) and t r iphenyl  lead(IV) ch lo r ide  (4.74 g, 10.0 

m mol) were reac ted  in ethanol to  give the  t i t l e  compound in 80% y i e l d ,  

mp 183 - 85° C (decomp.).

Sodium 2-benzoyl benzoate,  2-CgHgC(0 )CgH^C02'Na^

This s a l t  was prepared from sodium metal (0.23 g, 10.0 m mol) and 

2-benzoyl benzoic ac id  (2.26 g, 10.0 m mol) in ethanol (50 mL). Ether was 

added to t h e  s o l id  which was then f i l t e r e d .  The s a l t  was washed with 

more e th e r  and a i r - d r i e d .  I t  showed no signs o f  decomposition below 

250°. Yield 90%. The formulat ion o f  t h i s  compound was assumed.

Sodium 2-benzoyl- 3 , 4 , 5 , 6- t e t r ach lo ro b e n zo a te ,  2-CgHgC(0 )CgCl^C02~Na^

This s a l t  was prepared from sodium metal (0.23 g,  10.0 m mol) 

and 2-benzoyl- 3 , 4 , 5 , 6- te t rach lo robenzo ic  acid (3.64 g, 10.0 m mol) in 

ethanol (50 mL). The so lvent  was removed and e the r  added. The white 

s o l id  was c o l l e c t e d  by f i l t r a t i o n  and washed repea tedly  with more e th e r ,  

giving th e  compound in 90% y i e l d ,  mp above 250°. The formulat ion was 

a lso  assumed.

Results  and Discussion

The syn thes i s  o f  th e  t r io rg an o t in ( IV )  2-benzoyl benzoates proceeds 

in good y i e l d  from th e  m e ta thes is  of  th e  corresponding t r i o rg a n o t in ( IV )  

ch lo r ide  and th e  sodium s a l t  o f  the  acid in absolu te  e thano l ,  the  reac 

t i o n  being dr iven  to  completion by the  p r e c i p i t a t i o n  o f  sodium ch lo r ide :
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RgSnCl + Z-CgHgCfOjCgH^COgNa ^  2-CgHgC(0 )CgH^C02SnRg + NaCU (5.3)

R = CHg, CgHg

or  from the  r e a c t io n  o f  th e  corresponding b is - t r io rg an o t in ( IV )  oxide 

with th e  paren t  a c id ,  with the  reac t ion  driven to  completion by the  azeo- 

t r o p i c  d i s t i l l a t i o n  o f  t h e  water re leased :

[RgSnlgO + 2 2-CgHgC(0)CgH^C02H 2 2-CgHgC(0)CgH^C02SnRg + H2 O (5 .4)

R = ]l-CgHy, Jl-C^Hg

or  from the  analogous condensation reac t ion  using the  corresponding t r i -  

organotin(IV) hydroxide:

RjSnOH + 2-CgHgC(0)CgH4C02H ^  2-CgHgC(0)CgH^C02SnRg + H2 O (5 .5 )

R = CgHg

The diorganot in (IV )  d e r iv a t iv e s  a re  synthes ized in high y i e ld  from con

densation r e a c t io n s ,  s t a r t i n g  from the  diorganot in(IV) oxides in r e f lu x -  

ing benzene:

R^SnO + 2 2-CgHgC(0)CgH^C02H [2-CgHgC(0)CgH^C02]2SnR2 + H2 O (5 .6)

R = CHg, CgHg

The o th e r  organometal l ic  e s t e r s  o f  2-benzoyl benzoic ac id  were pre

pared by th e  sodium s a l t  rou te

R3 MCI + 2 -CgHgC(0 )CgH^C0 2 Na 2 -CgHgC(0 )CgH^C0 2 MR3  + NaCU (5 .7 )

HR3 = GetCgHgl;, PbtCgHg), 
but th e  o rganos ily l  compound was prepared by the  condensation o f  hexa

methy ld i s i lazane  with 2-benzoyl benzoic ac id ,  in a method used fo r  syn

th es iz ing  t r i m e t h y l s i l y l  ca rboxylates

(CH3)3SiNHSi(CH3)3 + 2 2-CgHgC(0)CgH^C02H ^ 2 2-CgHgC(0)CgH^C02Si(CH3)3

+ NH3  (5 .8 )
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Mossbauer Data

The Mossbauer spec t ra  fo r  a l l  the organotin compounds studied  are

wel l - re so lved  doublets  whose isomer s h i f t s  (IS) spec i fy  t e t r a v a l e n t  t i n

and whose quadrupole s p l i t t i n g s  (QS) and p (QS/IS) values (3.04 - 3.54

mm s  ̂ and 2.16 - 2 .70 ,  r e spec t ive ly )  d i c t a t e  h igher  than four-coordina-
12

t i o n  a t  th e  t i n  atom. S t ruc tu re  ( ^ )  can thus be conf idently  ruled 

out .  The f a i l u r e  o f  t h e  t r im ethy l -  and t r iphenyl  t i n  and dimethyl- and 

d iphenyl t in  d e r iv a t iv e s  to give ambient temperature Mossbauer spectra  

argues aga in s t  a highly assoc ia ted  polymeric l a t t i c e .  The a l i p h a t i c  com

pounds uniformly show a l a rg e r  QS than the  corresponding aromatic ana

logues.

For th e  dimethyl-  and diphenyl t in ( IV )  b is -2 -benzoylbenzoates,  the

point-charge approximations to  r e l a t e  the  observed QS to the  ca rbon- t in -
1 3carbon angles can be app l ied .  These r e s u l t s  c o r r e l a t e  with the known 

X-ray da ta* '^  f o r  the d i m e t h y l - ^ a n d  d iphenylt in( IV)^^  systems. Assum

ing t h a t  th e  p a r t i a l  quadrupole s p l i t t i n g  o f  th e  l igand groups can be 

neg lec ted ,  t h e  ca rbon- t in -carbon  angle in the dimethyl t i n  compound i s  154° 

and in th e  d ipheny l t in  compound i s  136°. These two de r iva t ives  hence 

adopt a t r a n s - RpSn geometry.

Tr io rganotin  compounds with a t r igona l  bipyramidal geometry a t  the 

t i n  atom a r e  known to  have small quadrupole s p l i t t i n g s  i f  one of  the  th ree  

organic groups i s  a t  an apical  p o s i t i o n . S i x - c o o r d i n a t e d  t r io rg an o t in  

compounds a re  not k n o w n , a n d  since the QS values fo r  the benzoyl ben

zoates a re  in th e  range 3.45 - 3.99 mm s '^  f o r  th e  t r i a l i p h a t i c  t in( IV) 

compounds and 3.07 -  3.16 mm s ”  ̂ f o r  the  tr iphenyl  t i n  (IV) de r iv a t iv e s ,  

the  CgSn g i r d l e  i s  equa tor ia l  and r a th e r  f l a t  in these  systems.
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Vibrat ional  Data

The s t r e t c h in g  f requencies  t h a t  a re  most important  in the se  organo

t i n  d e r iv a t iv e s  a re  th e  ke tonic  C=0, t h e  carboxyl COg and the  Sn-C bands. 

Table 3 l i s t s  t h e  prominent bands f o r  a l l  the  d e r iv a t iv e s  prepared.

In th e  v(Sn-C) reg ion ,  only one band i s  observed in the  in f ra red  

fo r  the  2-CgHgC(0 )CgX^C02Sn(CHg)2 d e r iv a t iv e s  (X = H, Cl) a t  546 c m ' \  

and in the  Raman spectrum only one band i s  seen a t  lower frequencies  

(X = H, 521; X = Cl, 519 cm"^). These absorp tions  in  the  in f r a re d  and 

Raman spec t ra  a re  ass igned to  and Vgy^(Sn-C), r e s p e c t iv e l y ,  and the

CgSn skele ton i s  planar  in th e  s o l id  s t a t e .  In chloroform s o lu t io n ,  

however, a weak band i s  seen in t h e  in f r a re d  a t  511 cm”\  thus  ru l ing  out  

s t r i c t  p l a n a r i t y  in t h i s  medium.

For the  d imethyl t in (IV) d e r i v a t i v e ,  th e r e  a re  two weak bands in 

the  v(Sn-C) region a t  574 and 542 cm”  ̂ in the  in f r a re d  and a t  589(w) and 

528(vs) in the  Raman spectrum. The observa tion  o f  both and v̂ yĵ ^

(Sn-C) ru le s  ou t  a s t r i c t l y  l i n e a r  CgSn ske le ton ,  and t h i s  conclusion is  

supported by c a l c u la t io n s  based upon Mossbauer QS data  (vide s u p ra ).

Bands a t  575 and 555 cm'^ a re  seen in th e  in f r a r e d  o f  a chloroform so lu

t ion .

In the i r ,  the normal methyl e s t e r  o f  2-benzoyl ben zoic ac id  ex h ib i t s

two v(C-O) bands, while th e  pseudo-es te r  o f  the  l a c to l  ( ^ )  exh ib i t s  
1 2only one. ' However, t h e r e  wil l  be a severe lowering o f  th e  carboxy- 

l a t e  s t r e t c h in g  frequency owing to  a mass e f f e c t  i f  form ( p  i s  adopted,  

in add i t ion  to  any lowering o f  frequency a r i s i n g  from coord ina tion  to  the  

t i n  atom as in forms ( ^ ^ ) ,  ()^), ( ^ p  and (j^j^). Thus i t  would be hazard

ous to use the  pos i t ion  and number o f  the se  C-0 s t r e t c h in g  f requenc ies
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as a c r i t e r i o n  fo r  d i s t i n g u i s h in g  between the  e s t e r  and lac to l  conf igura

t i o n s  as well as  whether coordina tion  through th e  ketonic or  carboxylate 

oxygens.

To a s s i s t  the  assignments ,  t h e  2-benzoybenzoate d e r iv a t iv e s ,  

Z'CgHgCfOjCgH^COgMRg, were syn thes ized  where M = S i , Ge and Pb, and Table 

4 compares th e  carbon-oxygen s t r e t c h i n g  f requenc ies .  Tr imethyls i ly l  ace

t a t e  possesses a normal e s t e r  s t r u c t u r e  with t h e  carbonyl s t r e t ch in g  

frequency a t  1725 cm"^. The i s  found a t  1635 cm"^ in t r i 

methyl t in ( IV )  a l a n in a t e  which does not conta in  a coordina ted  carboxyla te  

group,  and a t  1600 cm"^ in t r i c y c lo h e x y l t i n ( IV )  a l a n in a t e  which does.®

The band a t  1663 cm"^ in the  normal e s t e r ,  2-CgHgC(0 )CgH^C02CHg, would 

be expected to be s h i f t e d  to  lower energy in t h e  corresponding organotln-  

(IV) d e r iv a t iv e s  whether by a mass e f f e c t  o r  i f  the  ketonic oxygen does 

engage in coord ina t ion .  Thus th e  two s e t s  o f  bands a t  ç a .  1650 and 1600 

cm'^ can be assigned to  the  ketonic and carboxy la te  s t r e t ch in g  f requen

c i e s ,  r e s p e c t iv e l y ,  in th e  organot in (IV)  d e r i v a t i v e s .  Using t h i s  l o g i c ,  

the  data in Table 4 can be r a t i o n a l i z e d .  Triethylgermyl 2-benzoyl- 

benzoate with  bands a t  1728 and 1617 cm”  ̂ is  a four -coordina ted ,  normal 

e s t e r .  The bands a t  ç a .  1650 in the  organotin(IV) de r iva t ive s  a re  r e l a 

t i v e l y  independent o f  the  na tu re  o f  t h e  organic groups a t  t i n .  Coordina

t i o n  by a weakly bas ic  ketonic oxygen would be expected to be s e n s i t i v e 

ly  a f f e c t e d  by th e  s t e r i c  bulk a t  t i n .  Thus t h e  ketonic oxygen i s  not  

coordina ted  to  t i n  in the se  d e r i v a t i v e s .

NMR Data

The coupling cons tan t s ,  I^J(^^^Sn-C-^H)| , fo r  the  t r im e thy l t in ( IV )
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d e r iv a t iv e s ,  2-CgHgC(0 )CgX^C02Sn(CHg)^, where X = H and Cl a re  70.0 and 

67.5 Hz, r e s p e c t iv e ly .  Thus the  f iv e -c o o rd in a te d  s t r u c t u r e  p e r s i s t s  in 

s o lu t io n .^ ^  The coupling cons tant  f o r  th e  d im ethyl t in( IV)  de r iva t ive  

is 82.0 Hz, a l so  c o n s i s t e n t  with a h igher  than four-coord ina ted  s t r u c 

tu r e  in s o lu t i o n ,  perhaps with a n o n - l i n ea r  CgSn ske le ton  as predicted 

from th e  Mossbauer QS value (vide s u p ra ).

Raising th e  coord ina tion  number a t  t i n  moves the  t in-119 NMR 

chemical s h i f t  u p f ie ld  o f  t e t r a m e th y l t i n ,  while  s u b s t i t u t i o n  of  e l e c t r o 

negat ive groups moves t h e  resonance downfield.^®”^^ For the  organotin

(IV) 2-benzoyl benzoates,  th e  t i n  chemical s h i f t  (see Table 5) i s  a t  

lower f i e l d  than t e t r a m e th y l t in  fo r  th e  a l i p h a t i c  d e r iv a t iv e s  and to 

higher f i e l d  f o r  th e  t r i p h e n y l -  and a l l  the  d iorganot in (IV)  de r iva t ives  

measured. In a l l  cases only one resonance i s  observed.  Thus i f  both nor

mal e s t e r  and l a c t o l  forms e x i s t ,  they must be in te rconver t ing  rap id ly  

with re spec t  to  t h e  NMR time sca le  through e q u i l i b r i a  such as th a t  de

pic ted  in Eq. (2) .

In t h e  parent  2-benzoyl benzoic ac id  the  carbon-13 NMR (see Table 

6) o f  t h e  ketonic carbon i s  found a t  196 ppm, while  t h a t  o f  the  carboxy

l a t e  carbon i s  a t  171 ppm r e l a t i v e  to  t e t r a m e th y l s i l a n e .  The lactone from 

the  ac id  ch lo r ide  o f  t h e  t e t r a c h l o ro  d e r i v a t i v e ,  on the  o the r  hand, ex

h i b i t s  a resonance a t  162 fo r  the  ca rboxy la te  carbon, but the ketal c a r 

bon now appears a t  99 ppm. The carboxyla te  carbon o f  the  methyl e s t e r  

of  the  l a c to l  ( ^ )  resonate s  a t  168 ppm and th e  ketal  carbon a t  109 ppm. 

The da ta  fo r  four  o f  th e  organotin(IV) d e r iv a t iv e s  s u f f i c i e n t l y  so luble  

fo r  study are c l o s e  to  those for  th e  open-form and not  the  l a c t o l ,  thus 

ru l ing  ou t  th e  l a c to l  forms (J[^) and f o r  the t i n  products .  The
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resonances of  t h e  carboxyla te  carbons in the  t e t r a c h l o r o  and th e  pseudo

e s t e r  d e r iv a t iv e s  a re  found a t  somewhat lower f i e l d .

Mass Spectra l  Data 

For t h e  t r i o r g a n o t in ( I V )  d e r iv a t iv e s  (see  Table 7) a parent  molecu

l a r  ion is  only seen f o r  t h e  t r ipheny l  d e r iv a t iv e s ,  but no fragments high

er  than the  pa ren t  and no d i t i n  o r  o the r  combinations o f  atoms which 

would a r i s e  from oligomers a r e  seen.  The most in tense  peak, except  in 

th e  t r i m e t h y l t i n  case ,  i s  t h e  fragment [CgHgC(0)CgH^C02SnR2]^ which sub

sequently lo ses  a molecule o f  carbon dioxide.  Heating th e  compounds 

themselves, however, f a i l s  to  l i b e r a t e  CO2. For t h e  t r imethyl  de r iva 

t i v e ,  the  base peak a t  70 eV i s  th e  [(CHgj^Sn]^ fragment,  and th e  [CgHgC- 

(0 )CgĤ C02Sn( CH^)2]^ ion i s  a l so  found in high abundance. The l a t t e r  

ion i s  the  base peak a t  12 eV.

The mass spectrum o f  th e  parent ,  2-benzoyl benzoic ac id  ( p ,  which
21

ex i s t s  in t h e  open form in t h e  s o l id  s t a t e ,  i s  d i f f e r e n t  from t h a t  of  

t h e  t e t r a c h l o r o  d e r i v a t i v e  which may be in the  l a c to l  form ( ^ )  in the 

s o l i d .  The prominent fragments f o r  ( p  a re :  [M-CgHg]^ (43.4%),  [M-C02H]^

(26.4%) and [CgHgCO]* (100%) (M = molecular ion) and fo r  th e  t e t r a c h lo ro  

d e r iv a t iv e  a re :  (39.8%), [M-C02H]* (11.6%) [CgCl^C(0 )C2H20H f  (75.5%)

and [CgHgCO]^ (100%) (M = molecular  ion).

S t ru c tu ra l  Conclusions

From t h e  Mossbauer QS data  th e  t i n  atoms a re  a l l  higher  than four-  

coordinated and t h i s  is  cor robora ted  by I^J(^^^Sn-C-^H)| values  in the  

proton NMR and t in -119  chemical s h i f t s .  From carbon-13 NMR chemical
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s h i f t  evidence the  open form and not the  la c to l  i s  t h e  one adopted.

From v ib ra t iona l  s t r e t c h in g  frequencies f o r  the  carbon-oxygen bonds i t  

i s  c l e a r  t h a t  th e  ketonic carbonyl group i s  not involved in coordination 

to  the  t i n  atom. This combination o f  evidence ru le s  out  forms ( H ^ ) ,

(^V), { ^ )  and ( ^ ^ ) .  leaving only th e  carboxyla te -br idged  {}(). Presum

ab ly ,  a s ix -coo rd ina ted ,  t r a n s - RpSn octahedral  form is  adopted by the 

d iorganot in(IV) d e r iv a t iv e s .

This conclusion i s  supported by th e  s t r u c t u r e  o f  bis(2-benzoyl- 

benzoato)copper( 11) - 4 - iodoani1i ne which con ta ins  open-form 2-benzoylben- 

zoato moiet ies  which ac t  as b iden ta te  bridging l ig an d s .  The ketonic
22carbonyl groups a re  not involved in coordina ting to  th e  copper cen te r .

Bridging carboxylate groups a re  ubiqui tous in organotin(IV) s t r u c 

tu r a l  c h e m i s t r y . T h e  t i t l e  compounds are a s so c ia ted  so l id s  in which the 

ketonic carbonyl groups a re  not involved in coord ina tion  to the t i n  atoms. 

The t r i o rg a n o t in ( IV )  de r iva t ive s  contain  equatorial-R^Sn groups,  while 

th e  d iorganot in(IV)  de r iva t ives  conta in  t r a n s - RpSn groups.

Summary

Six t r io rg an o t in ( IV )  2-benzoyl benzoates,  2-CgHgC(0 )CgH^C02SnR3 , 

where R = CHg, CgHg, ii-CgHy, n^C^Hg, c-CgH^.| and CgHg, two 2-benzoyl-

3 ,4 ,5 ,6 - t e t r a c h lo ro b e n z o a te s ,  2-CgHgC(0 )CgCl^COgSnRg, where R = CHg and 

CgHg and two diorganotin(IV) b is -2-benzoylbenzoates ,  [CgHgCtOjCgH^COglg 

SnRg, where R = CHg and CgHg, a re  prepared by meta thes i s  between the  or-  

ganotin(IV) ch lo r ide  and the  sodium s a l t  o f  the  ac id  in ethano l ,  by 

a z e o t ro p ic a l ly  d i s t i l l i n g  water  from benzene s o lu t io n s  o f  the b i s - t r i -  

organotin(IV)  oxide and the  parent  a c id ,  o r  from a t r io rgano t in ( IV )
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hydroxide and th e  paren t  ac id .  The products a re  s o l i d s ,  and, except fo r  

th e  t r im e th y l t i n ( IV )  d e r i v a t i v e s ,  a re  so lub le  in common organic so lven t s .  

Other Group IV e s t e r  d e r iv a t iv e s  o f  2-benzoyl benzoic ac id ,  2-CgHgC(0)Cg- 

Ĥ COgMRg [MRg = SifCHg)^, GefCgHgjg and Pb(CgHg)g], were a l s o  synthes ized .  

Tin-119m Mossbauer isomer s h i f t  (IS) values confirm the  t in ( IV )  oxida tion 

s t a t e s  and t h e  quadrupole s p l i t t i n g s  (QS) (3.04 -  3.54 mm s " ^ ) and p 

(QS/IS) values (2.16 - 2.70) spec i fy  h igher  than four  coord ina tion  a t  t i n  

in th e  s o l id  s t a t e .  From th e  QS values o f  th e  diorganot in(IV) d e r iva 

t i v e s  a po in t -charge  model i s  used to c a l c u l a t e  th e  carbon- t in -carbon 

angles.  The magnitudes of  these  angles show t h a t  these  d e r iv a t iv e s  adopt 

a t r a n s - conf igu ra t ion  in th e  s o l i d ,  and t h a t  the  t r i o rg a n o t in ( IV )  de r iva 

t i v e s  have equa to r ia l  R^Sn groups which a re  approximately p la nar .  Absence 

of  a V (Sn-C) mode in the  i n f r a r e d  and a v, .„_(Sn-C)  mode in th e  Ramandblil aSynl

s p e c i f i e s  t h e  p la n a r i ty  o f  th e  (CHg)2Sn group in i t s  s o l i d  d e r i v a t i v e ,  

but not in s o lu t io n .  Both bands appear f o r  the  (CHg)2Sn d e r i v a t i v e ,  r u l 

ing out  a s t r i c t l y  l i n e a r  a r r a y .  The ketonic and carboxyla te  carbon- 

oxygen s t r e t c h in g  frequenc ies  a r e  ass igned  a t  ca .̂ 1650 and 1600 c m " \  

r e s p e c t iv e l y ,  and i t  i s  concluded t h a t  t h e  ketone group i s  not  coordina ted  

to t h e  t i n  atom. The high values f o r  th e  carbonyl s t r e t c h in g  frequencies 

o f  th e  o r g a n o s i ly l -  and germyl d e r iv a t iv e s  r e f l e c t  fou r -coord ina t ion .

NMR coupling c o n s ta n t s ,  |^J(^^^Sn-C-^H)| , r e f l e c t  h igher  than fou r -coor 

d ina t ion  f o r  t h e  t r i -  and d im ethyl t in ( IV)  d e r iv a t iv e s  in  s o lu t i o n .  Tin- 

119 NMR chemical s h i f t s  a re  to  lower f i e l d  than te t r a m e th y l t in  fo r  the 

a l i p h a t i c  d e r i v a t i v e s ,  r e f l e c t i n g  low coord ina t ion ,  in c o n t r a s t  to the 

t r i p h e n y l -  and diorganotin( IV) d e r i v a t i v e s .  Only one resonance i s  ob

served ,  so t h e  open and la c to l  forms, i f  both a re  p resen t ,  must be in
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rap id  equi l ibr ium.  Carbon-13 resonances fo r  the  keto-  and ca rboxyla te  

carbons o f  the organotin  d e r iv a t iv e s  resemble those  o f  th e  open and not 

the  l a c to l  forms o f  t h e  paren t  m a te r i a l s .  No d i t i n  o r  o th e r  fragments 

c h a r a c t e r i s t i c  of  th e  ol igomer a r e  seen in the  mass spectrum a t  70 eV.

The evidence s p e c i f i e s  an a s so c ia ted  s o l id  with br idging carboxyla te  

groups from the open-form o f  2-benzoyl benzoate in which the  ketonic  ca r 

bonyl group is not involved in coordina tion  to  t h e  t i n  atom. The t r i -  

organotin(IV) d e r iv a t iv e s  con ta in  equatorial-R^Sn groups,  and th e  diorgano- 

t in ( IV )  de r iv a t iv e s  con tain  t r a n s - RpSn groups.



