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The r eac t i on  of cyclopentadienyI  compounds of t in  (IV) with acids  p roceeds  under  mild  conditions with 
the spli t t ing of the CsH 5 -  Sn bond [1, 2]. T h e r e  is no m o r e  detai led in format ion  on this subject .  For  the 
purpose  of synthes iz ing acy la tes  of cyclopentadienyl t in  and invest igat ing the compara t ive  s tabi l i ty  of the 
CsH 5 -  M bond with r e s p e c t  to ac ido lys i s ,  we studied the reac t ions  of compounds with the gene ra l  fo rmula  
(C~Hs)nSnR4_ n (n = 1 - -  4, R = Alk) with carboxyl ic  ac ids .  

Tr ia lky lcyc topentad ienyl t in  (TACPT) read i ly  r e a c t s  with AcOH and other  organic  acids  at  ~20 ~ The 
cor responding  acy la tes  of t r i a lky l t in  fo rm with a yield of ~100% over  the course  of s e v e r a l  minutes  a c c o r -  
ding to .the r eac t ion  

RaSnCsH5 -b R'COOH --~ R3SnOOCR' q- CsH~ 

The r eac t ion  p roceeds  exo the rmica l ly  and has a shor t  induction per iod.  

The r eac t i on  of d imethyldicyclopentadienyl t in  (DMDCPT) with organic  acids p roceeds  cons iderably  
m o r e  slowly. Even a f t e r  72 h ,  a l a rge  por t ion  of the original  organot in  compound r e m a i n s  unreac ted .  
Af te r  5 days ,  the r eac t i on  mix tu re  cons is t s  mos t ly  of d imethylcyclopentadineyl t in  ace ta te  (DMCPTA) and 
d imethyl t in  d iace ta te  (DMTDA). The la t t e r  can be i so la ted  with a yield of ~100% a f t e r  s to rage  of the r e -  
act ion for  7 days at 20% Here  we have the r eac t ion  

(C~Hs)~Sn(CsHs)~ -? 2CH3COOH --~ (C2H~)~(CsHs)SnOOCCHa § CsH~ -t- 
d- (C~Hs)2Sn(OOCCHa)2 --~ (C2Hs)2Sn(OOCCHa)2 ~ 2C5H6 

Solutions of e thyl t r icyclopentadienyl t in  (ETCVr)  and te t racyc lopentad ienyl t in  (TCPT) in AcOH a r e  
s t i l l  m o r e  s table .  Heating is needed to  comple te  the reac t ion .  

The heating of TCPT with two moles  of AcOH in an iner t  solvent  or  without one yields a compound, 
whose e l emen ta l - ana ly s i s  data co r r e spond  to dicyclopentadienyl t in  d iace ta te  (DCPTDA). However ,  a c -  
cording to  the PMR spec t rum,  the r eac t ion  product  is  a mix tu re  of the mono- ,  d i - ,  and t r i a ce t a t e s  of 
cyclopentadienyl t in  in a 1 : 2 : 1 r a t io .  A product  with the s a m e  c h a r a c t e r i s t i c s  is a l so  produced by the 
following r eac t ions :  

(CsH~)~SnCI 2 + 2 (C2Hs)~SnOOCCH3 -~ (CsHs)_,Sn(OOCCH3)~ + 
-4- 2 (C~Hs)aSnC1 

CI2Sn(OOCCHa)~ -? 2 CsHsT1 -+ (CsHs)~Sn(OOCCHa) 2 4- 2 T1Cl 

It is ve ry  l ikely that  the following equi l ibr ium p r o c e s s e s  involving the exchange of cyclopentadienyl  groups  
and acyl  r e s idues  p roceed  in DCI=O?DA, in any case  in solution: 

2 (C~Hs)~Sn(OOCCHa)~ ~ C~HsSn(0OCCHa)3 + (CsHs)3SnOOCCH~ 

An analogous equi I ibr ium has  r ecen t ly  been  desc r ibed  for  bis  (thiophenolato)dieyetopentadienyltin [3]. 

The  high r e s i s t a n c e  of TCPT to the act ion of organic  acids makes  it poss ib le  to use  this r eac t ion  
for  the synthes is  of cyclopentadienyl t in  t r i acy la t e s  [4], i . e . ,  
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(CsHa)~Sn q- 3 BCOOH --~ CsHsSn(OOCR)a q- 3 CsH 6 

For the synthesis of derivatives of the higher carboxylic acids, it is wise to employ the reacidifieatien 
r eac t ion  

C~HsSn(0OCC~HT-i)~ @ 3 CnH23C00H ~ C~H~Sn(00CCnH23)3 @ 
+ 3 i-C~HTC00H 

The compie te  ac ido lys i s  of T C P T  b y  organic  acids  occurs  only following the proIonged boiling of a solu-  
t ion of T C l r r  in an excess  of the acid accord ing  to the r eac t ion  

(C~Hs)~Sn -c 4 t lC00H ~ Sn(0OCB)4 + 4C5H6 

The data obtained show that  the succes s ive  r e p l a c e m e n t  of the alkyl  groups in TACPT by e lec t ron  
- -  accep to r  acyl  r e s idues  r e su l t s  in a significant  i nc r ea se  in the s t rength  of the CsH s -  Sn bond with r e sp ec t  
to  ac ido lys t s .  A s i m i l a r  effect  is caused by the r ep Iacemen t  of the alkyl  groups by cyclopentadienyl  groups .  
The s t rength  of the CsH s -  Sn bond with r e s p e c t  to the act ion of organic acids i n c r e a s e s  along the s e r i e s  
R3SnCsH 5 < R2Sn(CsH~) 2 < RSn(CsH5) a -< Sn(CsH~) 4. 