TABLE 1

DI- AND TRIORGANO-GROUP IV 2-BENZOYLBENZOATES

Compound mp (°C) %C
[Found( Calcd)]

%H
[Found(Calcd)]

Yield(%) Routt

2 - CgHgC( 0 ) CgH^COgSn( CH3 ) 3 162-63 52.10 (52.48) 4 .83  (4 .63) 80 1 ^

2 -CgHgC(0 )CgH4 C0 2 Sn(C2 Hg) 3 1 1 1 - 1 2 54.52 (55.72) 5.57 (5 .57) 50 1

2 -CgHgC( 0 )CgH4 C0 2 Sn(n-C 3 H7 ) 3 49-50 58.41 (58.39) 6 .59  (6 .35) 1 0 0 2 k

2 -CgHgC(0 )CgH4 C0 2 Sn(n-C 4 Hg) 3 60-61 60.95 (60.62) 7 .15  (6 .99) 90 2

2 -CgHgG(0 )CgH4 C0 2 Sn(c-CgH^ ^ ) 3 140-41 64.64 (64.79) 7.14 (7 .09) 70 3S.

2 -CgHgC(0 )CgH4 C0 2 Sn(CgHg) 3 106-07 66.96 (66.70) 4 .42  (4 .17) 50 3

2 -CgHgC(0 )CgCl4 C0 2 Sn(CH3 ) 3 2 0 0 38.40 (38.73) 3.05  (2 .66) 50 1

2-CgHgC(0 )CgCl^C02Sn( CgHg > 3 55-59 54.14 (53.88) 3.07 (2 .81) 70 1.3

[ 2 -CgHgC(0 )CgH^C0 2 ] 2 Sn(CH3 ) 2 178-80 59.93 (60.13) 4 .34  (4 .01) 80 4 k

[ 2 - CgHgC{0 )CgH^C0 2 l 2 ^ ^ (CgHg) 2 2 1 0 - 1 2 66.27 (66.42) 3 .94  (3 .87) 50 4

2 -CgHgC(0 )CgH4 C0 2 S i ( 0 ^ 3 ) 3 - 68.69 (68.46) 6.01 (6 .04) 1 0 0 5^

2 -CgHgC{0 )CgH^C0 2 Ge(C2 Hg) 3 - 63.21 (62.40) 6 .25  (6 .24) 1 0 0 1

r o
t o



TABLE 1 ,  c o n t ' d .

Compound mp (°C) %C
[Found(Galcd)]

%H
[Found(Calcd)]  Yield(%) Route

Z-CgHgCfOjCgH^COgPbfCgHg)] 183-85 57.69 (57.90) 3.76  (3 .62)  80 1

— Triorganometa l(IV)  c h l o r i d e  + sodium s a l t .

— B i s - t r i o r g a n o t i n ( I V )  oxide  + a c id .

— T r io rgano t in ( IV )  hydroxide + a c id .

— Diorganotin(IV) ox ide  + a c id .

— Hexamethyldis i lazane  + a c id .



TABLE 2

TIN-119m MOSSBAUER DATA FOR THE 01- AND TRIORGANOTIN(IV) 2-BENZOYLBENZOATES IN mm AT 77K

Compound I S + 0 . 0 3 Q S + 0 .0 6 r ^ + 0 . 0 3 T 2 + 0 . 0 3 p = Q S / I S

2- CgHgC{0) CgH^COgSn( CH3)3 1 . 2 8 3 . 4 5 0 . 9 4 0 . 9 2 2 . 7 0

2-C g H g C (0)CgHgC02S n ( C 2H g)3 1 . 4 7 3 .5 1 1 . 0 6 1 . 0 4 2 . 3 9

2-C g H g C (0)CgH4C02S n ( n - C 3H y)3 1 . 4 6 3 . 5 4 1 . 2 3 1 . 2 5 2 . 4 2

2- C g H g C (0)CgH4C02S n ( n - C 4H g)3 1 . 4 6 3 . 5 0 0 . 9 9 0 . 9 5 2 . 4 0

2-C g H g C (0)CgH^C02S n ( c - C g H ^ ^  >3 1 . 5 5 3 . 4 6 1 . 0 5 1.01 2 . 2 4

2-C g H g C (0)CgH4C02S n (C g H g )3 1 .3 1 3 . 1 6 1.10 1.10 2 . 4 2

2 - CgHgC( 0 ) C g C l4 C 0 2 S n {CH3)3 1 . 4 4 3 . 9 9 1 . 8 0 1 . 8 0 2 . 7 7

1 . 4 2 3 . 0 7 1 . 6 2 1 . 5 7 2 . 1 6

[ 2-C g H g C (0)CgH4C02] 2Sn(C H3)2 1 . 3 0 3 . 8 2 1.11 1 . 2 4 2 . 8 5

[ 2 - CgHgC ( 0  ) C gH ^C 02] 2^*  ̂( ̂ 6 ^ 5  ̂  2 1 . 2 4 3 . 0 4 1 .5 1 1 . 4 6 2 . 4 6

ro
a i
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TABLE 3

INFRARED DATA FOR THE DI- AND TRIORGANOMETALLIC(IV) 
2-BENZOYLBENZOATES IN NUJOL FROM 2000 TO 400

2-CcHcC(0)CcH.C0,H^ 1692(sh), 1678(vs) ,  1595(w), 1574(m), 1428
^ ^ ^  ^  ^ (m), 1312(m), 1306(m), 1292(m), 1277(m),

1257(m), 933(m), 767(m), 701(m)

2-C.HcC(0)CcCKC0,H^ 1755(vs) ,  1372(vs) ,  1280(s) ,  1260(s) ,  1227(vs) ,
^ ^ t) 4 2 1149(vs) ,  967(s) ,  795(s ) ,  782(s) ,  732(s ) ,

725(vs) ,  695(s) ,  670(s ) ,  590(m,br),  505(m)

2-C.H(.C(0)C.H.C0,Sn{CHj,^ 1652(vs) ,  1639(vs) ,  1629(vs) ,  1610(s) ,  1594 
° ^ ^ ^ ( v s ) ,  1581(s) ,  1570(s ) ,  1449(s) ,  1342(vs) ,

1315(vs) ,  1288(vs) ,  1255(m), 1169(m), 1145 
( s ) ,  936(s ) ,  928(s) ,  850(s ) ,  814(m), 799(s) ,  
774(vs) ,  734(s ) ,  700(s ) ,  685(s ) ,  670(s ) ,  634 
(m), 582(m), 546(s) ,  509(m), 454(s)

2-C.H.C(0)C.H.C0pSn(CpHr)q 1649(vs) ,  1594(s) ,  1578(s) ,  1339(vs) ,  1320 
^ ^ ^ ^ ^ ^ ^ ^ ( v s ) ,  1292(vs) ,  1256(s) ,  1149(m), 1085(m),

938(m), 771( s ) ,  698(m), 686(m), 675(s ) ,  561 
(w), 514(m), 467(m)

2-CgHKC(0)C.H.C0,Sn(n- 1660(vs) ,  1652(vs) ,  1595(m), 1578(m), 1332(vs) ,
6 5 6 4  2 -  I282(s ) ,  1247(m), 1143(m), 1067(m), 992(m),

[ 3^7)3 932(m), 765(s ) ,  728(s ) ,  715(s ) ,  700(s ) ,  666(m),
450(w)

2-C.HgC(0)CÆC0,Sn(n- 1664(vs) ,  1597(s) ,  1578(s) ,  1336(vs) ,  1279(s) ,
r  u \  ^ ^  1146(m), 933(m), 764(s) ,  729(m), 705(vs) ,
^4^9^3 671( s ) ,  450(w)

2-C.HcC(0)C.H.C0,Sn(c- 1652(s) ,  1639(m), 1623(m), 1595(m), 1577(w),
6 b 6 4 2 -  I365 ( s ) ,  1350(s) ,  1314(m), 1279(m), 932(m),

V i r  765(m), 729(m), 705(m), 450(w)

2-C.HrC(0)C.H.C0,Sn(C.HJ- 1648(vs) ,  1594(s) ,  1576(s) ,  1334(vs),  1314(s ) ,  
G 4  2 6 5 3 i 276(s ) ,  1142(tn), 1077(m), 933(m), 763(m),

729(vs) ,  709(s ) ,  692(vs) ,  556(w), 440(m)

2-CrH.C(0)C.Cl.C0,Sn(CHJ_- 1679(s) ,  1614(vs) ,  1333(vs),  1263(vs),  985(m), 
® ^ 6 4 2 3 3 7go(m), 762(m), 683(m), 652(m), 586(m), 546(m)
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TABLE 3 ,  c o n t ' d .

2-CcHrC(0)CcCl,C0,Sn(CcHc)o 1 6 77 (vs ,b r ) ,  1598(m), 1581(m), 1482(m), 1432 
^ ^ b 5 j  (vg)^ 1300(vs ,b r ) ,  1260(vs) ,  1177(m), 1130

(m), 1077(m), 997(m), 981(m), 728(vs) ,  695 
(v s ) ,  683{s) ,  660(s ) ,  596(m)

[2-C.HrC(0)C.H.C0«],Sn 1670(s) ,  1663(s) ,  1584(s) ,  1578(s) ,  1560(m),
rru °  ^ ^ 1540(m), 1316(m), 1284(m), 934(m), 798(m),
'^^ 3 '2  766(s ) ,  729(s) ,  700(m), 686(iti), 679(m), 574

(w), 542(w), 450(m)

[2-CcH[C(0)CcH.C0,],Sn(Cc 1677(vs ,b r ) ,  1598(m), 1581(m), 1482(m),
6 b 6 4 2 2 6 I432(vs ) ,  1300(vs ,b r) ,  1260(vs) ,  1177(m),

"5 '2  1130(m), 1077(tn), 997(m), 981 (m), 728(vs) ,
695(vs ) ,  683(s ) ,  660(s) ,  596(m)

2-C.H.C(0)C.H.C0pSi(CHJ,9- 1775(w), 1702(vs) ,  1676(vs) ,  1598(s ) ,  1582 
^ ^ ^ ^ ^ ^ ^ (m), 1450(s) ,  1302(vs) ,  1255(vs) ,  1135(s) .

1081(m), 933(s ) ,  868(s ) ,  850(vs) ,  8 30 (s ) ,  
765(s ) ,  732(tn), 730(s ) ,  710(s ) ,  696(s ) ,  660 
(m), 630(w)

2-CgHcC(0 )C.H.C0.Ge(C«H[.)_a. i728(m), 1677(vs) ,  1600(s) ,  1584(s) ,  1462 
® ^ ® ^ 2 2 5 3 (gh),  I4 5 2 ( s ) ,  1315(s ,b r ) ,  1283(sh),  1139(s) ,

1084(tn), 1012(m), 932(s ) .  842(m), 798(tn), 
768(s ) ,  730(s) ,  712(s) ,  687(s ) ,  637(m), 612 
(m), 590(tn), 540(w), 470(w)

2-C.HqC(0)C.H,C0,Pb(C.H.)_ 1669(s ) ,  1660(s) ,  1631(m), 1614(s) ,  1589(s) ,
^ ^ 2 1560{s),  1476(s) ,  1450(s) ,  1435(tn), 1431(m).

1398(s) ,  1345(s) ,  1316(s) ,  1296(tn), 1284(s) .  
1250{w), 1146(m), 1016(m), 9B4(m), 937(s ) ,  
844(m), 769(s ) ,  737(s ) ,  729(s ) ,  725(s ) ,  715 
( s ) ,  6 96 (s ) ,  683(m), 670(m), 440(w)

-  In the  sodium s a l t ,  v(CG)=1668, v-_„_(C05)=1609, 1588 and v (COp)= 
1393 cm-T. sym t:

-  In t h e  sodium s a l t ,  v(C0)=1674, and ^

-  In th e  Raman, Vggyjj,(Sn-C)=521 cm”\

-  In the  Raman, Vggyj^(Sn-C)=519 cm”\

-  In t h e  Raman, v (Sn-C)=589, v (Sn-C)=528 cm”\  These two bands
d b j r i l l  w j r i l l

are found a t  575 and 555 cm~  ̂ in t h e  in f ra red  of  a chloroform so lu t io n .
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TABLE 3 ,  c o n t ' d .

In hexachlorobutadiene,  th e  CO and COg bands a re  found a t  1680(m), 

1665(m), 1614(vs) c m ' \

-  In hexachlorobutadiene,  the  CO and COg bands a re  found a t  1680(m), 

1636(s) and 1615(vs) cm”\

^  Neat 1iquid.
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TABLE 4

COMPARISON OF THE CARBONYL STRETCHING FREQUENCIES OF THE 
2-BENZOYLBENZOATE ESTERS [Z-CgHgCfOlCgH^COgl^.nMRn

(n = 1 ,2 ;  M = C, S i ,  Ge, Sn, Pb) IN NUJOL

Este r v(CO) cm'1

^■^6^5^^®^^6^4^^2^^3 (n o rm a l - e s t e r ) - 1715, 1663

Z'CgHgCfOjCgH^COgCHg (p s e u d o -e s te r ) - 1765

2-CgHgC(0)CgH^C0gSi(CHg)2 1702, 1676

2-CgHgC(0)CgH^C02Ge(CgHg)g 1728, 1677

2“C6^5^^®^^6^4^^2^*^ ^^6^5^3 1648, 1594, 1576

2-CgH5C(0)CgH4C02Pb(CgH5)3 1669, 1660, 1631, 1614, 1589

CgHgCOClCgCl^C=0 1785^

^-CgHgCfOjCgHqCOglgSnfCHgig 1670, 1663, 1584, 1578 

1680 , -  16 6 5 , -  1614-

[2-CgHgC(0)CgH^C02]2Sn(CgHg)g 1677, 1598, 1581

1680 , -  1636 , -  1615^

-  Ref. 2. The band a t  1715 cm"^ was assigned to  the  e s t e r  f unc t ion ,  and 

th e  1663 cm“  ̂ band to  t h e  aromatic ketonic s t r e t c h .

-  Ref. 1 .

-  In hexachlorobutadiene.
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TABLE 5

TIN-119 NMR DATA FOR THE DI- AND TRIORGANOTIN(IV) 2-BENZOYLBENZOATES

Compound 6 pptiA

2-CgHgC(0)CgH^C02Sn(CH3)3 3 3 .8 -

2-CgHgC(0)CgH^C02Sn(C2Hg)3 125 .1-

3-CgHgC(0)CgH^C02Sn(n-C3Hy)3 125.5^

2-CgHgC(0)CgH^C02Sn(n-C^Hg)3 149.1^

2-CgHgC(0)CgH^C02Sn(ç-CgH^^>3 29 .8^

2-CgHgC(0)CgH^C02Sn(CgHg)3 -97 .8^

2-CgHgC(0)CgCl^C02Sn(CH3)3 27.7^

2-CgHgC(0)CgCl^C02Sn(CgHg)3 -215.0^

[2-CgHgC(0)CgH^C02]2Sn(CH3)2 -10 7 .7 -

[2"CgH5G(0)CgH^C02]2Sn(CgHg)2 -287 .4 -

- R e l a t i v e  to  te tramethyls tannane .  P os i t ive  values downfield.

-  In CDCI3 .

-  In CD3OD.
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TABLE 6

CARBON-13 NMR DATA FOR 2-BENZOYLBENZOIC AGIO AND 
SELECTED ORGANOTIN(IV) DERIVATIVES-

R = X = H

\ .I
/

0=0

196

R = (CHgjgSn; X = C l -  194

R = (c-CgH^^)3 Sn; X=H 197

R = (CgHgjgSn; X = Cl 191 

R = (CHglgSn; X = H 197

R = CH3 ; X = H; Y = 0 -

(pseudo- e s t e r )

CgHgCOClCgCl^C=0

0
I

-C=0

171

169

170 

168 

175 

168

162

C-Sn

-3

0

Ar-C-Ar
I
Y

109

99

In ppm te t r a m e th y l s i l a n e  in deute roch loroform-^^.

-  In d e u te rom e thano l -^ .



TABLE 7

MASS SPECTRAL DATA FOR THE TRIORGANOTIN(IV) 2-BENZOYLBENZOATES AT 70 eV-

R [CgHgCfOiCgH^COg
SnRgjt

[CgHsCtOlCgH,

COgSnRg]*
[C6"5C(0)C6"4
SnRg] Hjfn]

[ R j S n f [RgSn]* [RSn]^tSn]f

CH3 - 61.4 (100^) 69.9 (35.0^) 51.1 100^ 2 3 . 2 - 37.3

C2 "S - 100 68.4 96.8 - - 19.3 29.4

- 100 26.9 63.4 - - 17.9 30.7

H-C4 H9 - 100 20.1 60.8 - - 26.9 2 8 . 1 -

Ç-CgHii - 100 5 2 . 2 - 62.8 - - 7 . 7 -

62.6 100 5.1 - 19.4 21.1 7.7

-  Based upon masses ^H, and ^^°Sn. -  [CgHgCfOjCgH^SnHg]*.

— Recorded a t  12 eV.

-  Peaks over lapped.  

^  [HSn]+.

to
r\3
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CHAPTER 6

THE X-RAY CRYSTAL AND MOLECULAR STRUCTURE OF THE DIMERIC 1:1 

ADDUCT OF DIMETHYLTIN(IV) DICHLORIDE WITH DIPHENYLCYCLOPROPENONE 

[(CHg)2SnCl2 ' 0=CC2 (CgHg)g]g, a t  138+2K

(This s t r u c t u r e  was solved  in co l labora t ion  with P ro fe s so r  D. van der 

Helm and Drs. C.L. Barnes and M.S. Hossain. See P re face . )

In troduc tion

CyclopropenonesJ of  which to  da te  only the  diphenyl d e r iv a t iv e  

has been ex tens ive ly  s tud ied ,  a re  much more bas ic  than o th e r  ketones, 

even than o th e r  a - ,  g-unsa tu ra ted  ketones, owing to  th e  a v a i l a b i l i t y  of 

resonance forms which p lace negative charge on the  oxygen:

0‘

R

2
This gives r i s e  to  an enhanced dipole  moment (u = 5 . OSD vs .̂ 2.85D f o r  

ace tone^) ,  and the  formation o f  a s t a b l e  s o l id  monohydrate, mp 87.5° C,^ 

not genera l ly  formed by aromatic ketones. The molecular s t r u c t u r e  o f  the

135
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anhydrous s o l i d  Is known from X-ray s tud ie s^  and the gas-phase spec ie s

from microwave.^ Independent X-ray de termina tions  o f  the  s t r u c t u r e  of

the  hydrate show h a l f  the  molecules in the  c ry s ta l  hydrogen bonded to

one, and h a l f  to  two water  molecules,  but  d i sag ree  on the  d e t a i l s  o f
7 8the  r ing  dimensions.  ’ Another X-ray study o f  d i(4 -ch lorophenyl)cyc lo -

9 8propenone has been c r i t i c i z e d  as giving erroneous r e s u l t s .

I t  would be expected t h a t  the  c on t r ibu t ion  of  I I  would be succès-

s iv e ly  enhanced by hydrogen bonding o f  th e  carbonyl oxygen atom to one

and then two water  molecules.  S t ru c tu r e  ^  would a lso  be expected to

predominate in complexes with metal c e n t e r s  o f  which d e r iv a t iv e s  with

d iva len t  z i n c ,  c o b a l t ,  n i c k e l ,  copper, ruthenium, palladium and platinum

halides,^® rhodium(II I)  h a l i d e s , c o b a l t  and platinum carbonyls^^ and
12antimony pen tach lo r ide  a re  known. All a re  coordinated through oxygen 

from in f ra re d  evidence,  but no s t r u c t u r a l  da ta  have h i t h e r to  been 

a v a i l a b l e .

Mixing chloroform s o lu t io n s  o f  diphenylcyclopropenone and dimethyl-

t in ( IV )  d i c h lo r id e  y i e ld s  a 1:1 adduct ,  (CHg)2SnCl2' 0=CC2 (CgHg)2 , mp

111® C(d).^^ Lowering of  the  in f ra re d  band a t  1640 cm"  ̂ in th e  f r e e

l igand r e f l e c t s  bonding through th e  carbonyl,  and the NMR |^J(^^^Sn-C-

^H)| = 77.7 Hz in chloroform r e f l e c t s  th e  h igher  coordina tion  number pro-
13duced a t  th e  t i n  atom. The tin-119m Mossbauer parameters [isomer s h i f t

(IS) = 1.41;  quadrupole s p l i t t i n g  (QS) = 3.52 mm s"^] were in t e rp e te d  in

terms of  a f ive -c o o rd in a te d ,  t r ig o n a l  bipyramidal geometry a t  t i n  in

which the l igand  i s  a x i a l l y  pos i t ioned ,  oppos i te  one c h lo r in e ,  based upon
15

the  a d d i t i v i t y  o f  e l e c t r i c  f i e l d  g r ad ie n t s .

Aldehydes and ketones a re  gene ra l ly  weak donors toward t i n ,  and
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th e  i s o l a b l e  complexes usual ly  involve l igands  with the  capacity  fo r  

charge d i s p e r s a l .  Diorganotin(IV) d ih a l id e s  can form e i t h e r  1:1 or  

1:2 adducts  with donor molecules.  The choice depends upon the  in t e rp la y  

o f  a complex mix of  d iscernab le  f a c t o r s ,  i n t e r  a l i a , the  b a s i c i t y  o f  the  

coord ina t ing  atom o r  s t e r i c  e f f e c t s  which may o r i g i n a t e  on the  t i n  moiety 

or  the  donor molecule.  In th e  l a t t e r ,  whether the  donor atom i s  t e rm in a l 

ly - a t t a c h e d  as pa r t  o f  a pointed group,  as in the  carbonyl group o f  an 

aldehyde o r  ketone o r  in a \ = S ,  ^S=0, j P = 0  o r  ^IM) con ta in ing l igand 

is  apparen t ly  i m p o r t a n t , a s  i s  the  p o s s i b i l i t y  f o r  ch e la t io n .  The gen

e r a t i o n  o f  ion ic  charges or  s trong  d ipoles  in the  r e s u l t i n g  product must 

a l so  play a r o le .  Of course,  the  sto ich iometry  o f  the  r eac tan ts  and the  

cond i t ions  of  the  synthes is  wil l  have an in f luence ,  but i t  i s  s u rp r i s in g  

t h a t  th e  v a r i a t i o n  o f  these  parameters i s  not  more o f ten  determining.

Using c u r r e n t  knowledge i t  i s  not poss ib le  to  p r e d ic t  whether a 1:1 o r  

1:2 complex wil l  form under any given s e t  o f  circumstances.  Known ad

d u c t s ,  even d is regard ing  anc ien t  cl aims,  presen t  a confused p ic tu r e .  For 

example, t r iphenylphosphine oxide ,  a s t rong ly  b as ic ,  pointed l igand  forms

1:2 adducts  with d imethyl - ,  methyl phenyl - and d ibenzy lt in ( IV)  d i c h lo r id e ,
1 3

but  only a 1:1 complex with d iv in y l t i n ( IV )  d ic h lo r id e .  Both 1:1 and
17 1 R

1:2 adducts a re  i s o la t e d  with diphenylt in( IV) d ic h lo r id e .  ’ The p re 

sumably l e s s  bas ic ,  a l so  pointed l ig an d ,  diphenylcyclopropenone,  on th e  

o th e r  hand, forms a 1:1 adduct with divinyl  t i n ( IV)  d ic h lo r id e .^^  I t  i s  

cur ious  t h a t  th e  s t e r i c a l l y  undemanding pointed l igands  which should a l 

low complexation to  proceed to  t h e  1:2 products a re  the  ones which form 

th e  1:1 complexes ins tead .

One s t r u c t u r e  repor t  i s  a v a i l a b l e  f o r  a 1:1 complex o f  d imethyl t in
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(IV) d i c h l o r i d e a n d  the  l igand i s  described as being a t tached  through 

a CH=0 group. Although the  sa l icy la ldéhyde  donor i s  capable o f  che la 

t ion  through th e  phenolic OH, t h i s  group hydrogen bonds to  i t s  aldehydic 

oxygen neighbor.  The geometry about  the  t i n  cen te r  i s  in t e rp r e te d  as a 

badly d i s t o r t e d  t r igona l  bipyramid with the  l igand oxygen ax ia l  with one

o f  the  c h l o r i n e s ,  and th e  two methyl groups and second ch lo r in e  atom 
20

e q u a to r i a l .  In th e  1:1 adduct of  d imethylt in(IV) d i c h lo r id e  with

pyrid ine ^ -o x id e ,  in f r a re d  and Raman evidence was used to  suggest  an equa-
21 22t o r i a l - p o s i t i o n  f o r  the  l igand in a t r igona l  bipyramidal geometry. ’

The s t r u c t u r e  o f  the  1:1 adduct  of  diphenylcyclopropenone with

dim ethyl t in ( IV)  d ic h lo r id e  is  described in t h i s  chap te r .  A prel iminary
24r e p o r t ,  descr ib ing  i n t e r  a l i a  t h i s  r e s u l t  has been communicated.

Experimental Section 

Synthesis  o f  the  Dimethylt in(IV) Diehlori  d e -Di phenyl cyclopropenone Dimer, 

[(CHg)2SnCl2'0=CC2(CgHg)2]2

Diphenylcyclopropenone was synthesized by th e  method o f  Breslow 
25

and Posner. Concentration of  a chloroform s o lu t io n  o f  dimethyl t in(IV) 

d ic h lo r id e  (2.20 g, 0.01 mol) and diphenylcyclopropenone (4.12 g, 0.02 

mol) gave a white  p r e c i p i t a t e  which was r e c r y s t a l l i z e d  from chloroform 

to  g ive  t h e  1:1 adduct ,  mp 109-111° C, in 70% y i e l d .  S ing le  c r y s t a l s  o f  

the  compound which melted sharply  a t  111° C were obta ined  by slow evapora

t i o n  o f  a chloroform s o lu t io n .  Upon exposure to  a i r  f o r  a few h, how

ever ,  a white  powder formed on the  sur faces  o f  the  c r y s t a l s  which made 

them u n s u i t a b le  f o r  c o l l e c t i n g  da ta .  The compound i s  s o lu b le  in the  com

mon, dense organ ic  s o lv e n t s ,  and i t s  exac t  dens i ty ,  as a consequence, could
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not be determined.

Crystal  Data

Data were ob ta ined  a t  138+2K with an Enraf-Nonius CAD/4 automatic 

counter  d i f f rac tom e te r  c o n t ro l l e d  by a PDP-8/ e  computer and f i t t e d  with 

a low-temperature appara tus .  Crystal  data a re  l i s t e d  in Table 1.

Detai ls  of  the d i f f r a c to m e te r ,  and methods o f  data reduction  have
pc

been ou t l ined  p rev ious ly .  Spec i f ic  parameters p e r ta in in g  to  the  co l 

l e c t i o n  o f  t h i s  data s e t  a re  summarized in Table 2. The s t r u c t u r e  f a c 

t o r s  fo r  each r e f l e c t i o n  were assigned weights based upon counting s t a 

t i s t i c s . ^ ®

S t ru c tu re  Determination and Refinement 

Systematic absences gave two possib le  space groups,  C2/c^ and Cc, 

and s ince  a d i s t i n c t i o n  could be made from th e  Patt e rson  map, th e  s t r u c 

t u r e  was re f ined  in t h e  former. The pos i t ions  o f  the  t i n  and ch lorine 

atoms were determined from a three-dimensional  Pat ter son  map. S t ruc tu re  

f a c to r s  ca lcu la ted  with  Sn and Cl parameters gave an JR f a c t o r  = 

zl lkF^I - |F^1l /E jkFpl) which was re f ined  to 0.260 and a d i f f e re n c e  Fourier  

map was then c a l c u la te d .  From th e  d i f fe rence  map, a l l  non-hydrogen atoms 

were loca ted .  These atoms were re f ined  i s o t r o p i c a l l y  and then an iso t rop-

i c a l l y  to  an R f a c t o r  o f  0.0351 fo r  4251 r e f l e c t i o n s  by using a block-
27diagonal l e a s t - sq u a re s  program. A d i f fe rence  Four ier  map ca lcu la ted  

a t  t h i s  s tage revealed a l l  hydrogen p os i t ions .  Hydrogen atoms were ref ined  

i s o t r o p i c a l l y .  The e f f e c t  o f  anomalous d ispers ion  by the  t i n  and ch lorine  

atoms was included in F^ by using A f  and A f "  from r e f .  28. Refinement
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was discont inued when the  maximum parameter  s h i f t  f o r  a l l  the  atoms was 

le s s  than one-s ix th  of  the  corresponding standard d e v ia t io n .  The f ina l  

R f a c t o r  i s  0.0296 f o r  the  4251 r e f l e c t i o n s  t h a t  were included in the 

le a s t - s q u a re s  c a l c u l a t io n s  and i s  0.0391 f o r  a l l  4890 r e f l e c t i o n s .  The 

f ina l  d i f f e re n c e  Four ier  map was e s s e n t i a l l y  f e a t u r e l e s s  except  around
o o

the  t i n  atom where peak he ights  up to  1.3 e A” s t i l l  p e r s i s t e d .  These 

res idual  peaks a re  a sc r ibed  to  r i p p l e s  o r ig i n a t i n g  from the  t i n  atom.

The s c a t t e r in g  f a c t o r s  used were fo r  neu t ra l  atoms and were taken 

from r e f s .  28 (Sn, Cl ,  0,  and C) and 27 (H).

Final atomic parameters ( p o s i t io n a l  and thermal)  a r e  given in 

Tables 3 and 4 ,  r e s p e c t iv e l y ,  and f i n a l  in te ra tom ic  d i s ta n ces  and angles 

a re  given in  Tables 5 and 6 , r e s p e c t iv e ly .  Hydrogen parameters a re  g iv 

en in Table 7,  and carbon and hydrogen d i s tances  and angles a re  l i s t e d  

in Table 8 . The asymmetric u n i t  (with atom numbering scheme) i s  shown 

in Figure 1,  and the  arrangement o f  molecules with in  the  u n i t  c e l l  in 

Figure 2. The equat ions o f  the  l e a s t  squares planes and the  dev ia t ions  

from these  planes a re  l i s t e d  in Table 9.

Descr ip t ion and Discussion of  th e  S t ruc tu re  

The 1:1 na ture  o f  the  complex i s  confirmed in the  s t r u c t u r e  de

pic ted in Figure 1,  but  th e  adduct molecules a re  seen to  form a dimer 

through in termolecu la r  ch lo r ine  b r idg ing .  At the  c e n te r  o f  the  dimer 

i s  an almost planar  SngClg r ing  formed by longer  [ d ( S n - C l ( l ' ) )  = 

3 .5607(7) ] ,  and s h o r t e r  [d (Sn-C l( l ) )  = 2.4745(7) A] t i n - c h l o r i n e  bonds. 

The s h o r t e s t  connection i s  made to  a terminal  ch lo r in e  atom [d(Sn-Cl(2))  

2.3713(6) A] which l i e s  roughly t r a n s -  to  the  ch lo r in e  atom [ C l ( l ' ) ]



141

bridging from the  second molecule a t  166 .10(2)°.  The angle  made by the 

methyl groups i s  opened to  142 .2(1)° ,  but the  l a r g e s t  angle a t  t i n  is  

formed by th e  C l ( l ) -S n -0  system a t  172 .32(5)°.  Each monomeric u n i t  i s  

r e l a t e d  to  i t s  o th e r  h a l f  by a two-fold a x i s .  The angles a t  the t i n s  

a re  acu te [77 .26(2)°]  in the SrigClg r i n g ,  while the  angles a t  the c h lo r 

ines  a re  open [102 .71(2 )° ] .  The e n t i r e  diphenylcyclopropenone system 

i s  almost f l a t ,  and space i s  f i l l e d  by packing th e  complexes in p a r a l l e l  

planes with t i n  atoms on the  same s ide  in each l a y e r  as shown in Figure 

2. This d i r e c t i o n  i s  reversed in a l t e r n a t e  l a y e r s .  Such packing al lows 

the  t i n  atom to  adopt the  conventional  octahedral  geometry fo r  s ix -co o r 

d ina t ion  with the  carbonyl oxygen t r a n s -  to  one ch lo r ine  atom.

For the  cyclopropenone system s u f f i c i e n t  s t r u c t u ra l  da ta  a re  now 

a v a i l a b l e  to  measure the  onset  o f  the  e f f e c t  o f  the  u t i l i z a t i o n  of  the 

carbonyl oxygen atom lone p a i r s  o f  e l e c t ro n s  on the  C=0 d is ta n ce  and the  

r ing  dimensions.  The four  poin ts  of  comparison a re  the  anhydrous d i 

phenyl cycl opropenone, the  two d i f f e r e n t l y  hydrogen-bonded molecules in 

i t s  monohydrate which are  bound by one and two w a te rs ,  and the t i t l e  o r -  

ganotin complex. The s t r u c t u r a l  da ta  should r e f l e c t  a change from form 

I to  form H  with involvement o f  the  oxygen lone pa i r s  in donation,  e s 

p e c i a l l y  a lengthening o f  the  carbonyl C=0 and r ing  C=C d is tances  and 

a shor ten ing  o f  the r ing  C-C d i s t a n c e ;  i . e . ,  t h e  r ing  should take on a 

more symmetrical form. The s a l i e n t  l igand  parameters  f o r  the  family of  

known s t r u c t u r e s  a re  l i s t e d  in Table 10.

Insepction  o f  these  data revea ls  a t rend  in the  i n t r a r i n g  and C=0 

d is tances  on involvement of  the oxygen in hydrogen bonding and dona

t i o n .  The anhydrous f r e e  l igand shows gene ra l ly  the  s h o r t e s t  double
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bond d(C=0) and d(C=C) d i s tances  and the  longes t  s in g le  bond d(C-C),^ 

with a l l  t h r e e  d is tances  in the  gas-phase parent  cyclopropenone somewhat
g

smal ler .  The carbonyl d(C=0) gene ra l ly  inc reases  on forming one and 

then two hydrogen bonds with the t i n  complex resembling the doubly hydro- 

gen-bonded molecule in the  hydrate .  Likewise,  the  d(C=C) d is tance  in 

creases  in length  genera l ly  in progress ing to  the  t i n  complex, while the 

average d(C-C) d i s tance  decreases .  Attempts a t  exac t  comparison are 

confused by the  disagreement between the  two X-ray s t ru c tu re s  fo r  the  

monohydrate-, f o r  example, the  da ta  in r e f .  8 do not  show the changes in 

the expected d i r e c t i o n  in going from the  s ing ly  to  the  doubly hydrogen- 

bonded molecules observed in  r e f .  7. However, i t  i s  apparent t h a t  com

plexa tion to  t i n  works the  l a r g e s t  lengthening e f f e c t  on the carbonyl 

and r ing  double bonds and in symmetrizing the  r ing  shape.  The d i f 

ference  between th e  s in g le -  and double-bond d i s ta n ces  in the r ing ,  6 

[d(C-C) -  d(C=C)], decreases from 0.068 in the  f r e e  l igand to 0.024 A 

in the t i n  complex, and the  i n t r a r i n g  angle <C-C(0)-C increases  from 

56.9° to  58.9 (2 ) ° .  The s l i g h t  shor ten ing o f  the  connections to  the 

phenyl groups i s  a l so  in the  d i r e c t i o n  expected from a la rg e r  con t r ibu 

t ion  o f  form

The i n t r a r i n g  in t e rn u c le a r  d is tances  would not  be expected to  be

p rec i se ly  equal ,  even in the  ideal  s t r u c t u r e  because of  the bas ic

asymmetry o f  the  r in g .  In a d d i t i o n ,  the  4(0-0)^^  in t r iphenylcyc lopro-  
37 “penium pe rch lo ra te  of  1.373 A, c i t e d  f req u en t ly  as the  standard length 

of  a completely de loca l ized  cyclopropenium connection,^ i s  not very d i f -
O

fe re n t  from the  1.392 A average o f  th e  th r e e  i n t r a r i n g  carbon-carbon d i s 

tances in the t i n  complex. I t  i s  thus l i k e l y  on t h i s  evidence t h a t  the
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l igand trapped as the  t i n  adduct i s  close  to t h a t  represen ted  by s t r u c 

tu re  al though something of  th e  s h o r te r ,  it ch a ra c te r  i s  r e ta in ed  in
O

the  C(4)-C(5) d i s t a n c e  [1.376(3) A], and the angles a t  the se  carbon atoms 

are  a l so  r e l a t i v e l y  more open [60.7(2)  and 6 0 ,4 (2 ) ° ,  re spec t ive ly ]  com

pared with th e  angle a t  C(3) [ 5 8 .9 (2 ) ° ] .

The magnitude o f  th e  0 -»■ Sn d is tance  i s  another  t e s t  o f  whether 

s t r u c tu re  ^  has been trapped in the  t i t l e  complex, s ince  t h i s  l inkage  

should be expected to  be more e s t e r - l i k e  in t h e  C-O-Sn l inkage  from form 

^  than in th e  donor C=0 -»■ Sn l inkage  from form J[. The former d(Sn-O) 

should be the  s h o r t e r  o f  the  two. There are ten s t r u c t u re s  known in

which carbonyl groups a re  l inked  to  t i n ( IV ) ,  s ix  inorganic and four  o r -
19ganot in,  of  which e i g h t  a re  p a r t  o f  chelated systems.  Seven d i f f e r e n t  

l igand systems have been s tu d ie d ,  the  j i -benzoyl, phenyl-0-hydroxyl-

amino-^®’^® oxa la to -*^ ,  acac [ 1 ,3-diphenyl propane-1 ,3 -d ionato-(d ibenzoyl -  

methano-),^^ and 2 ,4 -pen taned iona to -^^] ,  a ce to a c e t i c  ethyl  e s t e r , t r i -  

phenylphosphoranylideneacetono-^^, salicylaldéhyde^® and tropo lona to - .*^  

The l a s t  named l igand i s  r e l a t e d  to  the cyclopropenone system in the 

a b i l i t y  o f  i t s  r ing system t o  de loca l i ze  p o s i t iv e  charge,  bu t  only the 

t r i s - i n o r g a n i c  complexes have been studied in which the  t i n  atom i s  seven- 

coord ina ted .*^  The f i r s t  named®®*®® and the (CgHg)gP-CH-&Hg** l igands  

al so  enjoy enhanced b a s i c i t y  because o f  the lone p a i r  of  e l ec t ro n s  on the 

atom a-  to  th e  carbonyl group,  but  the former forms che la te s  as do the
41 42 40

acac,  3- k e t o e s t e r  and oxala to  d e r iv a t iv e s .  Selected  da ta  fo r  these  

systems are l i s t e d  in Table 11.

The most d i r e c t  a v a i l a b l e  comparison to  the complex i s  the  1:1 

adduct o f  dimethyl t in( IV) d i c h lo r id e  with sa l icy la ldéhyde ,  whose s t r u c 
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t u r e  should be r e in t e r p r e t e d .  The l igand does not che la te  the t i n  atom 

but i s  ins tead  bonded intermo le c u la r l y  as well through a bridging phenol

ic  oxygen atom r a t h e r  than through ch lo r ine  as in the t i t l e  compound.

The aldehydic donor oxygen in  t h i s  l igand i s  a l so  engaged in hydrogen 

bonding with i t s  o r th o - phenolic neighbor,  and i s  thus t r i f u r c a t e d l y  co

ord ina ted .  Examination o f  th e  u n i t  c e l l  r evea ls  a c lose  con tac t  a t  
0

3.366 A to  the phenolic oxygen (a lso  thus t r i f u r c a t e d )  of  an ad jacent  
46molecule.  The system i s  thus  b e t t e r  described as an a ssoc ia ted  s o l id  

of  s ix -coord ina ted  t i n  moiet ies .

The data in Table 11 al low systematics  to  be der ived in  which the 

longest  C=0 d is tances  a re  found contiguous to  the  s h o r t e s t  0 + Sn d i s t a n 

ces and vice  v e r s a , as in the  d ich lo ro t in ( IV )  d e r iv a t iv e s  of  the g-keto-
O AO

e s t e r  where the keto d(C=0) = 1.322 i s  paired with a d(O^Sn) = 2.066 A,

or with acac where the  d(C=0) = 1.290 i s  paired with a d(0+Sn) = 2.051 A,*^

or with N;-benzoyl-N-phenyl-0-hydroxylamine where the d(C=0) = 1.30 is
° TQ 47

paired with a d(0+Sn) = 2.180 A. ’ These examples a re  undoubtedly 

c l o s e s t  to  the e s t e r  system C-O-Sn. The dimethyl t in(IV) d ic h lo r id e  s a l i -  

cyclaldehyde complex with the  s h o r t e s t  d i s tance  d(C=0) = 1.23 and the
o 2 0

longest  d is tance  d(0+Sn) = 2.680 A, on the  o the r  hand, rep resen t s  the 

s i t u a t i o n  c l o s e s t  to  the carbonyl donor system C=0 -»• Sn c u r r e n t ly  a v a i l 

able from s t r u c t u ra l  s tu d ie s .  In t h i s  log ic  the  diphenylcyclopropenone 

l igand in the  t i n  complex with  d(C=0) = 1.239(3) and d(0+Sn) = 2.380(2) A 

behaves very much as a conventional  carbonyl donor system of  s t r u c t u r e  I ,  

and not  as the e s t e r  system expected form s t r u c t u r e

In the  s t r u c t u r e  the  carbonyl group vec tor  makes a C=0-»-Sn angle of  

132.7(2)° a t  oxygen, while the  corresponding angle in the sa l i cy la ldéhyde
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analogue i s  134(1)° .*^  The only o th e r  non-chelated  example fo r  compari

son i s  the  phosphoranylacetone complex with t r im e th y l t i n ( IV )  ch loride
44

fo r  which the  angle i s  134.3°. Thus the  h yb r id iza t ion  a t  the  oxygen 

atom may be descr ibed  as somewhat opened (more s^^harac te r )  from ^  (two 

lone p a i r s  plus the  C-0 bonding p a i r )  with the  t h i r d  lone p a i r  in a £-  

o r b i t a l  a v a i l a b l e  fo r  i r - in te rac t ion  with the  aromatic system o f  the cyclo-  

propenone r ing  as in canonical  form I f  t h i s  n - i n t e r a c t i o n  were impor

t a n t ,  then the  planes of  the  C=D+Sn system and the  l igand r ing  should be 

co inc iden t  s ince  the  e l ec t ron -dona t ing ,  lone p a i r  o r b i t a l  would l i e  in 

the l igand r ing  plane.  The angle between th e se  planes i s  only 11.7(2)° 

in the  t i t l e  complex, and t h i s  r e s u l t  could be in t e r p r e t e d  in terms of  a 

donor carbonyl u n i t .  Forcing the two planes in to  exac t  coincidence would 

maximize the  s t e r i c  in t e r f e re n c e  of  one of  the  l igand phenyl r ings  a t t a c h 

ments which are  a l so  in the  l igand r ing  plane (see below) with the  other  

su b s t i t u e n t s  on the  t i n  atom. As i t  i s  th e  o r t h o - hydrogen on one of  the 

phenyl r ings  makes a s ho r t  con tac t  with the  bridging ch lo r in e  atom (see 

below).

The d i s t o r t i o n  from per fec t  octahedra l  geometry a t  t i n  i s  seen in

the  t r a n s - angle made by the  Cl-Sn-0 atoms [172.32(5)°]  ( ^ .  177.44° fo r

the  sa l i cy la ldéhyde  s truc tu re^^*^^) .  The d i s t o r t i o n  can a l s o  be seen

in the  <C-Sn-C in the  t r a n s - dimethyl t i n  system [142 .2 (1 )° ]  ( ^ .  131.4°

in the  sa l i cy la ldéhyde  complex^®’^®). The angle  in s o l id  dimethyl t in(IV)

d ic h lo r id e  i t s e l f  of  124° i s  a t t r i b u t e d  to  weak a s s o c ia t io n  in t h i s  
48phase. In a l l  t h r e e  dimethyl t in(IV)  d i c h lo r id e  analogues a bridging 

atom o f  an ad jacen t  molecule binds a t  a po in t  between the two carbon-t in  

v e c to r s ,  enhancing the  opening of  the ang les .  Some in c i p i e n t  angle opening
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der ives  from th e  unequal d i s t r i b u t i o n  o f  ^ - c h a r a c t e r  in the  g i r d l e  o f  the

molecule with the  t i n  atom exer t ing  a bonding o r b i t a l  with much more £-

cha rac te r  toward th e  more e l ec t ronega t ive  ch lo r ine  atoms, leaving  the

methyl groups held by o r b i t a l s  with r e l a t i v e l y  high s - o r b i t a l  hydbr id iza-
0

t i o n ,  with th e  concomitant angle opening. The t i n  atom l i e s  0.0266 A 

out  o f  the plane formed by i t s  two methyl groups,  i t s  terminal ly-bonded 

c h lo r ine  [Cl(2) ]  and th e  ch lo r ine  atom bridged to  i t  [ 0 1 ( 1 ' ) ] ,  in the 

d i r e c t io n  o f  the  Sn-C l( l )  vec to r .  The s h o r t e s t  bond i s  made to  the  t e r 

minal ch lor ine  [d(Sn-Cl(2))  = 2.3713(6)] and the  next  s h o r t e s t  to  the
O

ch lo rine  atom which b r idges  [d(Sn-Cl(1)) = 2.4745 A]. The c h lo r in e  atoms 

in the  sa l icy la ldéhyde  analogue which do not  engage in  br idging a re  found 

a t  2.347 and 2.403

The c e n t ra l  SngClg r ing  i s  bent through th e  to r s io n a l  angles 

S n -C l ( l ) -S n ' -C l ( 1 ' )  and Cl(1 )-Sn-Cl( 1 ' )-Sn'  which a re  c o in c id e n t a l l y  iden

t i c a l  a t  2 .2 5 (3 )“ . The dihedra l  angle between the  planes def ined by the 

Sn-Cl( l) -Sn '  and S n - C l ( l ' ) - S n '  atoms i s  3 .0 1 (2 )“ and t h a t  between C l ( l ) -  

S n -C l ( l ' )  and Cl( 1 ) -Sn-Cl( 1 ' )  i s  2.44“ . This gives a r ing  in which the  

i n t e r i o r  d i s ta nces  a re  d (S n - - -Sn ' )  = 4.7623(2) and d ( C l ( l ) — C l ( l ' ) )  = 

3.8621(10) A. The sum o f  the  i n t e r i o r  angles i s  359.94“ .

The bridging  c h l o r i n e ,  C l ( l ' ) ,  makes a s h o r t  in t r a -d im e r  con tac t  

with an o r th o -carbon o f  one o f  the l igand phenyls and i t s  a t tached  hydro-
O

gen, d[Cl(1 ' ) — H(7)] = 2 .79(3) A. Another c lo se  con tac t  occurs between 

t h i s  ch lo r ine  and a hydrogen on one of  the  methyl groups, d [ C l ( l ' ) - —

H(l) ]  = 2.93(3) A.

The l igand i s  r e l a t i v e l y  f l a t ,  occupying the  l e a s t  square planes 

l i s t e d  in Table 9. The phenyl r ings are  t i l t e d  a t  2 . 5 “ and 8 . 4 “ from the
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plane o f  the  cyclopropenone.

The 1:1 adduct o f  dimethyl t in(IV) d ic h lo r ide  with 2 ,6 -d imethy l -

pyrid ine  (2 , 6- l u t i d i n e )  ^ -ox ide  al so  forms dimers in t h e  s o l id  through
49bridging c h lo r in e  atoms.

Summary

Dimethylt in(IV) d ichloride-d iphenylcyclopropenone,  Cg^H^gCl^OgSng, 

forms c o l o r l e s s  c r y s t a l s ,  mp 111° C, in the monoclinic space group C2/c  

with a = 17.049(16) A, b = 10.027(10) A, c = 19.834(16) A, g = 96 .00(6)° ,  

V̂ = 3372 A^, Z = 4 ,  = 1.678 g cm"^. The s t r u c t u r e  was determined

by the  heavy atom method from 4890 r e f l e c t i o n s  measured a t  138+2K on an 

Enraf-Nonius CAD/4 automatic d i f f rac tom ete r  using z i r c o n iu m - f i l t e r e d ,  

monochromatic Mo Ka r a d i a t i o n  to  a f in a l  R value of  0.0296 f o r  the  4251 

r e f l e c t i o n s  included in the  le a s t - sq u a re s  sums. The dimeric molecule 

conta ins  s ix -coord ina ted  t i n  with the  oxygen atom o f  th e  l igand  and one 

ch lo r ine  atom in a t r a n s - p o s i t i o n  making a C l( l ) -Sn-0  angle  o f  172.32(5)° .  

The angle made by the  methyl groups is  opened to  142 .2(1)° ,  and the  

octahedron i s  completed by a roughly t r a n s - Cl(2) -Sn-Cl( 1 ' )  angle o f  

166.10(2)°.  The SngClg r ing  i s  formed by bonded [d (S n-C l( l ) )  = 2.4745(7)]  

and bridging [ d ( S n - C l ( l ' ) )  = 3.5607(7) A] connections.  The t i n  atom l i e s
o

0.0266(2) A above th e  plane formed by the  carbons o f  i t  two methyl groups, 

i t s  terminally-bonded ch lo r ine  [Cl(2)]  and the  ch lo r ine  atom bridged to 

i t  [ C l ( l ' ) ] ,  in the  d i r e c t i o n  o f  the C l ( l )  atom. The s h o r t e s t  bond i s  

made to the  terminal  ch lo r in e  [d(Sn-Cl(2))  = 2.3713(6) A]. The d is tances  

in the  Srr-0=C system [2.380(2) and 1.239(3) A], r e s p e c t iv e l y ,  r e f l e c t  a 

normal carbonyl u n i t ,  but the  i n t r a - r ing  d i s ta nces ,  d(C=C) and d(C-C)



148

0

[1.376(3) and 1 .397(3) ,  1.402(3) A, r e s p e c t iv e ly ]  and C-C-C angle 

[5 8 .9 (2 )° ]  r e f l e c t  a more de loca l ized  s i t u a t i o n  than in the f r e e  d i 

phenyl cyclopropenone.  The l igand system i s  r e l a t i v e l y  f l a t  with the 

phenyl r ings  t i l t e d  out o f  the plane o f  th e  cyclopropenone system by 2.5° 

and 8 .4 ° .  The angle formed by th e  l igand oxygen and th ree  carbon r ing 

and the  plane con ta in ing the  C=(KSn system i s  11 .7 (2 )° .  The SngClg r ing  

is  almost  f l a t ,  being bent through dihedral  angles o f  2 .25(3)° .  The sum 

o f  the  in te rna l  angles i s  359.94°,  with acu te  angles a t  the  t i n  atoms 

77.26(2) and open angles a t  the  ch lo r ines  102.72(2).  Each monomeric u n i t  

i s  r e l a t e d  to  i t s  o the r  ha l f  by a two-fold ax is .
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TABLE 1

CRYSTAL DATA FOR [(CH2)2SnCl2'0=CC2(CgHg)2]2

formula 034^320^ 02 '̂ :̂

fw 831.84

crys system monoclinic
0

a_, A 17.049(16)
0

b, A 10.027(10)
0

c , A 19.834(16)

g, deg- 96.00(6)
° 3  

V, r 3372

space group C2/c^

Z 4

F(OOO) 1680

p (c a l c d ) ,  gm cm' 1.678
-1p, cm 18.34

dimens of  data c r y s t a l , mm 0.18 X 0.33 X

Tmax/Tmin 0-72/0.41
-  From +29 values o f  r e f l e c t i o n s  with the  use of  Mo Kâ  ̂ r a d i a t i o n  (x ■ 

0.70926 A).

-  Based upon systematic absences: ĥ  j( ji + j( = 2n + 1 ; j i 0  1_: i  

2n + 1
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TABLE 2

DATA COLLECTION PARAMETERS FOR [(CH3)2SnCl2*0=CC2(CgHg)2]2

d i f f r ac to m e te r

ra d ia t io n

temp, K

scan technique

2e l i m i t ,  deg

max scan t ime,  s

scan angle

aper tu re  width

aper tu re  he ig h t ,  mm

ape r tu re  d i s t ,  mm

monitor r e f l c t n

intens  monitor  s

max f l u c t u a t i o n  in monitor

o r i e n t a t i o n  monitors

no o f  unique data

no of  observed data

co r re c t io n s

Enraf-Nonius CAD/4 

MoK5 (x = 0.71069 A) 

138+2°

0 - 2 0

O<20<6O°

50

0.8 + 0.2 tan  0 

3.5 + 0.86 tan 0 

6

173

3

3

<3.0%

200 r e f l e c t i o n s -

4890

4251

Loren tz -po la r i za t ion  
anomalous d i spe rs ion

New o r i e n t a t i o n  matrix i f  angu lar  change >0.1°. O r ien ta t ion  matrix 
based upon 17 r e f l e c t i o n s .

-  I>2a(I)
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TABLE 3

FINAL POSITIONAL PARAMETERS FOR THE DIMETHYLTIN(IV) DICHLORIDE- 

DIPHENYLCYCLOPROPENONE DIMER (x 10* ) -

Atoms X y z

Sn 1351.3(1) 2113.5(2) 2294,6(1)

C l( l ) 100.9(4) 2160.7(8) 1539.3(4)

Cl (2) 2099.0(4) 1727.1(7) 1370.5(3)

0 2639(1) 2136(2) 2889(1 )

C(l) 1254(2) 213(3) 2742(2)

C(2) 1305(2) 4172(3) 2508(2)

C(3) 2916(1) 2673(2) 3424(1 )

C(4) 2849(1) 3336(2) 4035(1)

C{5) 3586(1 ) 3017(2) 3860(1)

C(6 ) 2369(1) 3916(2) 4521(1 )

C{7) 1550(1 ) 3854(3) 4388(1 )

C(8 ) 1071(1) 4425(3) 4834(1)

C(9) 1405(2) 5062(3) 5412(1)

C(10) 2218(2) 5113(3) 5553(1)

0 (11) 2703(1 ) 4549(3) 5112(1)

0 (12) 4429(1) 2961(2) 4003(1 )

0(13) 4870(2) 2434(3) 3508(1)

0(14) 5682(2) 2305(3) 3642(1 )

0(15) 6051 (1 ) 2677(3) 4271(2)

0(16) 5615(1) 3199(3) 4765(1 )

0(17) 4807(1) 3355(3) 4634(1)

-  Estimated s tandard  d e v ia t io n s  in paren theses .
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THERMAL PARAMETERS FOR THE DIMETHYLTIN(IV) DICHLORIDE-DIPHENYLCYCLOPROPENONE DIMER-

Atoms B,,xlo4 BggXl0 * B3 3 XI 0 B2 3 XI0 B] B^gXlO*

Sn 11.4(1) 42 .2(1) 8 .9 (1 ) 0 .4 (1 ) 2 .5 (1 ) 3 .4 (1 )
C1{1) 14.1(2) 102.9(9) 12 .9(2) 5 .2 (6 ) - 0 .8 (3 ) 8 . 2 ( 6 )
Cl (2) 15 .7(2) 65.7(6) 11 .9(1) - 2 .0 ( 5 ) 9 .0 (3 ) 2 .3 (6 )
0 16(1) 72(2) 15(1) -23(2) - 8 ( 1 ) 1 0 ( 2 )
C( l ) 19(1) 59(3) 19(1) 1 2 ( 2 ) 7(1) 5(2)
C(2) 25(1) 54(3) 16(1) 0 ( 2 ) 1 1 ( 1 ) 4(3)
C(3) 1 2 ( 1 ) 43(2) 14(1) - 6 ( 2 ) - 1 ( 1 ) 3(2)
C(4) 1 2 ( 1 ) 43(2) 1 1 ( 1 ) 2 ( 2 ) - 2 ( 1 ) - 2 ( 2 )
C(5) 13(1) 45(2) 1 1 ( 1 ) 2 ( 2 ) 1 ( 1 ) -3(2)
C( 6 ) 14(1) 37(2) 1 2 ( 1 ) 6 ( 2 ) 5(1) - 2 ( 2 )
C(7) 16(1) 50(2) 13(1) 3(2) 3(1) - 2 ( 2 )
C{8 ) 13(1) 64(3) 16(1) 1 0 ( 2 ) 8 ( 1 ) 4(2)
C(9) 2 1 ( 1 ) 54(3) 14(1) 1 0 ( 2 ) 13(1) 1 0 ( 2 )
C(10) 2 2 ( 1 ) 50(2) 13(1) - 1 ( 2 ) 5(1) -5(2)
C( l l ) 15(1) 47(2) 13(1) 2 ( 2 ) 3(1) -7(2)
C(12) 1 2 ( 1 ) 43(2) 11(1) 1 ( 2 ) 2 ( 1 ) -4(2)
C(13) 17(1) 55(2) 11(1) -4 (2) 3(1) -2(2)
0(14) 16(1) 56(3) 15(1) 1 ( 2 ) 8(1) 7(2)
0(15) 1 2 ( 1 ) 50(2) 17(1) 1 0 ( 2 ) 4(1) 0 ( 2 )
C(16) 14(1) 58(2) 1 2 ( 1 ) - 2 ( 2 ) -1(1) -9(2)
C(17) 15(1) 53(2) 1 0 ( 1 ) -3 (2) 2 ( 1 ) -7(2)

CJl
r o

— Estimated s tandard  d e v i a t i o n s  in paren theses .
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TABLE 5

INTRAMOLECULAR DISTANCES (IN A) IN [(CHg)2SnCl2'0=CC2(CgHg)2]2-

Sn - heteroatom d is tances

Sn - C l ( l )  2.4745(7)

Sn - Cl(2) 2.3713(6)

S n - C ( l )  2.116(3)

Sn - C(2) 2.111(3)

Sn - 0 2.380(2)

Sn - C l ( l ' )  3.5607(7)

C - C  d is tances  in the  cyclopropenone r ing 

C(3) - C(4) 1.397(3)

C(3) - C(5) 1.402(3)

C(4) -  C(5) 1.376(3)

Other d is ta nces

0 - C(3) 1.239(3)

C(4) -  C(6 ) 1.450(3)

C(5) -  C(12) 1.436(3)

-  Estimated standard dev ia t ions  in parentheses.
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TABLE 6

INTRAMOLECULAR ANGLES (DEG) IN [(CH2)2SnCl2'0=CC2(CgHg)2]2-

C l ( l )  -  Sn - 01(2) 91.94(2)

01(1) - Sn - 0 172.32(5)
01(1) - Sn - 0(1) 99.81(8)
01(1) - Sn - 0(2) 93.16(6)

01(2) -  Sn - 0 80.92(5)
01(2) - Sn - 0(1 ) 104.43(8)
01(2) - Sn - 0(2) 110.46(8)

0 -  Sn - 0(1) 84.82(9)

0 - Sn - 0(2) 86.75(9)

0(1) - Sn - 0(2) 142.2(1)
Sn - 0 -  0(3) 132.7(2)

0(4) - 0(3) - 0(5) 58.9(2)
0(3) - 0(4) -  0(5) 60.7(2)
0(3) - 0(5) - 0(4) 60.4(2)

O l ( l ' )  -  Sn - 01(1) ' 77.26(2)
0 1(1 ' )  - Sn - 01(2) 166.10(2)

01(1 ' )  - Sn -  0 110.23(5)

O l ( l ' )  - Sn - 0(1) 69.45(7)
0 1 ( 1 ' ) -  Sn -  0(2) 79.25(8)

Sn - 01 - Sn' 102.71(2)

- E s t i m a t e d  standard dév ia t ions  in paren theses .
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TABLE 7

HYDROGEN PARAMETERS FOR THE DIMETHYLTIN(IV) DICHLORIDE- 
DIPHENYLCYCLOPROPENONE DIMER -

Atom X X 10^ y X 10^ z X 10^ ®iso

H(l) 119(2) 36(3) 319(2) 3 .4(8)

H(2) 83(2) -13(4) 256(2) 5.4(10)

H(3) 169(2) -28(4) 270(2) 3 .8(8)

H(4) 85(2) 427(5) 268(2) 6.3(11)

H{5) 170(2) 438(4) 283(2) 5.0(9)

H(6 ) 130(2) 460(5) 212(2 ) 6 . 1(11)

H(7) 131(2) 336(3) 399(2) 2.3(6)

H(8 ) 51(2) 441(4) 471(2) 3.6(8)

H(9) 108(2) 545(3) 571(2) 3 .2(7)

H(10) 243(2) 556(3) 594(2) 3.0(7)

H(ll} 325(2) 460(3) 521(1) 1 .7(6)

H(12) 468(2) 216(3) 309(2) 2 .7(7)

H(13) 599(2) 198(2) 334(1 ) 1.1(5)

H(14) 660(2) 251(3) 440(2) 2.5(6)

H(15) 584(2) 344(3) 516(2) 2.3(6)

H(16) 449(2) 369(3) 497(1 ) 1.7(5)

- E s t i m a t e d  s tandard dev ia t ions  in paren theses .
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TABLE 8

CARBON AND HYDROGEN DISTANCES (IN A) AND ANGLES (IN DEG) 
[(CH3)2SnCl2'0=CC2(CgHg)2]2S.

C - C  d is tances  in th e  phenyl r ings

C(6)-C(7) 1.395(3

C(7)-C(8) 1.388(4
C(8)-C(9) 1.382(4

C(9)-C(10) 1.386(4

C(10)-C( l l )  1.386(4
C ( l l ) -C ( 6) 1.401(3

C(12)-C(13) 1.402(3
C(13)-C(14) 1.389(4
C(14)-C(15) 1.389(4

C(15)-C(16) 1.393(4

C(16)-C(17) 1.384(3
C(17)-C(12) 1.402(3

C - C  angles in the  phenyl r ings

C( ll ) -C(6)-C(7)  119.3(2

C(6)-C(7)-C(8) 120.4(2
C(7)-C(8)-C(9) 120.0(2
C(8)-C(9)-C(10) 120.1(2
C(9)-C(10)-C(l l )  120.5(2

C(10)-C(l l )-C(6) 119.7(2

C(17)-C(12)-C(13) 120.1(2

C(12)-C(13)-C(14) 119.9(2

C(13)-C(14)-C(15) 119.7(2
C(14)-C(15)-C(16) 120.6(2

C(15)-C(16)-C(17) 120.3(2

C(16)-C(17)-C(12) 119.5(2
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TABLE 8 ,  c o n t ' d .

Hydrogen d is tances
C(l)-H(l 0.92(3
C(l)-H(2 0.85(4

C(l)-H(3 0.90(3

C(2)-H(4 0.89(4
C(2)-H(5 0.91(4
C(2)-H(6 0.88(4

C(7)-H(7 0.98(3
C(8 )-H(8 0.96(3

C(9)-H(9 0.94(3

C(10)-H( 0 ) 0.93(3

C(ll )-H( 1) 0.94(3

C(13)-H{ 2 ) 0.90(3

C(14)-H( 3) 0.90(3

C(15)-H( 4) 0.96(3

C(16)-H( 5) 0.87(3

C(17)-H( 6 ) 0.96(3

- E s t i m a t e d  standard dev ia t ions  in parentheses .



TABLE 9

LEAST SQUARES PLANES IN DIMETHYLTIN(IV) DICHLORIDE-DIPHENYLCYCLOPROPENONE 
Orthonormal Equation:  m^x + + m^z + d = 0

Plane Through Atoms mi mg 5 d Plane
P

Dihedral Angle 
Between Planes

[P, P ' ]

R.M.S.
o f  atoms 
Defining 
PI ane

Cl (2 ) ,  C l ( l ' ) ,  0 (1 ) .  0(2) -0.7739 -0.0408 -0.6320 4.6102 1^ 0.3054
Sn. S n ' .  01(1) .  O l ( l ' ) - 0.0000 - 1.0000 0.0000 -2.1427 2 8 7 .66°[1 .2 ] 0.0237

C(3) ,  0 (4 ) ,  0 (5 ) ,  0 0.0420 0.8770 -0.4786 0.4488 3 76.46° [1 ,3 ] 0.0033
0 ( 6 ) ,  0 (7 ) ,  0(8)  
0 (9 ) ,  0 (10) ,  0(11)

0.0095 0.8642 -0.5031 0.8730 4 2 .4 5 °[3 .4 ] 0.0043

0 (12) .  0 (13) .  0(14) 
0 (15) ,  0 (16) .  0(17)

0.1275 0.9212 -0.3675 -1.0681 5 8 .4 3 ° [3 .5 ] 0.0056

0 ( 3 ) .  0 (4 ) .  0 ( 5 ) .  0(6)  
0 (7 ) ,  0 (8 ) ,  0 (9 ) ,  0(10) 

0 (11) .  0 (12) .  0(13) 
0 (14) .  0 (15) .  0(16) 
0 (17) .  0

0.0797 0.8884 -0.4522 0.0583 6 79 .18°[1 ,6 ] 0.0854

Sn. 0.  0(1) 0.3648 -0.4250 -0.8285 3.6353 0
Sn, 0.  0(2) 0.3890 0.2029 -0.8986 2.5520 b 0
Sn. 0,  0(3) 0.2259 0.8122 -0.5379 0.0798 0

Ü1
00



TABLE 9 ,  c o n t ' d .

-  Dis tance o f  t h e  t i n  atom from t h i s  p lane i s  0.0266(2) A in t h e  d i r e c t i o n  o f  t h e  S n -C l ( l )  vec to r .

— The 0-C(3) v ec to r  makes an ang le  o f  79.46° with  t h e  Sn-C(l)  v e c to r  and 42.60° with  th e  Sn-C(2) vec
t o r  when viewed along t h e  Sn-0 a x i s .

cn



TABLE 10

COMPARISON MOLECULAR STRUCTURE DATA FOR CYCLOPROPENONES

Compound d(C=0),A d(C=C),A d(C -C )a , . ,A  ' ' < W 5 > a v .  A[d(C-C)-d|C.C|] .A

(CH3)2C=0, m A  

0
edb

1.212
1 . 2 1 1

1.191

1 .519

1 .517

1 .475

116.2

64 .6 g

A . ed^
e d -
mw^

1 .28

1.304

1 .300

1 .52

1.519

1 .515

4 9 .9

1
a.

0 .24

0 .215

0 .215

, mvA 1 .212  1 .302 1.412 5 4 .9 1 0.110

, X - r a y i ’-  1 .225  1 .348

^6^5 CgHg

1 .416  1 .447 56 .9 0 .068



TABLE 1 0 ,  c o n t ' d .

Compound d(C=0),A d(C=C),A d(C-C)^„ ,A d(C-CgHg)gy^ 0 A[d(C-C)-d{C=C)],Â 
A <C-C-C,deq.

0 , X - ray - ’-  1.30  1.48  1.42 1.37 62.2

£-ClH^C“ CgH4Cl-£

S

, X -ray-  1.630 1.338

^6^5 CgHg

1.403 1.440 57.0

0.06

0.065 <y»

A r a y - ’-  1.238 1.365 1.405 1.439 58.1
C M . -------- C.Hr X-ray^ 1.222 1.356 1.409 1.451 57.5

6 5 6 5

0.040
0.053

HnO-.. .--HoO 
^ o ’ ^

, X - ray - ’^  1.245 1.376

CgHg CgHg X -ray-  1.230 1.352

1.389
1.410

1.441
1.454

59.4
57.5

0.013
0.058



TABLE 1 0 ,  c o n t ' d .

Compound d(C=D),A d(C=C),A d(C-C)au ,A d(C;CgH5)gy,  0 A[d(C-C)-d(C=C)],Â 
A <C-C-C,deq.

Me,

o - i î

A , X - r a y -  1 .239(3)  1.376(3)

— Reference

— Not given 
two o th e r

— Reference

1.400(3)  1.443(3) 58.9(2) 0.024

— Reference 30. k

— Reference 31. 1

— Reference 32. m

-  Reference 33.

— Reference 34. n̂

— Reference 35. 0^

^  Not given.

6 .

in  r e f .  6 ; c a l c u l a t e d  assuming th e  
i n t e r i o r  angles  a r e  equal .

5.

[H. Shimanouchi, p r i v a t e  communication, 

Reference 9.

s io n s .

— Reference 36.

formula u n i t s  per  asymmetric u n i t ,  one hydrogen 
bonded to  one water  molecule ,  whose dimensions 
a r e  l i s t e d  here .

^  Reference 7.

^  There a r e  two c r y s t a l l o g r a p h i c a l l y  independent 
formula u n i t s  per  asymmetric u n i t ,  one hydrogen 
bonded to  two water  molecules.

CT»
ro
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— Reference 8 .

— This work.

CO
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TABLE 11

COMPARISON MOLECULAR STRUCTURE DATA FOR SYSTEMS CONTAINING 
CARBONYL OXYGEN TO TIN(IV) COORDINATION

Compound d(C=0->-Sn) ,A <C=0+Sn,deg.

(CgH5)3Sn( l ,3 -diphenylpropane- 1.290 2.094 135.3

1 , 3 - d i o n a to ) - 1.260 2.276 132.1

Cl2Sn(2,4-pen tanedionato)2- 1.290 2.051 124.5

1.275 2.064 125.0

ClgSnfethyl 3-oxobutanato)2- 1.322 2.066 126.5

1.293 2.101 123.1

(CgHr jsSn (l^-benzoyl -N-phenyl - 1.265 2.308 112.1

0-hydroxylaminato)-

C1gSn(^-benzoyl-^-phenyl-0- 1.30 2.180 111

hydroxylaminatolg-

Sn(CyHg02)3Cl"CHCl3^ 1.290& 2.1033- 117.6 3-

1.284^ 2.1563- 116.5 3-

Sn(CyHg02)30H- 1.2993- 2 . 1# 118.6 3.

1.271^ 2.1833- 117.2 3.

(CHglgSnCl•tr iphenylphosphoranyl- 1.268 2.332 134.3

ideneacetone-

(CHg)2SnCl2 ■s a l i  cy1aldehyde- 1.23 2.680 134Î

[(CH3)2SnCl2-0=CC2(CgHg)2]2- 1.239(3)2.380(2) 132.7(2)

-  Reference 38. 3 - Averaged f o r  t h e  th ree  l igands  in t

-  Reference 42. molecule.

-  Reference 43. -  Reference 44.

-  Reference 20. 
^  Reference 46.
b

-  Reference 38.

-  Reference 39.
-  Reference 45. -  This work.



FIGURE 1

THE ASYMMETRIC UNIT OF [(CH2)2SnCl2'0=CC2(CgHg)2]2 SHOWING THE ATOM NUMBERING

'  w

15

cn
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FIGURE 2

THE UNIT CELL CONTENTS OF [(CH2)2SnCl2'0=CC2(CgHg)2]2
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CHAPTER 7

THE X-RAY CRYSTAL AND MOLECULAR STRUCTURE OF THE DIMERIC 1:1 ADDUCT OF 

DIMETHYLTIN(IV) DICHLORIDE WITH 2 ,6-DIMETHYLPYRIDINE ( 2 ,5-LUTIDINE) 

N-OXIDE, [(CHg)2SnCl2'2,6-(CHg)2CgHgN0]2, AT 138+2K 

(This s t r u c t u r e  was solved  in co l labora t ion  with P ro fe s so r  D. van der 

Helm and Dr. C.L. Bames.  See Preface. )

In troduc tion

Diorganotin(IV) d ih a l id e s ,  and more p a r t i c u l a r l y  dimethyl t in(IV) 

d i c h lo r id e ,  form the  well-known 1:2 adducts  with Lewis bases.^ However, 

with c e r t a i n  pointed l igands  in which the  donor atom c a r r i e s  only one

attachment (unbranched) in a \ = 0 , ^  ^ C=S,^ \ = 0 , ® ’® or-P=0®
9 f  f  /  t  /

system, 1:1 adducts  with dimethyl t in(IV)  d ic h lo r id e  a r e  al so  known. The
12

d e t a i l e d  molecular  s t r u c t u r e  data a re  l a rg e ly  lack ing ,  but th e  forma

t i o n  o f  the  1:1 systems i s  curious s ince  the  pointed l igands  should be 

l e s s ,  not more s t e r i c a l l y  demanding and al low the  syntheses o f  th e  com

plexes to  proceed to  the  1:2 formations without d i f f i c u l t y .  I t  must be

remembered t h a t  dimethyl t in ( IV )  d ic h lo r id e  i t s e l f  forms an a ssoc ia ted
13s o l id  through double,  unsymmetrical c h l o r i n e - t i n  b r idges ,  and ch lo r ine  

bridging may help complete the t i n  coordinat ion  sphere in these  systems.  

Disregarding anc ien t  claims,  examples o f  the se  1:1 adducts number fewer 

than t h i r t y  spec ies  and inc lude as l igands  several  d ia lky lsu l fox ides ,^"®

171



172

2 6 8 
DMF, ’ hexamethylphosphoramide, | [ ,N-dimethylpicolinamide,  -nicotinamide,

- ison ico tinamide  and t h e i r  th io  d e r iv a t iv e s , ^  s a l i cy la ldéhyde ,^^  d i 

phenyl cyclopropenone^^’^^ and v a r io u s ly - s u b s t i tu te d  pyr id ine  ^-ox

i d e s . I n  c e r t a i n  cases both 1:1 and 1:2 complexes o f  dimethyl t in  

(IV) d ic h lo r id e  with t h e  same l igand have been i s o l a t e d ,  f o r  example,

with methyl benzyl s u l fo x id e ,^  te t ram ethy lu rea ,^  3 , 5-dimethylpyrazole ,^^
3] i ,^-dimethyln ico tinamide,  - isonicotinam ide and - th ion ico t inam ide  and

pyrid ine ^ -o x id e^ ’^ ^ ’^® The b a s ic i ty  of  the  donor atom, the  a c i d i t y  of

the  t i n  atom, s t e r i c  e f f e c t s  o r ig in a t in g  on the  t i n  o r  donor moiet ies  and

the c rea t ion  o f  s trong  d ipo les  o r  ionic charges in the  r e s u l t i n g  adducts
24must play a r o l e  in t h e  choice o f  the  s t r u c t u r e  o f  the  product .  Sur

p r i s in g ly ,  n e i t h e r  th e  s toich iometry  o f  th e  r e a c ta n t s  nor the  reac t ion  

condi t ions  appear to e x e r t  much in fluence.

Until r e c e n t ly  only  one published s t r u c t u r e  r e p o r t  was a v a i lab le

for  a 1:1 adduct  o f  a diorganotin(IV) d i h a l id e ,  t h a t  o f  the  dimethy lt in
26

(IV) d ic h lo r id e  complex o f  sa l icy la ldéhyde ,  a p o t e n t i a l l y  che la t ing  

donor. However, th e  phenolic OH group o f  t h i s  l igand in t ramolecu la r ly  

hydrogen bonds to  the  ad jacen t  aldehydic oxygen held a t  the  o r th o -p o s i 

t ion  r a th e r  than c h e l a t e  the  t i n  atom. The aldehydic oxygen i s  at tached 

to the t i n  atom through an angle of  174.7° with one o f  th e  t i n - c h l o r i n e  

vec to rs ,  and 79.9° with  the  o the r .  The methyl- t in-methyl  angle i s  opened 

to  131.4°.  The phenolic oxygen makes a sho r t  in te rmolecu la r  contac t  to
O

the t i n  atom o f  an ad jacen t  molecule in the  c e l l  o f  3.36 A and a t  an
2 7

angle o f  163.1° to  one o f  the  c h l o r i n e - t i n  vectors  and 68.4° to  the  o the r .  

The s t r u c t u r e  i s  d esc r ibed ,  however, as a t r igona l  bipyramid with the two 

methyl groups and one c h lo r ine  atom equa tor ia l  with the  aldehydic oxygen
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26
of  the  l igand and th e  second chlor ine  atom a x i a l .

The 1:1 adduct  of  dimethylt in(IV) d i c h lo r id e  with diphenylcyclo-
28propenone, whose c ry s ta l  s t r u c tu re  has been so lved ,  can also  be de

scr ibed as a t r i g o n a l  bipyramid with a x i a l - l i g a n d  and ch lor ine  a t t a c h 

ments, but here aga in ,  th e re  is  a sho r t  in te rmolecu la r  con tac t ,  t h i s
O

time with th e  a x i a l - c h l o r i n e  atom o f  an ad jacen t  molecule of  3.561 A.

This at tachment i s  made along an equa to r ia l  c h l o r i n e - t i n  vec to r  a t  an 

angle o f  166. 1°.2%

Data from tin-119m Mossbauer quadrupole s p l i t t i n g s  (QS) can po

t e n t i a l l y  throw l i g h t  upon the  quest ion of  which i s  the  co r rec t  coordina

t ion  number o f  t h e  t i n  atom in the  1:1 complexes. In general QS values

fo r  d iorganotin(IV) systems increase with in c reas ing  carbon-t in-carbon  
29

angle.  For oc tahedra l  systems of  th e  formula • 2̂̂ '^̂ n*‘4 -n ’ ® t rea tm en t

can be appl ied  based upon a point -charge model in which the  QS values

can be used to p r e d i c t  these  angles a t  t in ,^® and exce l le n t  r e s u l t s  have

been obta ined  f o r  the  d i m e t h y l a n d  diphenylt in( IV)^®’^^ d e r iv a t iv e s
12where s t r u c t u r a l  da ta  a re  ava i lab le .  An analogous a d d i t i v i t y  model f o r

f ive-coord ina ted  d io rganot in  compounds has a l s o  been proposed. According 

to the  l a t t e r  t r ea tm en t ,  a system o f  the  type (CHg)2SnXg_^L^ should ex

h ib i t  a QS o f  3.00^^ - 3.25^® mm s " \  The QS o f  the  1:1 complex of  d i -  

methylt in(IV) d ic h lo r id e  with sa l icy la ldéhyde  has a QS = 3 .33 ,^^ ’ ^® and 

of  diphenylcyclopropenone 3.52 mm s ”\ ^ ®  Using these  values in the  t r e a t 

ment mentioned above f o r  s ix -coord ina tion  y i e l d s  pred ic t ions  o f  methyl -
,o27tin-methyl angles o f  137.2° and 143.1°,  r e s p e c t iv e l y ,  vs.  131.4° and 

142. 2°28 a c t u a l l y  found.

However, in t h i s  t rea tment th e  magnitude of  the QS i s  assumed to
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a r i s e  only as a r e s u l t  o f  the  na ture  o f  th e  two organic at tachments and 

th e  angle they make with the  t i n  atom. Neither  the na tu re  o f  the  l igands  

nor t h e i r  number i s  assumed to  make any d i f f e re n ce  in the e l e c t r i c  f i e l d  

g rad ie n t  a t  t i n .  Hence, the  magnitude o f  the  QS in t h i s  t rea tment can

not be used to  d i s t i n g u i s h  between f iv e -  and s ix - c c o rd in a t io n ,  s ince  i t  

is  assumed t h a t ,  f o r  example, t r a n s - 0  ̂ and a x i a l - t r i g o n a l  bipyramidal 

geometries (180°) would give r i s e  to th e  same values,  as would c i s - 0^ and 

a x i a l - ,  e q u a t o r i a l - t r i g o n a l  bipyramidal geometries (90°) .  I t  i s  also  

t r u e ,  however, t h a t  while the  t r a n s - RpSnL^ geometry i s  ubiqui tous fo r  

s ix -coord ina ted  complexes, the  analogous axial-RgSnLg i s  r a r e  f o r  the  

f ive -coo rd ina ted  complexes which p re fe r  th e  equa lly  ubiqui tous a x i a l -  

m os t -e lec t ronega t ive  geometry with e q u a to r ia l -o rg a n ic  groups. Thus < 's 

C-Sn-C above 120° (QS > 2.5 mm s~^) a re  l i k e l y  to  correspond to  s ix -  

coord ina t ion ,  as do those  in the  1:1 adducts  o f  d imethy lt in(IV) d i c h lo r 

ide with s a l i c y l a l d e h y d e ^ a n d  dipheny lcyclopropenoneJ^

The 1:1 complex o f  dimethyl t in(IV) d i c h lo r id e  with pyr id ine P[-oxide 

is  sa id  t o  adopt a t r ig o n a l  bipyramidal s t r u c t u r e  in which the  l igand 

binds e q u a t o r i a l l y  with the  two methyl groups on th e  bas is  o f  in f ra red  

and Raman evidence.® However, th e  QS value i s  3.97 mm s"^ ® f o r  a p re 

d ic ted  angle o f  162.0° using the  po in t -charge  model. The 1:2 complex 

ex h ib i t s  a QS o f  4 .02 mm s ’ \ ®  and th e  s t r u c t u r e  shows th e  t i n  atom l o c a t 

ed on a c r y s t a l l o g r a p h i c  cen te r  o f  symmetry to  give the  <C-Sn-C = 180°.^^ 

The a v a i l a b i l i t y  o f  t h i s  s t r u c t u r e  r e p o r t  prompted t h i s  s t r u c t u r a l  s tudy 

of  t h e  p o t e n t i a l l y  s ix -coord ina ted  d io rganot in (IV )  d ih a l id es  to  the  p y r i 

dine ^ -ox ide  s e r i e s .  The s te r ica l ly -c row ded  2,6-dimethyl pyr idine (2,6-  

l u t i d i n e )  ^ -ox ide  l igand  was chosen to  t e s t  th e  e f f e c t  o f  the  possibly
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severe  nonbonded repu ls ions  a r i s i n g  from the  2 , 6- s u b s t i t u e n t s  on th e  

formation o f  a genuinely f ive-coord ina ted  1:1 adduct .

Experimental Section 

Synthesis  o f  Dimethyl t i n  (IV) Di c h lo r id e -2 ,6-Dimethyl pyr id ine ^-Oxide

Dimethylt in(IV) d ic h lo r id e  was a g i f t  from M & T Chemicals. 2,6-  

Dimethyl pyr id ine  N-oxide (Aldrich Chemicals) was used without  f u r t h e r  

p u r i f i c a t i o n .  Concent rat ion of  a chloroform so lu t ion  o f  d imethyl t in (IV) 

d i c h lo r id e  (2.20 g, 0.01 mol) and 2,6-dimethyl py r id ine  JN-oxide (1.23 g,  

0.01 mol) gave a cream-colored s o l id  which was r e c r y s t a l l i z e d  twice from 

chloroform to  y i e l d  a white  product .  Single c r y s t a l s  o f  the  adduct 

which melt  sharp ly  a t  147° C were obtained by slow evaporat ion of  a 

chloroform s o lu t io n  o f  the  adduct .  Dimethylt in(IV) d ic h lo r id e  2 ,6-  

dimethyl pyr id ine  N^oxide i s  s t a b l e  in a i r .  I t s  Sn-119 NMR chemical s h i f t  

is  -13.24 ppm r e l a t i v e  to  t e t r a m e th y l t in .

Crystal  Data

Data were obta ined  on an Enraf-Nonius CAD/4 automatic counter  d i f 

f rac tometer  a t  138+2K c o n t ro l l e d  by a PDP-8/ e  computer and f i t t e d  with 

a low-temperature ap p a ra tu s .  Crystal  data are l i s t e d  in Table 1.

Deta i l s  o f  the  experimental  appara tus ,  and methods o f  da ta  reduc-
35t io n  have been o u t l i n e d  p rev ious ly .  Speci f ic  parameters r e l a t i n g  to 

th e  c o l l e c t i o n  o f  t h i s  da ta  s e t  a re  l i s t e d  in Table 2. The s t r u c t u r e

fa c to r s  f o r  each r e f l e c t i o n  were assigned weights based upon counting
OC

s t a t i s t i c s .  No absorp tion  co r rec t ion  was appl ied .  The minimum and 

maximum transm iss ion  f a c t o r s  a re  0.37 and 0 .72 ,  r e s p e c t iv e ly .
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Struc tu re  and Refinement

Systematic absences gave two poss ib le  space groups, Cc and £2 /^ .

The p o s i t ion  o f  th e  t i n  atom was found on so lv ing  the  Pat te rson  map. The

averaged,  normalized s t r u c t u re  f a c t o r ,  E, suggested th a t  the  space group

could be noncentrosymmetric.  The s t r u c t u r e  f a c t o r s  ca lcu la ted  assuming

a noncentrosymmetric space group gave an ^  f a c t o r  (]R = s |  |kF | - | F  | | / z0 c
[kFgl) o f  0.489 a f t e r  2 cycles o f  ref inement .  A d i f fe rence  Four ier  map 

was then c a l c u l a t e d .  From the  d i f f e r e n c e  map, a l l  the non-hydrogen atoms 

were lo c a ted .  Two molecules per  asymmetric u n i t  were found, and they were 

observed to  be approximately r e l a t e d  by a 2 - fo ld  ax is  of  r o t a t i o n .  The 

atoms were then re f ined  using th e  SHELX program in the C2/£ space group 

i s o t r o p i c a l ly .  When th e  R f a c t o r  was a minimum, a d i f fe rence  map was c a l 

cu la ted  from which th e  hydrogen p os i t ions  were located .  The hydrogens 

were then r e f in e d  i s o t r o p i c a l l y ,  whereas th e  o th e r  atoms were r e f ined  

a n i s o t r o p i c a l l y  to  a f ina l  R value o f  0.0364.

The s c a t t e r i n g  f ac to r s  used were f o r  neu t ra l  atoms and were taken 

from r e f .  37 (Sn,Cl,0 and C).

Final atomic parameters a re  given in Table 3 and f ina l  in t ramole

c u la r  d i s t a n c e s  and angles in Tables 4 and 5, r e spec t ive ly .  Least- 

squares planes are  given in Table 6 .

The asymmetric u n i t  showing th e  atomic numbering i s  depicted in 

Figure 1. Hydrogen atoms are numbered with  r e s p e c t  to the  carbon atom 

to  which they a re  at tached  (a l l  hydrogens a re  C-H), e . g . ,  H(C1). Where 

methyl carbons hold more than one hydrogen atom these  are labe led ,  e . g . ,  

as H(C1)A, H(C1)B, H(C1)C. The u n i t  c e l l  con ten ts  are shown in Figure 2. 

Figure 3 i s  a view o f  the  monomer u n i t  down th e  t r a n s - c h l o r i n e ( l ) - t i n -  

oxygen vec to r .
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Results

For the  adduct the  NMR t in -p ro to n  coupling co n s ta n t ,  l^J(^^^Sn-C- 

^H)l = 80.4 Hz as measured in deuteriochloroform.  The corresponding value 

in the  r e l a t e d  1:1 adduct with 2 , 4 , 6- t r i m e th y l p y r id ine N-oxide i s  r e p o r t 

ed as 80 Hz.^

The and (Sn-CHg) modes appear in  the  i n f r a r e d  spectrum 

a t  564(m) and 518(m), and in the Raman a t  572(w) and 514(s) c m " \  respec

t i v e l y .  In a d d i t i o n ,  bands a t  538(w) and 525(m) appear in th e  in f r a re d  

and Raman s p e c t r a ,  r e s p e c t iv e l y .  The corresponding vfSn-CHg) bands fo r  

the  1:1 adduct  with  py r id ine  ^-oxide are reported  a t  570 and 508 in the  

i n f r a re d  and a t  566 and 506 cm"^ in the Raman, r e s p e c t iv e l y .^  These bands 

a r e  found a t  566 and 512 cm'^ in  the  in f ra red  o f  the  1:1 adduct  with 2,

4 , 6- t r imethy l  py r id ine  ^ -ox ide .^  In the v(N-O) reg ion ,  bands a re  seen a t  

1212, 1197, 1172 compared with the  1246 cm"^ band in th e  f r e e  l igand .

The corresponding 1:1 complex with t i n ( I I )  ch lo r ide  has v(N-O) = 1181 cm"^ 
-1 22

( a v  = 65 cm" ) .  The more s t rong ly  Lewis a c id ic  t in ( IV )  d e r iv a t iv e  

should e x h ib i t  a l a r g e r  v(N-O) s h i f t ,  and hence the  v(N-O) mode in the 

adduct i s  assigned a t  1172 cm"^ (Av = 74 cm”^) on t h i s  b a s i s .

The Mossbauer spectrum i s  a wel1-separa ted  double t  with isomer 

s h i f t  (IS) o f  1.44jj3.03,  quadrupole s p l i t t i n g  (QS) of  3.80+0.06 [p=QS/ 

IS=2.64] and = 1.38 and Fg = 1.32+0.03 mm s " \  For the  corresponding 

1:1 pyrid ine  l^-oxide adduct ,  IS = 1.33 ,  QS = 3.97 mm s"^ [p = 2 .9 8 ] .^

Descr ip t ion  and Discussion of  the S t ruc tu re  

From Figure 1 i t  i s  seen t h a t  the  1:1 na tu re  o f  the  t i t l e  complex 

a r i s e s  because the  s i x t h  coordina tion  pos i t ion  a t  t i n  i s  taken up by a
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ch lo r ine  donor atom from a second molecule to form an unsymmetrical,  

double-bridged SngClg r ing  system whose dimensions inc lude a s h o r t  [Sn - 

C l ( l )  = 2.528(1) A] and a long [Sn -  Cl ( l ' )  = 3.399(1) A] t i n - c h l o r i n e  

d i s ta n ce .  One ch lo r ine  atom in each molecule i s  terminal a t  [Sn -  Cl(2) =
O

2.400(1) A]. The r e s u l t i n g  geometry about th e  t i n  atom i s  thus d i s t o r t e d  

octahedral  with t r a n s - dimethyl groups [<C(1) -  Sn - C(2) -  145 .3 (2 )° ] .

The bridging ch lo r ine  from the  second molecule approaches along the  Sn- 

01(2) vec to r  to  c r e a t e  a t r a n s - d ic h lo ro t in  system [<C1(1') -  Sn -  01(2) = 

168 .79(3)° ] .  The ch lo r ine  atom t r a n s -  to  the  IN-oxide l igand [<0 -  Sn - 

01(1) = 177.44(7)°]  forms the  bridge.  The p la nar  SngOlg r ing  i s  located  

on a c ry s ta l lo g ra p h ic  cen te r  o f  symmetry as seen in the  u n i t  c e l l  diagram 

shown in Figure 2. This dimer iza t ion went undetected in the  tin-119m 

Mossbauer spect roscopic study o f  the  r e l a t e d  pyr id ine  ti-oxide complex, 

where the  IS (1.33) and QS (3.97) a re  not  very d i f f e r e n t  from the  1:2 com

plex (1.35 and 4.02 mm s " \  re spec t ive ly ) .®  Other 1:1 complexes a re  al so  

repor ted  to e x h ib i t  l a rg e  QS's,®’®’^®’^® and a re  probably s ix -coord ina ted  

in the s o l id  through ch lo r ine  br idg ing .  The a b i l i t y  to  complete the  co

o rd ina t ion  sphere through ol igomeriza t ion  o r  polymeric a s s o c ia t io n  may 

l i e  a t  the  roo t  o f  why 1:1 complexes form a t  a l l ,  and may expla in  why they 

a re  found almost exc lusive ly^  with pointed \ = 0 ,  C=S, \ = 0 ,  ^N-*-0 or
^ f  /

-P=0 l igands .

Dimethylt in(IV) d ic h lo r ide  i t s e l f  forms an a ssoc ia ted  s o l id  in 

which the  d i s t o r t i o n  from te t r ah ed ra l  geometry i s  very severe .  The mole

c u l a r  u n i t s  a l ign  themselves so t h a t  double ch lo r ine  br idges  can form to
O

give Sn2Cl2 planes with t i n - c h l o r i n e  d i s ta nces  of  2.40 and 3.54 A and
13methyl groups p ro jec t ing  above and below (<C-Sn-C = 123.5°) .  A s im i la r
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arrangement i s  adopted by the two c e n t r a l ,  s ix -coord ina ted  d iphenylt in ( IV )
39d ic h lo r id e  molecules in  t h a t  t e t r a m e r ic  chain  s t r u c t u re  which conta ins

0

t i n - c h l o r i n e  d i s t a n c e s  o f  2.357 and 3.77 A, but  r a t h e r  closed  c a rbon - t in -
40carbon angles o f  125 .5°.  A more symmetrical polymer of  t h i s  type i s  

formed by the  d i f l u o r i d e  a n a l o g u e , ^ ^ a n d  t r im e th y l t in ( IV )  ch lo r id e  

a lso  c r y s t a l l i z e s  as an i n f i n i t e ,  ch lo r ine -b r idged  p o l y m e r . A  d i f f e r e n t  

arrangement in which both ch lo rine  atoms from one molecule c h e l a t e  the  

same t i n  atom o f  a neighboring molecule i s  found in the  b is (ch loromethyl )  

t in ( IV)  d ic h lo r id e  s t r u c t u r e .  The t i n - c h l o r i n e  d i s tances  here a re  2.37
o 39

and 3.71 A, and th e  ca rbon- t in -carbon ang le  i s  opened to  135°. In the

t i t l e  adduct th e re  i s  no p o s s i b i l i t y  f o r  f u r th e r  a s soc ia t ion  unless h ighe r

than s ix -coord ina t ion  i s  u t i l i z e d ,  and the  br idging mode chosen to  form

the  dimer most s t ro n g ly  resembles t h a t  found in d im ethy lt in( IV)  d ic h lo r id e
13

i t s e l f ,  except  t h a t  th e  d imethyl t in  angle i s  more open [123.5°

145 .3(2)° ] .  Comparison da ta  fo r  d imethy lt in( IV) d ic h lo r id e  and i t s  two 

pyrid ine N-oxide complexes are d isp layed in Table 7.

Close reexamination of  the  s t r u c t u r a l  da ta  f o r  the  r e l a t e d  1:1
26  27

complex of  sa l i cy la ldéhyde  ’ r evea l s  t h a t  the  sho r t  co n ta c t  between
O

the  phenolic oxygen o f  one molecule and th e  t i n  atom o f  the  next  (3.36 A)
27is  d i rec ted  along an Sn-Cl vec tor .  This i s  sugges t ive o f  an oc tahedral  

geometry a t  the  t i n  atom with one in t ram olecu la r  t r a n s - Cl-Sn-0 system 

formed with the  donor aldehydic oxygen and a second t r a n s - Cl-Sn-0 formed 

in te rmolecu la r ly  with the  phenolic oxygen atom o f  an ad jacen t  molecule.  

This phenol group a l s o  engages in in t e rn a l  hydrogen bonding with the 

o r th o -aldehyde,  c o n s i s t e n t  with in f ra re d  evidence.  The d im ethy l t in  angle  

i s  opened to  131.4° to  complete the  d i s t o r t e d  t r a n s - , t r a n s - , t r a n s -
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arrangement.

In th e  1:1 complex with diphenyl cyclopropenone,  the dimethyl t in

angle i s  opened even f a r t h e r  to  142.2°,  and the  n ea re s t  non-bonded ch lo r -
° 28 ine i s  found a t  3.561 A in a po s i t io n  sugges t ive  o f  coordina tion.

Observation o f  both and v„.^(Sn-C) modes in the  in f ra red  andasym sym
Raman spec tra  co r robora tes  th e  non - l inea r  d im ethy l t in  system found, and

30the  a p p l i c a t io n  o f  a t rea tment  based upon a po in t  charge model l inks  

the  observed Mossbauer QS value to  a p red ic ted  carbon- t in-carbon angle 

in octahedral  complexes. The r e s u l t s  o f  the  c a l c u l a t i o n ,  which i s  based 

upon th e  assumption t h a t  the  p a r t i a l  QS o f  th e  ch lo r in e  and l igand groups 

are  n e g l i g i b l e ,  a r e  l i s t e d  in Table 8 . Data f o r  the  1:1 complex of  py r i 

dine N-oxide^ a re  included on the  assumption t h a t  t h i s  complex will also  

be found to  be dimeric in the s o l id .

Thus th e  most d i r e c t  comparison with the  s t r u c t u r e  of  the  t i t l e  

compound i s  with the  oc tahedral  1:2 complex o f  dimethylt in(IV) d ich lo r ide  

with t h e  u n subs t i tu ted  pyr id ine  N - o x i d e . a n d  with i t s  f ive -coord ina ted ,

1:1 complex with t r iphenyl  t in ( IV )  n i t r a t e  which has been solved in  both
/I/I 45

i t s  mono- and t r i c l i n i c  modifications, but there are available pub

lished reports of the structures  of a wide variety of transi tion metal 

complexes of pyridine ^-oxide^^”^^ which encompass copper(II) 

z1nc(II),G2'64,67 n ic k e l ( I I ) ,68-70 cobalt(II),68»70-72 iron(II),63 p la t i -  

num(II)73 and mercurydl)^^’^^ t h r e e - , f o u r - , 53- 55 , 58 , 59 , 65 , 67 , 73  

f iv e -62»56 ,59 -61 ,65 ,71  s ix -c o o r d in a t io n 6 7 ’®2-4 ,68 ,69 ,72 ,75  peu-

t r a l^O-SZ,55-61,65,66,70,71 c a t i o n i c ^ ^ ' ^ ^ , 57,62-65,69-72,75 gpg^jes.

Data f o r  some t h i r t y  t r a n s i t i o n  metal complexes are av a i l a b l e ,  and these 

a re  l i s t e d  in Table 9. The s t r u c t u re s  o f  th e  parent  pyrid ine JN-oxide
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l igand a re  known in the  so l id^^  as well as the  gas phase (e lec t ron  d i f 

f r a c t i o n ) , ^ ^  along with those o f  th e  s o l id  4 -n i t ro - ,^®  4 , 4 - t r a n s - azo-^^
80and N^-oxyphenazine d e r iv a t iv e s .  In a d d i t io n ,  the  s t r u c tu re s  of  the

81 82 
hydrochloride,  the  hydrogen-bonded semi perch lo ra te  and t r i c h lo r o a c e -

83t i c  acid complexes a re  known. These da ta  a re  l i s t e d  in Table 10.

There a re  s t r u c t u r e s  which u t i l i z e  and 4-®®'®* methyl-(picol  in e ) ,

4-phenyl-,®® 2,6-dimethyl-( lut id ine) ,®®'®® 4-n i t ro - ,® ^  3-®® and 4-®®’®̂  

carboxyl a t e ,  4-methoxy-^® and 3,5-dibromo^^ s u b s t i tu e n ts  on the pyr id ine  

N-oxide l i gands .  Thus s u f f i c i e n t  s t r u c t u r a l  data a re  a v a i lab le  a t  t h i s  

time for  meaningful comparison, and to  reso lve  such ques t ions  as:

( i )  does the  l igand N-0 d is tance  lengthen on coordina tion to an accep tor  

atom?

( i i )  does e lec t ron  r e le a s in g  methyl 2- or  2 , 6 - s u b s t i t u t i o n  in p ico l ine  

and l u t i d i n e  l igands  weaken the  coo rd ina t ive  in te rac t ion?

( i i i )  what i s  the  na ture  of  th e  bond between the  oxygen atom and the  ac 

cep tor  in pyr id ine  ^ -oxide  complexes?

The e l e c t ro n ic  s i t u a t i o n  in th e  pyr id ine  N-oxide l igand can be 

represen ted as:

0-

II I I I

which are  said to  have equal weights/*® Canonical forms 1% should be 

favored by e lec t ron  withdrawing groups,  and the  sh o r te r  N-0 d is tance
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O yp
(1.260 A) in the  4 - n i t r o - d e r i v a t i v e  i s  usually  a t t r i b u t e d  to  the enhanced

84double-bond charac te r  o f  t h e  N-0 bond in t h i s  compound. Electron r e 

leas ing s u b s t i tu e n t s  such as methyl should,  on the  o th e r  hand, favor forms 

^  and I I I , which should be b e t t e r  donor l igands .  Coordination should 

lengthen th e  N-0 d i s t a n c e ,  but  th e  evidence,  taking  the  X-ray s t ru c tu re  

of  pyrid ine N^-oxide as th e  b a s i s ,  i s  very mixed. This a r i s e s  in par t  from 

the f a c t  t h a t  th e  pyr id ine  li-oxide crys ta l  i t s e l f  con ta in s  two independent 

molecules whose N-0 d i s tances  (1.33 and 1.37 A) d i f f e r  by 0.04 A^^ and

encompass a la rge  p a r t  o f  the  range represented by th e  known data fo r  the 
47 49complexes. ’ In th e  s im ples t  systems, the formation o f  the  hydrochlor-

81 po
ide and the  strong hydrogen bond to t r i c h l o r o a c e t i c  ac id  produces N-0

0

dis tances  of  1.37 and 1.39 A, r e s p ec t iv e ly .  The d(N-O) da ta  fo r  the 

t r a n s i t i o n  metal complexes range from 1.26 fo r  one of  t h e  2-p ico l ine  

ligands in [(2-CHgPyN0)gCo]^^(C10^")2 to  1.362 A fo r  one o f  the pyNO 

ligands in [(pyN0)2Cu]^^(N02~)2*^^ Another p a r t i c u l a r l y  shor t  N-0 d i s 

tance i s  repor ted  f o r  the  mercury(II)  complex, 3,5-Br2PyN0*HgCl2
0 -7A

(1.27 A) in which th e  l igand c a r r i e s  two electron-withdrawing s u b s t i 

tuents  which apparently  enhance the  con t r ibu t ion  o f  canonical forms I I . 

However, in the  comparison among the  th re e  r e l a t e d  copper ( I I )  ch loride  

complexes (A-CHgpyNOjgCuClg,^^ [2,6-(Cll3)2PyN0]2CuCl2^^ and (4- 

N02PyN0 )2CuCl2 ' 2H2O,^^ the  l a s t  o f  which i s  s ix -coord ina ted  and oc tahedra l ,  

while the  f i r s t  two a re  four -coordinated  and t e t r a h e d r a l ,  the N-0 d i s 

tances a re  1.34,^® 1.31 and 1.36 (av. = 1.34)^® and 1.325 A,^? respec

t i v e ly .  Thus t h e  e l e c t ro n  r e le a s ing  and withdrawing s u b s t i tu e n t s  do not 

seem to  r e g i s t e r  any measurable e f f e c t  on d(N-O) in complexed pyridine 

N-oxides.
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I t  is  concluded t h a t  where data a re  a v a i l a b l e  f o r  comparison, the re  

is  no systematic  change to th e  expected longer N-0 d i s t a n c e s  on coordina

t i o n  o f  the  pyrid ine I^oxide l igands  to accep tors ,  nor do th e  data support 

a convincing shor tening  o r  lengthening of  d(N-O) on s u b s t i t u t i o n  by e l e c 

t ron  withdrawing and r e l e a s in g  l igands  on the  pyr id ine  r ing  in complexes. 

The observed changes in t h e  f requenc ies  of  bands ass igned  to  v(N-O) must 

a r i s e  from o th e r  o r i g i n s ,  such as th e  o r i e n t a t i o n  o f  t h e  pyr id ine  r ing

in the  m o l e c u l e , o r  th e  assigned bands must be h ighly  coupled to other
. 85modes.

In most examples th e  pyr id ine  N^-oxide l igand coord ina te s  with metal
2

atoms so as to  make an angle M-O-N o f  roughly 120°, sugges t ing ^  -hybr id 

iz a t io n  a t  the  oxygen atom (two lone pa irs  plus the  N-0 bond pa i r )  with 

the  t h i r d  lone pa i r  in a pure g - o r b i t a l  a v a i l a b l e  f o r  i r - in te rac t io n  with 

th e  aromatic system o f  t h e  pyr id ine  r ing  as in canonical forms 1%. I f  

t h i s  i r - in te rac t ion  were impor tant ,  then th e  planes o f  the  M-O-N and pyr i 

dine r ings  should be co in c id en t ,  but t h i s  i s  not t h e  case f o r  the  com-
81pi exes l i s t e d  in Table 9 ,  nor f o r  pyrid ine ii-oxide hydroch lo r ide ,  nor 

f o r  th e  s t r u c t u r e  of  t h e  t i t l e  compound where i t  i s  87 .17(6)° .  Thus a
3

de s c r ip t io n  based upon a d i s t o r t i o n  from ^  -h y b r id i z a t i o n  a t  oxygen 

(canonical forms 2  and I I I )  would appear to  be more v a l i d ,  with minimum 

c on t r ibu t ion  from form IX» and angular  coordina tion to  accepto r  atoms. 

Forcing the  M-O-N and pyr id ine  r in g  planes in to  coincidence would maxi

mize the  s t e r i c  i n t e r f e r e n c e  o f  th e  aromatic r ing  with  the  o th e r  l igands  

on the  metal atom, which i s  probably why i t  i s  not  chosen.  Deloca liza

t i o n  o f  the  second lone p a i r  a t  oxygen into the  aromatic r ing  (an a l t e r 

na t ive  way to  achieve canonical  forms XI) i s  probably not favored because
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of  th e  somewhat disadvantageous geometry o f  t h i s  o r b i t a l ,  i t s  high 2 - 

cha rac te r  and the  low energy o f  t h e  oxygen o r b i t a l s .  Lack o f  co n t r ib u 

t ion  from canonical  forms probably l i e s  a t  the  roo t  of  th e  absence 

of  N-0 bond lengthening on coord ina t ion  to  metal atoms, s ince  changes 

in t h i s  d i s tance  from forms 2  and 11% would be expected to  be minimal. 

Overlap of  the  second lone p a i r  o r b i t a l  with th e  accepto r  o r b i t a l  o f  

the metal atom i s  probably somewhat poor e n e r g e t i c a l l y  s ince  a plus 

charge on the  n i t rogen  ( in  canonical form Î ) would reduce e l e c t r o n  flow 

from oxygen. Both lone pa i r s  o f  e l ec t ro n s  on oxygen a r e  u t i l i z e d  in co

o rd ina t ion  in the  dimeric copper ( I I )  h a l id e  complexes [u-pyNOCuClglg,^^'^^ 

[u-pyN0(pyN0)CuBr2]2.^^ [p-4-phenylpyN0CuCl2]2»^^ [u-4-phenylpyN0CuCl2*

2H2Û]2^^ and (u -2-CH2pyN0 )2CUgClg'2H20^^ in which bridging oxygen atoms
50from th e  pyNO ligands  a re  found. The y-N-0 d is tances  a re  1.24 o r  

1.346,^^ 1.366 (average o f  two dimer m o l e c u l e s ) , 1.371,^^ 1.347^^ and
o 5 2

1.36 A, r e s p e c t iv e ly .  A p a r t i c u l a r l y  i n t e r e s t i n g  comparison is  a v a i l 

ab le  f o r  [(y-pyN0 )2CuBr2]2 in which both terminal  and br idging l igands
o 50

are  found a t  1.346 and 1.366 A, r e s p e c t iv e l y ,  which gives r i s e  to the
Rfi

observation of  two in f r a r e d  v(N-O) s t r e t c h i n g  f requenc ies .  The o r i e n 

t a t i o n  of  t h e  bridging pyr id ine  r ings  in th e  two dimers is  v i r t u a l l y  the 

same, but the  angle about th e  Cu-0 bond i s  m . 60° d i f f e r e n t  f o r  the  t e r 

minal l igands in the  two dimers. Unfortunate ly ,  the  angles between the  

planes made by the  Cu-O-N bonds and th e  pyr id ine  r ings  a re  not  l i s t e d .

Against t h i s  background th e  s t r u c t u r a l  data  f o r  the  t i t l e  complex 

can be b e t t e r  understood.  I t  i s  seldom t h a t  da ta  f o r  two such c lo se ly -  

r e l a t e d  m a te r i a l s  as th e  1:2 and 1:1 pyr id ine  N-oxide complexes of  d i -
i p

methylt in(IV) d ic h lo r id e  a re  a v a i l a b l e ,  and th e  s t r u c t u r e  of  the  parent
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dimethyl t in (IV)  d ic h lo r id e  which i s  somewhat as soc ia ted  in the  s o l id

s t a t e  to a very d i s t o r t e d  octahedral  geometry about t h e  cen t ra l  t i n  
13atom i s  a lso  known. In th e  comparison o f  the  data in  Table 7 i t  is

seen t h a t  t h e  bonds t h a t  the  t i n  atom forms to the  c h lo r in e  atoms and

methyl groups are  longer in the  more r eg u la r  coordina tion sphere o f  the

s ix -co o rd in a ted ,  l :2-complex in which th e  t i n  atom occupies a c r y s t a l l o -

graphic  cen te r  o f  symmetry giving r i s e  to  a p e r fec t  t r a n s - , t r a n s - ,

t r a n s - octahedron.  However, t h e  d i s ta n ce  to  the  oxygen atom of the  l igand

in th e  t i t l e  complex is  longer.  Thus, the  expected enhancement of  donor

bond s t r en g th  by the  e l e c t r o n - r e l e a s in g  methyl groups may, in t h i s  case,
24 25

as with th e  analogous complexes with t i n ( I I )  ch lo r id e ,  ’ be o f f s e t  by

s t e r i c  in t e r f e r e n c e  o f  these  2 ,6 - s u b s t i t u e n t s  with th e  t i n  at tachments,

giv ing a ne t  weakening of  t h e  t i n -1 igand  bond.

The octahedral  geometry about t h e  t i n  atoms in t h e  dimer i s  r a th e r

i r r e g u l a r .  While t h e  t r a n s -  bonds holding the  l igand  a re  almost l i n e a r

[<C1(1) - Sn - 0 = 1 7 7 .4 (1 ) ° ] ,  th e  d imethyl t in  system is  q u i t e  bent

[<C(1) - Sn - C(2) = 145 .3 (2 )° ] .  In t h e  1:1 complex with  salicylaldéhyde^®

in which con tac t  with a non-bonded phenolic oxygen atom o f  an adjacen t  
27molecule r a i s e s  t h e  coord ina tion  number a t  the  t i n  atom to  s ix ,  the  

d im ethyl t in( IV)  d ic h lo r id e  i t s e l f ,  t h i s  angle i s  123 .5°.^^  In the  s ix -  

coordina ted  1:1 complex with diphenylcyclopropenone,  t h i s  angle is

142.2°.28

Pai rs  o f  (CHg)2SnCl2" anions a l so  form dimeric u n i t s  through a x i a l -
0

c h lo r in e  br idging to  t i n  a t  d(Sn Cl) = 3.486 A in i t s  quinolinium
S7s a l t .  The unfavorable e l e c t r o s t a t i c  s i t u a t i o n  must be balanced by a 

c o u n te rv a i l in g  gain in overa l l  s t a b i l i t y  of  the  c r y s t a l .
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Viewing th e  molecule down the  t r a n s - ox.ygen- t in-chlorine(l  ) vec tor

as in Figure 3, t h e  0-N bond i s  seen to  l i e  w ith in  9.20° of  ec l ips ing

the  t i n - c a r b o n ( l )  bond, between i t  and the  second [C(2)]  methyl t i n  bond.

The pyr id ine  r ing  bends away from th e  plane formed by th e  two methyl

groups [C( l)  and C(2)] and th e  ch lo r ine  [Cl(2)]  and bridging  ch lor ine

[ 0 1 (1 ' ) ]  atoms, with the  Sn-O-N angle = 123.0(2)° .  I f  th e  plane o f  the

pyr id ine  r ing  were co inc iden t  with th e  plane formed by th e  Sn-O-N system,

then the  non-bonded d i s tance  to  the m e th y l - s u b s t i tu en t  on the pyr id ine

r in g ,  ( 0 ( 1 ) • • • 0 ( 8 ) ) ,  would be qu i te  c lo se .  To a l l e v i a t e  t h i s  s i t u a t i o n ,

the pyrid ine  r ing  i s  ro ta t e d  to  bring th e  s ide  o f  the  r ing  holding the

0(9) m e th y l - s u b s t i t u e n t  to  a pos i t ion  between th e  two methylt in  groups

so t h a t  t h e  two planes i n t e r s e c t  a t  87 .17(6)° .  The s h o r t e s t  non-bonded

contac t  d i s tances  adopted a r e  thus 0(1)^^^0(8) = 3.819 and 0(2 ) • • •0 (9 )  =
0

3.858 A. This conformation apparently  minimizes the  p o t e n t i a l l y  severe 

nonbonded in t e r a c t i o n s  with in  th e  1:1 complex. From inspec t ion  of  the  

u n i t  c e l l  diagram fo r  the  corresponding 1:2 c o m p l e x , i t  appears t h a t  

the  two t r a n s - pyrid ine  ^ -o x i de l igands al so  ta ke  pos i t ions  t h a t  nearly 

e c l ip s e  th e  t in-methyl  vec to rs .

The cen t r a l  SngOlg r ing  i s  f l a t  s ince  t h e  two halves of  the  asym

metric  u n i t  a re  r e l a t e d  by an inversion poin t  a t  the  cen te r  of the  r ing .  

The i n t e r i o r  angles and d is tances  a re  <Sn-Cl(1 )-Sn'  = 100.54(3) and

< 0 1 ( l ) -S n -0 1 ( l ' )  -  79 .46(3)° ,  and d(Sn Sn ' )  = 4 .5918(4 )  and d[01(l)^-

0 1 ( 1 ' ) ]  = 3.8468(13) A. The t i n  atom l i e s  0.03 A above the  plane formed 

by th e  two t r a n s - methyl groups [0(1) and 0 (2) ]  and th e  ch lo r ine  atoms 

[01(2) and 0 1 ( 1 ' ) ]  toward th e  oxygen atom.

In the  dimer, th e  bridging ch lo r ine  0 1 (1 ' )  makes a shor t  i n t r a -



187

dimer contac t  with a hydrogen on th e  t i n  methyl and with another hydrogen 

on the  pyrid ine methyl [ d ( C l ( l ' )  - H(C2)C) = 2 .78;  d ( C l ( l ' )  - H(C9)C) =
O

2,71 A], The non-bridging c h lo r in e ,  Cl(2 ) ,  makes a s h o r t  con tact  with 

a hydrogen on th e  methyl group o f  th e  l igand [d(Cl(2)  -  H(C8)B) =
O

2.99 A], The dimeric u n i t s  a re  densely packed in th e  l a t t i c e .  There 

are shor t  in terd im er  contac ts  a t  C l ( l )  - H(C6), C l ( l )  - H(C8)A and 

01(2) - H(C6) [2 .91,  2.88 and 2.96 A, r e s p e c t i v e l y . ] .

Summary

Dimethylt in(IV) d ic h lo r ide  2,6-dimethyl pyr id ine  N-oxide, C^gH^QCl^ 

NgOgSng, forms co lo r l e s s  c r y s t a l s ,  mp 147° C, in th e  monoclinic space 

group Ç2/C with ^  = 15.581(4) A, b = 12.781(4) A, c = 13.098(4) A and 

e = 102.26(3)°,  V = 2549 P ,  Z = 4,  = 1.787 g cm"^. The s t r u c t u r e

was determined by d i r e c t  methods from 1880 r e f l e c t i o n s  measured a t  

138+2K on an Enraf-Nonius CAD/4 d i f f rac tom e te r  using monochromatized Mo 

Ka-radiat ion,  and re f ined  to  a f in a l  ^  value o f  0.0364 f o r  the  1820 r e 

f l e c t i o n s  included in the le a s t - squa re s  sums. The dimeric molecule 

contains s ix -coo rd ina ted ,  octahedral  t i n  with th e  oxygen atom o f  the l i g 

and and one c h lo r in e  atom in a t r a n s - pos i t ion  making an 0-Sn-Cl angle of
O

177.44(7)°.  The t i n  atom l i e s  0.03 A above the plane formed by the two

t r a n s - methyl groups [C( l)  and C(2)] and the  ch lo r ine  atoms [Cl(2) and
0

Cl (1 ' ) ]  toward t h e  oxygen atom to  which i t  makes a bond o f  2.289(2) A.

The angle made by th e  methyl groups i s  145 .3(2)° .  The angle formed by 

the  Sn-O-N system and the  pyrid ine t^-oxide r ing  i s  87 .17(6)° .  One o f  the 

l igand methyl groups makes a s h o r t ,  non-bonded con tac t  to  one o f  the  t i n  

methyl groups. The cen te r  of  the  planar  SngClg r ing o f  th e  dimer i s  l o 
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cated on a c r i s t a l l o g r a p h i e  c e n t e r  o f  symmetry. The geometry o f  the  

octahedron a t  each t i n  atom i s  bes t  described as t r a n s - ,  t r a n s - ,  t r a n s - .
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TABLE 1

CRYSTAL DATA FOR DIMETHYLTIN(IV) DICHLORIDE-2 , 6-DIMETHYLPYRIDINE
N-OXIDE

formula 

fw
0

a , A

b , A 
0

c,  A 

B, deg-
oo

V, A-̂
b

space group- 

Z

F(000)

Pca lcd '  9 cm 
-1

y, cm

dimensions o f  da ta  c r y s t a l ,  mm

-3

685.66 

15.581 (4)

12.781(4)

13.098(4)

102.26(3)

2549

Ç2/C

4

1344

1.787

22.16

0.15 X 0.40 X 0.45

-  From +2e va lues  of  48 r e f l e c t i o n s  with the  use of  Mo Kâ  r a d i a t i o n  (x= 

0.70926 A).

-  Based upon systemat ic absences:  j l j i i :  ]i + j< = 2n + l ; h . ^ l :  1  = 

2n + 1.
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TABLE 2

DATA COLLECTION PARAMETERS FOR DIMETHYLTIN(IV) DICHLORIDE-
2 , 6-DIMETHYLPYRIDINE N-OXIDE

d i f f r a c to m e te r  

r a d ia t io n  

temp, K 

scan technique 

2e l i m i t ,  deg 

max scan t ime,  s 

scan angle 

ape r tu re  width 

ap e r tu re  h iegh t ,  mm 

ap e r tu r e  d i s t a n c e ,  mm 

i n t e n s i t y  monitors 

max f lu c t u a t i o n  

o r i e n t a t i o n  mon i to rs -  

no. of  unique data 

no. o f  observed da ta— 

co r re c t io n s

-  New o r i e n t a t i o n  matrix  i f  angu lar  change >0.1 
based upon 24 r e f l e c t i o n s .

-  I> 2a ( I ) .

Enraf-Nonius CAD/4 

Mo Kâ  (X = 0.70296 A) 

138+2 

8-26 

0<2e<47 

60

0.9  + 0.2tane 

3.5  + 0.86tane 

6

173

3

<3.0%

3

1880

1820

L oren tz -po la r iza t ion

Orienta t ion  matrix
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TABLE 3

ATOMIC COORDINATES FOR DIMETHYLTIN(IV) DICHLORIDE'

2 , 6-DIMETHYLPYRIDINE N-OXIDE- (x 10*)

Atom x/a y/b 2 / C

Sn 667.3(2) 1539.1(2) 632.6(2)

C l( l ) -916.5(6) 949.1(8) 173.0(8)

Cl (2) 191.6(6) 3237.5(8) 1065.9(8)

0 2080(2) 2147(2) 1061(2)

N 2702(2) 1719(2) 1825(3)

C(l) 976(3) 584(4) 1975(4)

C(2) 792(4) 1726(4) -932(3)

C{3) 3190(2) 910(3) 1575(3)

C(4) 3815(3) 478(3) 2352(4)

C(5) 3970(3) 863(3) 3354(4)

C{6) 3473(3) 1707(3) 3577(4)

C(7) 2828(3) 2136(3) 2796(3)

C(8) 2279(3) 3036(4) 2969(4)

C(9) 3012(3) 552(3) 459(3)

-  Estimated standard dev ia t ions  are in parentheses.
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TABLE 4

INTRAMOLECULAR DISTANCES (IN A) IN DIMETHYLTIN(IV) DICHLORIDE'
2 , 6-DIMETHYLPYRIDINE N-OXIDE-

Sn-Cl(l)  2.528(1

Sn-Cl(2) 2.400(1

Sn-C(l) 2.110(4

Sn-C(2) 2.113(4

Sn-0 2.289(2

0-N 1.352(4

N-C(3) 1.365(5

C(3)-C(4) 1.367(5

C(4)-C(5) 1.374(6

C(5)-C(6) 1.394(6

C(6)-C(7) 1.387(6

C(7)-N 1.354(5

C(7)-C(8) 1.479(6

C(3)-C(9) 1.499(6

S n - C l ( l ' ) -  3.399(1

Sn-Sn' 4.5918(4)

C l ( l ) - C K l ' )  3.8468(13)

-  Estimated s tandard devia t ions  a re  in parentheses.

- C 1 ( T )  i s  the  bridging atom.
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TABLE 5

INTRAMOLECULAR ANGLES (IN DEG) IN DIMETHYLTIN(IV) DICHLORIDE-
2,6-DIMETHYLPYRIDINE N-OXIDE-

C l( l ) -Sn -C l (2 ) 89.50(3)
C l ( l ) -S n -0 177.44(7)

C K l) -S n -C ( l ) 93.7(1)

Cl( l ) -Sn-C(2) 95.1(1)

Cl(2)-Sn-0 87.95(7)

Cl(2)-Sn-C(l ) 110.7(1)

Cl(2)-Sn-C(2) 102.9(1)

C(l)-Sn-C(2) 145.3(2)

O-Sn-C(l) 87 .4(1)

0-Sn-C(2) 85 .3(2)

Sn-O-N 123.0(2)

C(3)-N-C(7) 123.2(3)

N-C(3)-C(4) 118.2(3)

C(3)-C(4)-C(5) 121.3(4)

C(4)-C(5)-C(6) 119.0(4)

C(5)-C(6)-C(7) 120.0(4)

C(6)-C(7)-N 118.4(3)

C l ( r ) - S n - C K l ) 79.46(3)

C l ( r ) - S n - C l ( 2 ) 168.79(3)

Cl ( r ) - S n - C ( l ) 72.3(1)

C l ( l ' ) -S n -C (2 ) 76 .4(1)

C l ( r ) - S n - 0 103.09(7)

— E s t im a te d  s t a n d a r d  d e v i a t i o n s  a r e  in  p a r e n t h e s e s .



TABLE 6

LEAST-SQUARES PLANES IN DIMETHYLTIN(IV) DICHL0RIDE-2,6-DIMETHYLPYRIDINE N-OXIDE

Orthonormal Equation: M̂ x + MgY + MgZ + d = 0

Planes through Atoms "l "2 "3 d Plane
P

Dihedral Angle 
Between [ P , P ‘]

R.M.S.

Cl (2 ) .  0 ( 1 ) ,  0 ( 2 ) ,  01 (1 ) ' -0.9791 -0.2031 -0.0047 1.3720 1^ 0.2472

S n ( l ) ,  01 (1 ) ,  S n ( l ) ' ,  
C l ( l ) '

-0.0722 0.3283 -0.9418 0 2 89.51 [1 ,2 ]

0,  N, 0 ( 3 ) ,  0 ( 4 ) ,  0 (5 ) ,  
0 (6 ) ,  0(7)

0.6719 0.6393 -0.3740 -3.6183 3 -38 .19 [ 1 ,3 ]  
59.10 [ 2 ,3 ]

0.0064

Sn, 0,  N 0.2579 -0.0248 -0.7370 1.4150 4 ^ 87.17 [3 ,4 ] 0

Sn, 0,  0(1) 0.2904 -0.7291 -0.6197 1.5159 5b 9.20 [ 4 ,5 ] 0

— The t i n  atom i s  0.0252(3) À from t h i s  p lane  in t h e  d i r e c t i o n  o f  t h e  Sn-0 vec to r .

— The Sn-C(l)  and 0-N vec to r s  make an ang le  o f  9.20° when viewed along t h e  Sn-0 ax is .

KO4^
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TABLE 7

COMPARISON DATA FOR DIMETHYLTIN(IV) DICHLORIDE AND ITS PYRIDINE
N-OXIDE COMPLEXES

(CHgigSnClg-nRgCgHglNO n=l^ n=2^ n=0—

d ( S n - C l ) , A 2.400(1) ,  2.528(1) 2.584 2.41,  3.54

d(Sn-O) , A 2.289(2) 2.251 - -

d (Sn-C) , A 2.112(4) ,  2.110(4) 2.225 2.21

d(O-N), A 1.352(4) 1.37

d(N-C),v.  A 1.364(5) 1.35 - -

<C-Sn-Cj deg 145.3(2) 180 123.5

<C1-Sn-Cl, deg 89.50(3) 180 93.0

<Cl-Sn-0, deg 87 .95(7) ,  177.44(7) 89 .5 ,  90.5 - -

<C-Sn-0, deg 8 7 .4 (1 ) ,  85.3(2) 95 .6 ,  84.4 - -

<Sn-0-N, deg 123.0(2) 117 --

<C1-Sn-C, deg 9 3 . 7 ( 1 ) , , ,  9 5 . 1 ( 1 ) , , ,

102.9(1) , q ,  110 .7(2) ,q

89 .5 ,  90.5 109.0

<0-Sn-0, deg - - 180 - -

<pyNO r ing  and 
Sn-O-N p la ne ,  deg

87.17(6) 83 --

- T h i s  w ork. E s t im a te d  d e v i a t i o n s  a r e  in  p a r e n t h e s e s .

- R e f .  34. 

- R e f .  13.
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TABLE 8

COMPARISON DATA AND PREDICTED METHYL-TIN-METHYL ANGLES FROM 
MOSSBAUER QUADRUPOLE SPLITTINGS (QS) FOR 

DIMETHYLTIN(IV) DERIVATIVES

Compound QS,mm s"^ d(Sn-C),0
A

<(C-Sn-C)I 
Found

Pre- . 
d i c t e d -

Ref

(CHgigSnClg 3.55^,  3.60^ 2.16
2.21

123.5° 13

1:2-pyN0 4 .02 - 2.225 180.0° 34

1:l-pyNO 3.97 -  - — 162.0°

l : l - 2 , 6 - l u t N 0 3.80+0.06 2.110(4)
2.112(4)

145.3(2)° 153.0° d

1 : l - s a l i c y l -  
aldehyde 3.33 2.098

2.107
131.4° 137.2° e

1:1-d iphenyl- 
cyclopropenone 3.52 2.111

2.116
142.2° 143.1° f

-  From the poin t -charge  model o f  r e f .  30.

-  Ref. 13.

-  Ref. 6.

-  This work. Estimated standard dev ia t ions  a re  in parentheses .



TABLE 9

THE PYRIDINE N-OXIDE LIGAND IN METAL COMPLEXES-

Complex CN and 
Geom.

d(N-O),
0
A

d(M-O),0
A

^M-O-N,
deg. d (C ;" ) a v '

A

pyNO Plane 
O r ie n ta t io n

Ref

[w-pyNOCuClglg

Î 1 Ü -

1.24

1.346

1.99
2.10
1.979
2.036

123.5
127.8

1.35

1.341 70.0

50

51

NiacaCgfpyNOjg 6 0 , 1.321
1.337

2.088
2.105

119.2
122.4

1.339 48.4
67.5

66

(2-CH,pyN0)pCu.Cl, 
ZHgOr ^ J  b

• 5 S q .py .1 .36 1.98
2.01

121.6
127.1

1.36 88.8 52

[2,6-(CHjgPyN0]g 
ZnClg ^ ^ 2

1.38 2.01 118.6 1.39 - 65

S.S-BrgPyNOHgClg 3 "T" 
shaped

1.27 2.51 125.7 1.37 - 71

[(pyNOlaCu]Z+
{CIO4 7g

1.33 1.92 116.7 1.34 88.7 53

[(pyN0).cu]2+
{BF4 4 Sq.pl .1.31

1.36
1.93
1.91

116.7
118.6

1.34 89 .9
78.9

54

VO



TABLE 9 ,  c o n t ' d .

Complex CN and 
Geom.

d(N-O),0
A

d(M-O),0
A

^M-O-N,
deg. d (C ;" )av ,

A

pyNO Plane 
O r ie n ta t io n

Ref

[ (2 ,6 - (CH j„pyN0]
CuClg

4 T.  to  
c i s - s q . p l

1.31
.1 .36

1.97 
1.93

118.6
121.6

1.38 - 55

(4-N02gy)2CuCl2* 6 Oh 1.325 2.635 109.9 1.354 - 57

[(pyNOigCu]?* 
(NO3 )2

5 D i s t o r t 
ed t e t r a .

-1.362
1.361

1.968
1.951

118.6
119.4

1.346 64.0 56

py-

[(2-CH3pyN0)cCo]2+
( C I O /  )2 5

5 tbp 1.275(av) 2.098 (av) 
1.975«^(av)

124.2(av)
(120-134) -

41-84 68

[w-(pyN0 )2CuBr2]2 5 S q .p y .1 .345,1 .347  
( t e r m i n a l ) 
1 .365 ,1 .366 
(b r idg ing )

1 .944 ,1 .949  
( t e r m i n a l ) 
2 .162 ,1 .975 ,  
2 .240 ,1 .976  
(b r idg ing)

119.7 ,119 .5  
( t e r m i n a l ) 
121 .2 ,123 .6 ,  
125 .3 ,121 .3  
(b r idg ing)

1 .342( t e r m i n a l ) -  
1 .341(b r idg ing )

60

4-CH3PyN0Pt(C0)Cl2 4 S q .p l . 1.35 1.99 120.0 1.35 87.5 70

(4-CH3PyN0)2CuCl2 
(green modificatTor

1.34 1.949 122.0 1.34 93.9 58

[w-pyNOCuBr,], 5 Sq .py .1.381 1.965 125.9 1.355 83.0 61

œ

1 .9 9 4 1 2 3 .8



TABLE 9 ,  c o n t ' d .

Complex CN and
Geom.

d(N-O),
O
A

d(M-O),
O
A

^M-O-N,
deg. d (C ;" ) a v '

A
pyNO Plane 
O r ie n ta t io n

Ref

[p-4-PhpyN0CuCl2]2 4 S q .p l . 1.371 1.978
1.986

123.0 1.343 85.1 59

[y-4-PhpyNOCuCl,* 5 Sq.py.  
ZHgOQg ^

1.347 1.980
2.040

124.5 1.330 79.7 59

(pyNOOgHgZ+fClO^-ig 6 0^ 1.32 2.35 114.3 1.36 72.9 72

[(pyN0)gNi]2-^(BF^")2 6 0^ 1.332 2.060 119.0 1.41 71.4 67

[(pyN0)gCo]2+ 6 0^ 

(C10^')2

1.334 2.088 119.5 1.337 72.2 69

[(pyN0 )gCu]^^(C10^‘ )26 Oh 1.324 2.086 118.7 1.340 - 62

[(pyN0)gCu]2+(BF4-)2 6 0^ 1.333 2.088 118.75 1.335 - 62

[(pyN0 )gZn]2+(ClÛ4-)2 6  Og 1.330 2.102 119.25 1.341 - 62

[(pyN0)gZn]2^(BF^')2 6 0^ 1.326 2.102 119.2 1.341 - 62

[(pyNOigCulZ+fClOq-igO 0^ 1.332 2.076 119.1 1.333 72.8 63

[(pyN0 )gCo]2+(C104-)26 0^ 1.331 2.090 119.3 1.341 72.7 63

[(pyN0 )gFe]2+(C104-)26 0^ 1.331 2.112 119.7 1.338 71.8 63

KO
KO
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Complex CN and
Geom.

d(N-O).O
A

d(M-O).O
A

^M-O-N,
deg. A

pyNO Plane 
O r ien ta t io n

Ref

[(4-CH_ByN0)cCu]2+ 
(C IO / )g 6

6 Oh 1.326 
1.312
1.326

1.965
2.008
2.385

120.2
119.4
116.1

1.350 - 64

[(4-CH3pyN0)Zn]2+ 6 Oh 1.352
1.309
1.344

2.068
2.113
2.160

119.0
119.5
116.5

1.358 - 64

[(2-C0,pyN0),CUq(0H)a4 Sq.pl  
ZHgO]? ^ Sq.py

.1.327 2.426 - 1.336 - 65

[Co(H,0)g]2+ d 1.324 d d 1.343 d 70
[4-C02PyN0]2

[Ni(H20)s]2+ d 1.319 d d 1.350 d 70

[4-C02PyN0]2

[(4-C0,pyN0)Cu],S0,
(0H)2'H20 ^ 4

d 1.30 d d 1.37 d 66

(CgHg)3 SnN0 3 *pyN0

(monoclinic) 5 tbp 1.34 2.227 120.4 1.34 78.9 44
( t r i c l i n i c ) 5 tbp — 2.299

2.238
- — 45

(CH3)2SnCl2*2pyN0 6 Oh 1.37 2.251 117.0 1.36 83 34

fV3OO
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Complex CN and
Geom.

d(N-O),O
A

d(M-O),O
A

^M-O-N,
deg. d (C ;" ) a v '

A

pyNO Plane Ref 
O r ien ta t io n

[(CH2)2SnCl2'2,6-  6 0^ 1.352(4) 2.289(2) 123.0(2) 1.359(5) 87.17(6)  e
(CHgigpyNO],

— The complexes a r e  l i s t e d  in  th e  chronolog ica l  o rd e r  o f  t h e  s tudy  being submitted f o r  p u b l i c a t i o n ,  
with  th e  t r a n s i t i o n  metal d e r i v a t i v e s  f i r s t .

— R e in te rp re ted  as f i v e - c o o r d in a t e  with  square-pyramidal  geometry a t  copper [Sager ,  F .S . ;  Will iams,  R . J . ;  
Watson, W.H. Inorq .  Chem. l ^ M ,  8 ,  694].

— The 4-N02PyN0 l igand  i s  held predominantly by hydrogen bonding.

— The pyNO l igand  i s  not  bonded t o  M.

— This work. Est imated s tandard  d e v i a t i o n s  a r e  in  p a r e n t h e s i s .

r o
o
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TABLE 10

STRUCTURAL DATA FOR PYRIDINE N-OXIDE

d(N-0),A d(C-N),A Ref.

4-NO,pyNO 1.260 1.382 75C 1.384

4,4-trans-azo-pyNO 1.283 1.351 76
1.364

N-oxyphenazine 1.24 1.35 77

pyNO'HCl 1.37 1.31 78
1.36

pyNO (X-ray) 1.33 1.34 73
1.37 1.34

pyNO (gas phase e lec t ron  d i f f r a c t i o n ) 1.290 1.384 74

pyNO t r i c h l o r o a c e t i c  acid 1.39 -- 80

pyNO semi pe rch lo ra te 1.34 1.38 79
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TABLE 11

ANISOTROPIC TEMPERATURE FACTORS (x lO ^) FOR DIMETHYLTIN(IV)
DICHLORIDE-2,6-DIMETHYLPYRIDINE N-OXIDE-

U^iXlO* UggXlO* 833x10^ UggXlO* U12XI

135(2) 141(2) 147(2) 21(1) -25(1) -39(1)

158(5) 278(6) 296(6) 70(4) -66(4) -75(4)

210(5) 231(5) 302(6) -68(4) -43(4) 27(4)

105(13) 184(14) 236(14) 84(11) -59(11) -11(10)

103(16) 144(14) 251(18) 41(14) -4(14) -50(13)

205(24) 281(24) 215(23) 47(20) -1(19) -94(20)

283(26) 263(24) 164(22) 26(18) 25(20) -56(21)

124(18) 139(18) 280(21) 1(16) 44(16) -64(15)

158(21) 134(20) 399(26) 3(19) 68(19) 16(18)

177(21) 217(22) 314(24) 37(19) -37(19) 10(17)

180(22) 193(20) 302(24) 3(18) -63(19) 11(17)

165(19) 190(20) 256(21) -45(17) -12(16) -42(16)

219(25) 202(24) 348(26) -49(21) -105(19) 57(19)

224(22) 255(23) 253(21) -10(19) 39(17) -30(19)

-  E s t im a te d  s t a n d a r d  d e v i a t i o n s  a r e  in  p a r e n t h e s e s .
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TABLE 12

HYDROGEN PARAMETERS FOR DIMETHYLTIN(IVl DICHLORIDE-
2,6-DIMETHYLPYRIDINE N-OXIDE-

Atom x/a X 10^ y/b  X 10^ z / c  X 10^ "iso  " '0^

H(C1 )A 91(3) 90(4) 244(4) 3.4(16)

H(C1)B 53(4) 2(4) 190(4) 4.5(14)

H(C1)C 152(3) 25(3) 196(3) 2.1(11)

H(C2)A 135(5) 189(6) -95(5) 8.0(22)

H(C2)B 47(5) 208(7) -116(7) 9.5(31)

H(C2)C 88(4) 102(5) -108(4) 4.9(16)

H(C4) 408(3) 4(4) 223(4) 2.0(13)

H(C5) 435(3) 59(3) 388(3) 1.7(10)

H(C6) 365(4) 198(5) 431(5) 5.5(16)

H(C8)A 249(4) 330(5) 384(6) 7.7(22)

H(C8)B 166(4) 286(5) 291(5) 7.0(19)

H(C8)C 229(3) 347(4) 251(4) 2.4(14)

H(C9)A 347(4) -2(4) 39(4) 4.7(14)

H(C9)B 306(3) 116(4) 0(4) 3.7(13)

H{C9)C 245(4) 13(4) 26(4) 5.8(17)

-  E s t im a te d  s t a n d a r d  d e v i a t i o n s  a r e  in  p a r e n t h e s e s .
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TABLE 13

HYDROGEN DISTANCES (IN A) IN DIMETHYLTIN(IV) DICHLORIDE- 
2,  6-DIMETHYLPYRIDINE N-OXIDE-

C(1)-H(C1)A 0.76(6)

C(1)-H(C1)B 0.99(6)

C(1)-H(C1)C 0.95(5)

C(2)-H(C2)A 0.90(8)

C(2)-H(C2)B 0.70(8)

C(2)-H(C2)C 0.94(6)

C(4)-H(C4) 0.73(5)

C(5)-H(C5) 0.88(4)

C(6)-H(C6) 1.00(6)

C(8)-H(C8)A 1.17(8)

C(8)-H(C8)B 0.97(7)

C(8)-H(C8)C 0.82(5)

C(9)-H(C9)A 1.04(6)

C(9)-H(C9)B 0.99(5)

C(9)-H(C9)C 1.02(6)

-  Estimated s tandard  dev ia t ions  a re  in paren theses .



206

FIGURE 1

THE DIMETHYLTIN(IV) DICHLORIDE-2, 6-DIMETHYLPYRIDINE N-OXIDE DIMER 

SHOWING THE ATOMIC NUMBERING



FIGURE 2

THE UNIT CELL CONTENTS OF THE DIMETHYLTIN(IV) DICHLORIDE'2,6-DIMETHYLPYRIDINE N-OXIDE DIMER

r o
o
"VJ
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FIGURE 3

THE MONOMERIC UNIT VIEWED DOWN THE TRANS-CHLORINEH)-TIN-OXYGEN VECTOR
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CHAPTER 8

THE X-RAY CRYSTAL AND MOLECULAR STRUCTURES OF THE MONOMERIC 1:1 ADDUCTS

OF DIPHENYLTIN(IV) DICHLORIDE AND TRIMETHYLTIN(IV) CHLORIDE WITH

2,6-DIMETHYLPYRIDINE (2,6-LUTIDINE) N-OXIDE. AN AUTHENTIC EXAMPLE

OF A TRULY FIVE-COORDINATED 1:1 RgSnClg COMPLEX

(These s t r u c tu re s  were solved by P rofessor  A.L. Rheingold of  the Universi ty 
o f  Delaware. See P re face . )

Introduct i  on

The 1:1 adducts formed by diorganotin(IV) d iha l ides  with c e r t a in

pointed l igands conta in ing  the C=0, \ = S ,  \ = 0 , ^ N - ^ 0  or^P=0 grouping
• /  /  /  /  /  

a re  in f a c t  s ix -coord ina ted .  The s t ru c t u re s  o f  the  1:1 d im ethy l t in ( rv )
2

d ic h lo r id e  complexes with diphenylcyclopropenone and with 2,6-dimethyl-

pyr id ine  ( 2 ,6 - l u t i d i n e )  ^ -oxide  reveal dimer formation through bridging
4 5c h lo r in e  atoms, and the  s t r u c t u r e  of  the  1:1 sa l icy la ldéhyde  adduct ’ 

can be r e in t e rp r e te d  in s im i la r  terms as an a s s o c ia t ed  so l id  with br idg-

Di-^ and t r im e thy l t in ( IV )^  ch lo rides  a re  themselves assoc ia ted  in

ing phenolic oxygen atoms.

Di-^ and t r im e th y l t  

the  s o l id  s t a t e  through bridging ch lo rine  atoms,  but t r ipheny l t in ( IV )  

c h lo r id e  i s  a monomer,^ and the  diphenyl analogue c r y s t a l l i z e s  in a com

plex s t r u c t u r e  which conta ins  both fou r -  and s ix -coord ina ted  t i n  atoms.
g

The s t r u c t u r e  was o r i g i n a l l y  in t e rp re te d  in terms of  d i s c r e t e  molecules,  

and in any case the a s so c ia t io n  must be weak.^^

215
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Tin-119m Mossbauer data  was used to choose a complex which might 

be 1:1 and monomeric. The quadrupole s p l i t t i n g  (QS) values in c rease  with 

carbon- t in-carbon  angles in diorganotin(IV) s y s t e m s . A  tr ea tm ent based 

upon a poin t-charge  model has been successful in p red ic t ing  th e se  angles 

in diphenyl t in(IV) systems^^*^^ where s t r u c tu ra l  data a r e  a v a i l a b l e .

Since the  t r a n s - RoSnX^ octahedra l  conf igura t ion  i s  ubiqui tous  f o r  s ix -  

coordinated adducts and ax ia l ly -m o s t - e le c t ro n e g a t iv e ,  t r igonal-b ipyramidal  

conf igura t ions  fo r  f ive -coo rd ina ted  a d d u c t s , t h e  QS values can spec ify  

f o r  the  1:1 RgSnXg-L complexes whether they are  monomeric (e q u a t o r i a l - 

RgSn grouping,  angle C-Sn-C=120°) or  bridged ( t r a n s - RpSn grouping,  angle 

C-Sn-C=180°). For t h e  2,6-dimethyl pyridine ( 2 ,6 - l u t i d i n e )  li-oxide com

plex of  d iphenyl t in( IV)  d i c h lo r id e  (^ ) ,  the  isomer s h i f t  (IS) i s  1.34+

0.03 mm s ^ ; the  QS o f  2.84+0.06 mm s"^ corresponds to  a C-Sn-C angle of  

130°. Therefore ,  the s t r u c t u r a l  determination of t h i s  complex was 

c a r r i e d  out.

The s t r u c t u r e  o f  t h e  analogous 1:1 t r im e thy l t in ( IV )  c h lo r id e  adduct

( I p  was determined to complete the  s e r i e s  , (CH3 ) ^ S n C l 4 _ n ' x R 2 CgHgN0 , 

fo r  which the  n=2, 

ready been studied .

fo r  which the  n=2, x=0,^ 1 ,^  and 2^^ and the n=3, x=0^ members have a l -

Experimental Section

Preparat ion of  Diphenylt in(IV) Dichloride-2,6-Dimethyl pyr id ine  (2 ,6 -  

Lut idine)  (i-Oxide (CgHg)2SnCl2'2,6-(CH2)2CgHgN0 and Tr imethyl t in (IV)  

Chloride-2,6-Dimethyl py r id ine  (2 ,6 -Lutid ine)  W x i d e  (CHg)gSnCl -2 ,6 -

The adducts were prepared by mixing s to ich iom e tr ic  amounts o f  the
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organotin(IV) chloride [diphenylt in (IV)  di ch lo r ide  3.44 g, 10.0 mmol; 

t r im e th y l t in ( IV )  ch loride 1.99 g, 10.0 mmol] and 2 , 6 - dimethyl pyr id ine 

( 2 , 6 - l u t i d i n e )  N_-oxide (1 .23 g,  10.0 mmol) in chloroform. The organo- 

t i n s  were g i f t s  from M & I  Chemicals and the l igand was an Aldrich produc t .  

Single c r y s t a l s  were obta ined  from the slow evapora t ion  o f  chloroform 

so lu t ions  o f  the complexes which were i s o l a t e d  in  ç a .  70% y i e l d ;  (^) mp 

159° C; ( ^ )  mp 106° C.

The c rys ta l  data and data c o l lec t ion  parameters ,  p o s i t io n a l  and 

thermal parameters  fo r  the  nonhydrogen atoms, s e l e c t e d  bond d is tances  and 

angle ,  and the ORTEP drawings fo r  the two complexes are  given in  Appendices 

2 - 7 .  Appendix 1 descr ibes  the data c o l l e c t i o n ,  so lu t ion  and refinement.  

The Appendices are provided by Professor  A.L. Rheingold (see Pre face) .

Descrip t ion of  S t ruc tu res  and Discussion 

An examination o f  the un i t  ce l l  contents  reveal  no in te rm o lecu la r
O

contacts  l e s s  than 4 A. Thus the t i t l e  compounds are indeed monomeric, 

and (^) i s  an au then t ica ted  example of a 1:1,  f ive -coo rd ina ted ,  

diorganotin(IV) di hal ide complex.

The S t ruc tu re  o f  ( p  

In the analogous 1:1 dimethyl t in ( IV )  d ich lo r ide  complex the methyl- 

t in-methyl  angle i s  opened from 123.5° in (CHg)2SnCl2^ to  145.3° in the
3

t r a n s -  , t r a n s -  , t r a n s - oc tahedral  ch lo r ine-br idged  dimer. With the  weak

e r  Lewis ac id  the angles invo lv ing  the b u l k i e r  phenyl groups change from 

123.9° and 127.0° in (CgHg)2SnCl2^ '^ °  to  124.1(1)° in ( I ) ,

l i s t e d  angle corresponds to  a diphenyl t i n  (IV) d ich lo r ide  molecule one o f
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° 10whose ch lo r in e  atoms bridge to  an ad jacent  t i n  atom a t  3.78 A. I t s  

t i n  atom i s  four -coord ina ted  In a d i s to r t e d  t e t r a h e d ra l  environment. The 

t i n  atom in ( p ,  on t h e  o th e r  hand, i s  f ive -coo rd ina ted  in a t r igona l  b i-  

pyramidal arrangement.  The two phenyl groups and one ch lo r ine  atom are 

e q u a t o r i a l ,  while t h e  l igand  oxygen and th e  o th e r  ch lo r ine  atom are  axial  

[angle 0 -Sn-Cl(2)=172.8(1)° ] .  The sum o f  th e  angles in the  t r igona l  g i r 

d le  o f  t h e  complex i s  359 .0(3)° .  The ax ia l  t i n - c h l o r i n e  bond [d(Sn- 

Cl(2))  = 2.471(1) A] i s  longer than th e  equa to r ia l  [d(Sn-Cl(1)) = 2.366(1) 

A] by 0.105(1) A.

S t ru c tu re  o f  ( ^ )

The ch lo r ine  occupies one apical  s i t e  whi le  the  oxygen atom of  

th e  l i gand  occupies t h e  o th e r  a t  an 0-Sn-Cl angle  of  177.4(1)° .  The sum 

o f  t h e  angles made by th e  t h r e e  equator ia l -methyl  groups a t  th e  cen t ra l  

t i n  atom i s  358 .9 (3 )° ,  but th e  t i n  atom is  d isp laced  out of  t h i s  plane
O

toward t h e  ch lo r ine  atom by 0.2357(2) A. That t h e  g i r d l e  of  t h i s  com

plex i s  no t  f l a t  i s  suggested by the  observa t ion  of  two bands in the  

v(Sn-C) reg ion of  both t h e  in f r a re d  (538,520) and Raman (561,530 cm~^) 

in t h e  expected reversed  i n t e n s i t y  r a t i o s  using s o l id  samples in both 

i n s ta n ces .

Bonding in the  Pyr idine N-Oxide Complexes 

A number of  molecular  s t r u c t u r e  parameters  r e f l e c t  the  bonding 

s i t u a t i o n  in pyrid ine  N-oxide complexes. These include the  N-+0 and the  

Sn-0 d i s t a n c e s ,  t h e  angle  Sn-O-N and t h a t  made between the planes con

ta in in g  t h e  Sn-O-N system and th e  pyr id ine  r in g  which in t e r s e c t  a t  the
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nit rogen  atom.

I t  would seem obvious t h a t  coordinat ion  o f  t h e  oxygen would leng

then th e  N->-0 d is tance  over t h a t  o f  the  l igand ,  but a survey of  the 

s t r u c t u r e s  of  over 30 complexes o f  var ious ly  s u b s t i t u t e d  pyr id ine
3

oxides f a i l s  to  confirm t h i s  expec ta t ion .  The claimed c o r r e l a t i o n s  be

tween th e  f requencies assigned t o  v(N->-0) modes and complexation must, 

t h e r e f o r e ,  a r i s e  from o the r  o r i g i n s .  The s t r u c t u r e  o f  2,6-dimethy l- 

pyr id ine  ( 2 , 6 - l u t i d i n e )  is unknown, so no d i r e c t  comparison can be made.

The s t r u c t u r e  o f  four organotin(IV) complexes with pyr id ine ^  

oxide l igands are a v a i lab le  fo r  comparison a t  t h i s  w r i t i n g ,  but any con

c lusion  based on these  Sn-0 bond d is ta nces  would involve cross-comparing 

d i f f e r e n t  t i n  coordina tion numbers and d i f f e r e n t  organic s u b s t i tu e n ts  a t  

the  t i n  and on th e  l igand .  The d(Sn-O) data a re  l i s t e d ,  i n t e r  a l i a , in 

Table 1.

The angles M-O-N in pyr id ine  ^-oxide metal (M) complexes are  gen-
2e r a l l y  c lo se  to 120° r e f l e c t i n g  ^  -hyb r id iza t ion  a t  t h e  coordinated

3
oxygen atom. These values f o r  t h e  M=Sn complexes a re  l i s t e d  in Table 4, 

and a re  125.7(2) and 130.6(2)°  f o r  ( I )  and (_H), r e s p e c t iv e ly .  The - 

hyb r id iza t ion  would leave one lone p a i r  o f  e l ec t ro n s  in  a pure £ -o rb i t a l  

which would be a v a i lab le  fo r  Tr-overlap with th e  aromatic pyrid ine system. 

The ex ten t  o f  t h i s  i n t e r a c t i o n  would be dependent upon the  angle between 

the  Sn-O-N plane and the  plane o f  t h e  aromatic r i n g ,  and would maximize 

when th e  two were co inc iden t .  However, the  survey revea ls  t h a t  the  two

planes a r e  in general near ly  perpendicu la r ,  the  sm a l le s t  in t e rp lane  angle 

being 41° in [(2-CHgpyN0)gCo]^^(C10^)2.^^ The angles in th e  organotin 

complexes a re  l i s t e d  in Table 1 with  the  values being 86.98(4)° and
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84.75(16)° fo r  (^) and ( ^ ) >  r e s p e c t iv e ly .  Thus a d e s c r ip t io n  based
3

upon d i s t o r t i o n  from s £  -h y b r id i z a t i o n  a t  oxygen is  to  be p re fe r red .  

Forcing t h e  Sn-O-N and pyr id ine  r ing into the  same plane would give 

r i s e  to  severe s t e r i c  r epu ls ions  between th e  2,6-dimethyl  groups and th e  

s u b s t i t u e n t s  on the  t i n  atom.

Summary

Diphenyltin(IV) d ich lo r ide-2 ,6-d im ethyl  py r id ine  f^-oxide, ( ^ ) ,

^1 gH-jgClgNOSn, forms c o l o r l e s s  c r y s t a l s ,  mp 159° C, in  the  space t r i 

c l i n i c  group P̂T with a = 9 .359(2) ,  ^  = 10.534(2),  ĉ  = 10.996(3) A, 

a = 97.46(2) ,  g = 114.74(2) ,  y  = 93.26(2)°,  V = 968.8(3) 1 = 2 ,

p = 1.60 g cm" . The s t r u c t u r e  was determined from 3609 r e f l e c t i o n s

c o l lec ted  on a Nicolet  R3 d i f f r ac to m e te r  with monochromatic MoK r a d ia t io na

and r e f ined  to  a f ina l  ^  value of  0.0228 fo r  t h e  3102 r e f l e c t i o n s  inc lud

ed in the  le a s t - squa re s  sums. The monomeric complex contains f iv e -c o o r 

d in a ted ,  t r igona l  bipyramidal t i n  with the  phenyl r ings  forming an angle 

of  124.1(1)° in the  equator ia l  plane.  The l igand oxygen and one o f  the 

ch lo r ine  atoms occupy th e  ap ica l  pos i t ions  a t  an angle o f  172.8(1)°.  The 

sum of t h e  angles subtended a t  t h e  t i n  atom in the  t r igona l  plane is

359.0(3)°.  The t i n  atom is  d isp laced  from t h i s  plane by 0.1279(2) A in
0

the  d i r e c t i o n  of  the ch lo r ine  atom. The Sn-Cl bond [2.366(1) A] is 

s h o r t e r  than the  Sn-Cl „ bond [2.471(1) A]. The Sn-0 d i s tance  isdX •
o

2.296(2) A, and the  two Sn-C bond d is tances  a re  approximately equal 

[2.119(3) and 2.128(4) A]. Trimethylt in( IV) ch lor ide-2 ,6 -d imethy lpyr id ine  

N-oxide, ( ^ ) ,  C^gH^gClNOSn, mp 106° C, also  c r y s t a l l i z e s  as co lo r le ss  

c r y s t a l s  in th e  same space group with â  = 8.174(2) ,  ^  = 9 .599(2),  £  =
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9.895(3) A, a = 115.33(2),  g = 105.50(2) ,  y  = 81 .45(2 )° ,  V = 675.7(2) A,

Z = 2, p = 1.58 g cm" . This s t r u c t u r e  was solved from 2437 r e f l e c t i o n s

and r e f ine d  to  a f i n a l  R, value o f  0.0313 fo r  t h e  2207 r e f l e c t i o n s  t h a t-w

were used in th e  l e a s t - sq u a re s  sums. The molecule has t h e  t i n  atom in

a t r igona l  bipyramidal geometry with t h e  methyl carbons in th e  tr igona l

plane.  The Sn-C bond d i s t a c e s  a re  2 .119(5) ,  2.120(4) and 2.125(6) A

and th e  C-Sn-C angles a re  114 .1(2) ,  121.8(3) and 123 .1 (2 ) ° ,  giving a

sum o f  358 .9(3)° .  The apical  Cl-Sn-0 angle i s  177 .4 (1 )° ,  the t i n  atom
0

is  d isp laced  from th e  t r igona l  plane by 0.2357(2) A toward th e  ch lo rine  

atom. Both t h e  Sn-Cl and Sn-0 d is tances  are l a r g e r  than those  found in 

s t r u c t u r e  ( I )  [2.533(1) and 2.400(2) A, r e s p e c t i v e l y ) ] .  The angle a t  the  

oxygen atom is  125.7(2) in (^) and 133 .6(2)° in ( ^ ^ ) , and the angle 

formed by the Sn-O-N system and the pyr id ine ^ -ox ide  r ing  i s  86.98(4) 

in ( p  and 84.75(16)° in ( ^ ) .  The N-0 d is tances  a re  1 .346(4) in (I)  

and 1 .326(4) A in ( ^ ) .



TABLE 1

COMPARISON MOLECULAR DATA FOR ORGANOTIN(IV) CHLORIDES AND THEIR PYRIDINE N-OXIDE COMPLEXES

(CHg)gSnCI n2,6-RgCgHgN0 ( CH3 )2SnCl2 •n2 , 6-R2CgH3N0 (CgHg) 2SnCl2 •n2 , 6-R2C5H3NO

n=l;R=CH3ÜJ)^ n=0^ n=2;R=H- n=l;R=CHn— n=0^ n=l;R=CH3(^)^ n==0:

d (Sn-C l) ,  A 2.533(1) 2.430 2.584
0

2.400 2.40 2.366(1) 2.336 2.336
0 3.269 2.528 3.54 2.471(1) 2.353 2.357

d(Sn-O),  0 2.400(2) 2.251 2.289 2.296(2)
d(Sn-C),  A 2.119(5) 2.109 2.225 2.110 2.21 2.119(3) 2.105 2.112

2.120(4) 2.121 2.112 2.128(4) 2.119 2.118
0 2.125(6) 2.216

d(O-N), A 0 1 .326(4)
1.367(4)

1.37 1.352 1.346(4)
d (N -C ) , , .  A 1.35 1.364 1.360(3)
C-Sn-C, u6g 114.1(2) 115.2 180 145.3 123.5 124.1(1) 123.9 127.0

121.8(3) 116.3
123.1(2) 119.8

Cl-Sn-Cl,  deg 176.85 180 79.46 93.0 88 .92(4) 101.7 97.8
89.50
168.79

Cl-Sn-0,  deg 177.4(1) 89 .5
90.5

87.95
103.09
177.44

83 .9(1)
172.8(1)

C-Sn-0, deg 85 .7 (1 )
8 6 .0 (2 )
88 .1(1)

84.4
95.6

85.3
87.4

87 .8 (1 )
88 .8 (1 )

Sn-O-N, deg 130.6(2) 117 123.0 125.7(2)

r or\5
r o



TABLE 1, c o n t ' d .

(CHg)gSnCl nZ.G-RgCgH^NO (CH3)2SnCl 2-n2.6-R2CgH3N0 (CgHg)2SnCl2'n2.6-R2CgH3l

n=l;R=CH.,(II)- n=0^ n=2;R=H- n=l;R=CH.- n=0^ n=l ;R =CH.(D-  n=0^

Cl-Sn-C, deg 91.7(1) 82.6 89.5
J  ■

72.3 109.0
J  ' V

94.9(1)  106.0
93 .7(1) 79.6 90.5 76.4 96.0(1)  106.5
94 .9(1) 78.0 93.7 114.7(1)  107.8 107

99.1 95.1 120.2(1)  108.8 110
100.1 102.9
100.6 110.7

O-Sn-0, deg 180
pyNO r in g  and 84.75 83 87.17 86.98(4)
Sn-O-N p lane . deg

— This work.

-  Ref. 7.

-  Ref. 15.

— Ref. 3.

-  Ref. 6.

— Ref. 9 and 10. There a r e  two c r y s t a l !  ographi c a l l  y independent  molecules in  the  u n i t  c e l l

ro
ro
C o



TABLE 2

LEAST SQUARES PLANES IN DIPHENYLTIN(IV) DICHL0RIDE*2,6-DIMETHYLPYRIDINE N-OXIDE(I) AND 
TRIMETHYLTIN(IV) CHL0RIDE-2,6-DIMETHYLPYRIDINE N-OXIDE(II) ~'W'

Plane Through Atoms

Orthonormal Equation M̂ x + M̂ y + M̂ z + d = 0

Mg M3 d rms

Dihedral 
angle  be-  

P1ane P tween 
[ P ,P ' ]

NO(CgHg)gSnClg-2.6-(CH3) o %

C l ( l ) ,  C ( l l ) ,  C(21)
Sn, 0,  N

C(15),  C(16)
C(21),  C(22),  C(23), C(24),
C(25),  C{26)

( CHJ ) jSnCI•2 , 6 - ( CH3) gC^H3N0

0 ( 1 ) .  0 (2 ) ,  0(3)
Sn, 0,  N
0.  N, 0 (4 ) ,  0 ( 5 ) ,  0 ( 6 ) ,
C(7),  0(8)

— The t i n  atom i s  0.1279(2) A from t h i s  p lane  in  th e  d i r e c t i o n  o f  th e  Sn-01(2) v e c t o r .

-0.5514 0.7838 -0.2857 -0.2232 0 1^
-0.0527 -0.3675 -0.9285 2.7408 0 2
-0.9183 0.3932 -0.0468 2.4347 0.0117 3 86.98 [2 ,3 ]
-0.4502 -0.8740 -0.1830 2.9120 0.0011 4 67.39 [1 ,4 ]

0.1215 0.8101 -0.5736 -0.8842 0.0063 5 42.96 [1 .5 ]
48.87 [4 ,5 ]

-0.4127 -0.4401 -0.7975 1.1956 0 6^
-0.8455 0.1747 -0.5046 -2.2318 0 7
-0.1155 -0.9349 -0.3357 3.6317 0.0324 8 84.75 [7 .8 ]

ro
ro

— The t i n  atom i s  0.1257(2) A from t h i s  p lane  in th e  d i r e c t i o n  o f  th e  Sn-01 vec to r .
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TABLE 3

COMPARISON INFRARED DATA FOR THE 1:1 ADDUCTS OF 2,6-DIMETHYLPYRIDINE 

N-OXIDE WITH TIN(II)  AND TIN(IV) CHLORIDES ( IN cm’ b

v(N-O) v(Sn-C)

2 , 6-(CHg)gCgHgN0 1246-

SnCl2 ' 2 , 6-(CHg)2CgHgN0 1181-

[ ( CH3)gSnCl2 •2 , 6- ( CH3 )2C5H3NO] 2 1172 546,

(CgHg)2SnCl2 •2 , 6- ( CH3 )2C5H3NO 1205-

(CH3)3SnCl-2 , 6-(CH3 )2CgH3N0 1200 538-

(CgHg)3SnCl•2 , 6-(CH3 )2CgH3N0 1210^

- R e f .  17.

-  Ref. 18.

- R e f .  3.

-  This work. 

-U npub l ished  r e s u l t s .
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APPENDIX 1

X-ray Data Collec t ion  

Crys ta ls  o f  (^) and (J[^) were trimmed with a razor  blade to  near ly  

spher ica l  shapes [ r a d . :  ( I )  0 .17  mm; (J[^) 0.14 mm] and mounted in n i t r o 

gen-f lushed ,  th in -w a l led  c a p i l l a r y  tubes .  Crystal parameters and some 

d e t a i l s  o f  data c o l lec t ion  are provided in Appendix 2. Final  u n i t - c e l l  

dimensions were obta ined  from the  angular  s e t t i n g s  of  25 w e l l -c en te re d  

r e f l e c t i o n s ,  inc luding Fr iedel  p a i r s ,  in the range 3O°<20<36®. In t e n s i t y  

data were cor rec ted  f o r  Lp e f f e c t s  and decay but  not  fo r  absorpt ion.  

Redundant data were averaged with l e s s  than 1.5% disagreement.

Solution and Refinement o f  the S truc ture  

The pos i t ions  o f  the t i n ,  ch lo r ine  and oxygen atoms were obtained 

from a sharpened Pat ter son map. Subsequent d if fe rence  F our ie r  syntheses 

revea led the loca t ions  of  a l l  atoms,  inc luding  hydrogen, f o r  ( I ) , and a l l  

nonhydrogen atoms f o r  ( ^ ) .  In the f in a l  ref inement c y c l e s ,  a l l  non

hydrogen atoms were r e f in e d  with a n i s o t ro p ic  thermal parameters .  In ( I ) , 

the found hydrogen atoms were r e f in e d  i s o t r o p i c a l l y ,  and in ( H ) , the
O

hydrogen atoms were p laced in  i d e a l i z e d  loca t ions  [d(C-H) = 0.96 A ] ,  but 

not  r e f ined .  In both cases an i n i t i a l  assumption o f  the centrosymmetric,  

t r i c l i n i c  space group PT was shown t o  be c o r re c t  by the successfu l  and 

chemically reasonable s t r u c t u r a l  s o lu t io n s  u l t imate ly  obtained.

All c a lcu la t ions  were performed using a Data General Nova 4 computer 

with programs contained in the N ico le t  l i b r a r i e s  P3, XP and SHELXTL.
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APPENDIX 2

CRYSTAL DATA AND DATA COLLECTION PARAMETERS FOR (CgHgjgSnClg-

2,6-(CHg)gCgHgN0 ( I ) ,  AND (CHg)gSnCl-2,6-

( ^ )  AT 23° C

(I ) ( W

Formula CigHigClgNOSn C^gH^gClNOSn

Space Group PI PT
0

a ,  A 9.359(2) 8.174(2)
b,  A 10.534(2) 9.599(2)

Ç, A 10.996(3) 9.895(3)

a,  deg. 97.46(2) 115.33(2)

6. deg. 114.74(2) 105.50(2)

y. deg. 93.26(2) 81.45(2)
V, Â 968.8(3) 675.7(2)

Z 2 2

dens i ty  ( c a l c d ) ,  g cm~^ 
y, cm’  ̂ (MoKa)

1.60 1.58

16.1 20.7
2e scan range,  deg. 4-50 4-50

d i f f r ac to m e te r Nicole t  R3 N ico le t  R3

data co l l e c t e d +h+k+l +h+k+l

unique da ta  measd 3414 (3609 co l lec ted )  2298 (2437 co l l e c t e d )

unique data used 3102 2207

U l M D l
s td .  r f l n s 3/97 (7% decay) 3/97 (8% decay)

Rp, % 2.53 2.83

V '  ^ 2.28 3.13

GOF 1.61 1.21

highes t  peak, f in a l  d i f f  
map e A-3

0.44 0.82
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APPENDIX 2 ,  c o n t 'd .

mean sh if t /max esd ,  f in a l 0.08 0.04
cycle
da ta /pa ram e te r s ,  f i n a l 10.6/1 17.2/1
cycle
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APPENDIX 3

ATOMIC COORDINATES AND ISOTROPIC THERMAL PARAMETERS FOR ( I )  AND ( I I ) -
'Ki '\A i

Atom X y z
o o

U, A'^

Sn 0.18251(2)

U )

0.23379(2) 0.27358(2) 0.0380(1)

C U D -0.04265(9) 0.08661(8) 0.22456(8) 0.0536(3)

Cl (2) 0.0034(1) 0.39252(8) 0.17062(9) 0.0585(4)

0 0.3205(2) 0.0694(2) 0.3633(2) 0.0407(8)

N 0.2564(4) -0.0457(3) 0.3698(3) 0.039(1)

0(1) 0.2116(3) -0.1430(3) 0.2621(3) 0.043(1)

0(2) 0.1519(4) -0.2614(4) 0.2728(4) 0.051(2)

0(3) 0.1349(5) -0.2802(4) 0.3860(5) 0.061(2)

0(4) 0.1805(5) -0.1786(4) 0.4936(4) 0.057(2)

0(5) 0.2413(4) -0.0597(3) 0.4852(3) 0.045(1)

0(6) 0.2926(6) 0.0532(4) 0.5959(4) 0.062(2)

0(7) 0.2299(5) -0.1166(3) 0.1405(3) 0.057(2)

0(11) 0.2924(3) 0.2252(3) 0.1385(3) 0.041(1)

0(12) 0.4395(4) 0.1815(3) 0.1742(3) 0.054(1)

0(13) 0.5135(5) 0.1830(4) 0.0879(5) 0.068(2)

0(14) 0.4427(5) 0.2274(4) -0.0320(4) 0.074(2)

0(15) 0.2979(6) 0.2708(6) -0.0683(4) 0.080(2)

0(16) 0.2234(4) 0.2698(4) 0.0176(3) 0.062(2)

0(21) 0.2845(3) 0.3434(3) 0.4722(3) 0.039(1)

0(22) 0.1922(4) 0.4046(3) 0.5259(4) 0.049(2)

0(23) 0.2593(5) 0.4747(4) 0.6559(4) 0.059(2)

0(24) 0.4189(5) 0.4853(3) 0.7326(4) 0.059(2)

0(25) 0.5135(5) 0.4270(4) 0.6813(4) 0.064(2)

0(26) 0.4467(4) 0.3559(4) 0.5515(4) 0.056(2)
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APPENDIX 3 ,  c o n t 'd .

Atom X y z
op

U, A'^

Sn 0.22184(3) 0.24047(3) 0.07284(2) 0.0470(1)
Cl 0.0951(2) 0.1091(2) -0.2125(1) 0.0785(6)

0 0.3430(3) 0.3538(3) 0.3438(3) 0.052(1)

N 0.4322(4) 0.2899(3) 0.4374(3) 0.045(1)

c(i) 0.3854(6) 0.3744(5) 0.0455(5) 0.066(2)
C(2) -0.0076(6) 0.3585(7) 0.1284(6) 0.083(3)

C(3) 0.2991(6) 0.0255(4) 0.0875(5) 0.065(2)

C(4) 0.6043(4) 0.2694(4) 0.4528(4) 0.051(2)

C(5) 0.6967(5) 0.2156(5) 0.5591(5) 0.068(2)

C(6) 0.6208(6) 0.1819(5) 0.6478(5) 0.072(2)

C(7) 0.4485(6) 0.2003(5) 0.6276(5) 0.070(2)

C{8) 0.3514(5) 0.2521(4) 0.5209(4) 0.054(2)

C{9) 0.6794(5) 0.3075(5) 0.3537(5) 0.065(2)

C(10) 0.1633(6) 0.2739(6) 0.4904(6) 0.076(2)

-  Estimated standard dev ia t ions  fo r  the  l a s t  d i g i t  in parentheses,
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APPENDIX 4

SELECTED BOND DISTANCES AND ANGLES IN {^) AND ( ^ ) -

U ) ( U )

0
(a) Bond Distances (A)

Sn-Cl (1) 2.366(1) Sn-Cl 2.533(1)

Sn-Cl(2) 2.471(1) Sn-0 2.400(2)

Sn-0 2.296(2) Sn-C(l) 2.125(6)

Sn-C(l l ) 2.218(4) Sn-C(2) 2.119(5)

Sn-C(21) 2.119(3) Sn-C(3) 2.120(4)

0-N 1.346(4) 0-N 1.326(4)

(b) Bond Angles (deg)

Sn-O-N 125.7(2) Sn-O-N 130.6(2)

0-Sn-Cl(2) 172.8(1) 0-Sn-Cl 177.4(1)

0-Sn-Cl(1) 83.9(1) O-Sn-C(l) 88 .1(1)

O-Sn-C(ll) 87.8(1) 0-Sn-C(2) 86.0(2)

0-Sn-C(21) 88.1(1) 0-Sn-C(3) 85 .7(1)

C l(2) -Sn-C l( l ) 88.92(4) Cl-Sn-C(l) 93.7(1)

C l(2) -Sn-C( l l ) 96.0(1) Cl-Sn-C(2) 94.9(1)

Cl(2)-Sn-C(21) 94.9(1) Cl-Sn-C(3) 91.7(1)

C K l) -S n -C ( l l ) 120.2(1) C(l)-Sn-C(2) 114.1(2)

Cl(l )-Sn-C(21) 114.7(1) C(l)-Sn-C(3) 123.1(2)

C( l l)-Sn-C(21) 124.1(1) C(2)-Sn-C(3) 121.8(3)

-  Estimated s tandard  dev ia t ions  f o r  the  l a s t  d i g i t  in paren theses .



APPENDIX 5

MOLECULAR GEOMETRY AND LABELLING DIAGRAM FOR (CgHg)2SnCl2'2,6-(CH^)2CgH^N0 ( I )

C(15)
0(14)

0(25)

ro
w
ro

0(23)

0(24)
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MOLECULAR GEOMETRY AND LABELLING DIAGRAM FOR (CH^)^SnCl'2,6-(CHg)gCgH^N0 ( U )

r oww
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APPENDIX 7

UNIT CELL PACKING DIAGRAM FOR Q )  AS VIEWED ALONG THE a-AXIS

FIGURE 4

UNIT CELL PACKING DIAGRAM FOR ( ^ )  AS VIEWED ALONG THE b-AXIS
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