According to [5, 6], a characteristic feature of the electronic structure of compounds with the general 
formula CsH51VIR3 (M = Si, Ge, Sn) is the pronounced hyperconjugation (~-~ conjugation) of the C -- M bond 
with the diene system of the ring. This is manifested as a significant decrease in the first ionization po- 
tential, as well as the appearance of an effective positive charge on the metal atom and a negative charge 
on the C atoms of the cyclopentadienyl ring. This effect is most clearly displayed in the case of tin com- 
pounds. It also determines a very interesting feature of these compounds, viz., the ability to undergo 
rapid dege~aerate intramolecular C -- C metallotropic rearrangements [5-7]. Thus the hl-cyclopentadienyl 
radical acts an electron-acceptor group with respect to the R3Sn radical. The value of the total effective 
negative charge on the C atoms of the ring is, in the final analysis, the factor which determines the aci- 
dolysis rate. This charge obviously decreases regularly along the series cited above from TACPT to 
TCPT, and this series, therefore, finds a logical explanation. 

In the PMR spectra of compounds with the general formula (C5Hs)nSnR4_ n the sigmals of the protons 
of the cyclopentadientyl ring appear in the form of sharp singlets in the 6.0-ppm region, and the satellites, 
which are caused by the spin-- spin interaction between the protons of the ring and the liTSn and llgsn mag- 
netic isoto~)es, are retained. This fact indicates that there are intramolecular metallotropic rearrange- 
ments which are fast in the NM:R time scale at ~20 ~ The averaged signals of the eyclopentadienyl ring 
are shifted regularly in the weak-field direction as we go from TACPT to TCPT and as the number of acyl 
residues o:a the tin atom is increased. This serves as additional evidence for the changes indicated above 
in the effective negative charge o11 the C atoms of the cyclopentadienyl ring. 

E X P E R I M E N T A L  M E T H O D  

The 3riginal a lkylcyclopentadienyl t in  compounds R3SnCsH~, R2Sn(CsHs)2, and TClYr were  synthesized 
accord ing  ~:o [1]. Methyl t r icyclopentadienyl t in  (MTCPT) was obtained in the fo rm of a yel low solid with an 
mp of 45-46 ~ a f t e r  vacuum subl imat ion  at 7 -10  -4 m m  Hg and 90 ~ Found: C, 58.44; H, 5.5I;  Sn, 36.17%. 
CI~HIsSn. Calculated:  C, 58.41; H, 5.47; Sn, 36.12%. Tr i -n -p ropy lcyc lopen tad teny l t in  ( T P C P T ) w a s  
obtained by reac t ing  d i e thy lamino t r i -n -p ropy l t i n  with cyclopentadiene according  to the method for  the syn- 
thes i s  of t r imethylcyclopentadienyl t in .  The yield was 72% and the bp 99-100 ~ (1 mm) .  Found: C, 53.81; 
H, 8.41; Sn, 37.88%. ClcH2~Sn. Calculated:  C, 53.72; H, 8.32; Sn, 37.96%. The exper imen t s  were  
c a r r i e d  ou,: in an a t m o s p h e r e  of d ry  argon.  The cour se  of the reac t ions  and the composi t ion  of the mix-  
t u r e s  fo rmed  were  moni tored  by col lect ing s amp le s  with the aid of PMR. The PM:R spec t r a  were  r eco rded  
on a Var iaa  T-60  s p e c t r o m e t e r  in CCI~ at  20 ~ with the use  of TMS as  an in terna l  s tandard .  

Reac t ion  of Alkytcyclopentadienyl t in  Compounds with Acids.  a) The addit ion of 0.57 g (0.095 mole 
+ a 10% excess)  of AcOH to 2.971 g (0.095 mole) of T P C P T  produced two sa l t s ,  and a solution of a light 
yel low color  appea red  a f t e r  3-4 min.  An exo the rmic  reac t ion  took place a f t e r  10 rain, and the mix ture  
c rys t a l l i zed  comple te ly .  After  the r e m o v a l  of the volat i le  products  in a vacuum, 2.914 g Ca quanti tat ive 
yield) of t r l - n - p r o p y l t i n  ace ta te  [7] with an mp of 82 ~ (from hexane) were  obtained. The r eac t ion  between 
2.767 g (0.08 moIe) of t r i -n -bu ty lcyc lopen tad ieny l t in  and 0.468 g (0.08 mole  + a 10% excess )  of A c O h  
occu r r ed  ia a s i m i l a r  manner .  The yield of t r i - n -bu ty l t i n  ace ta te  was 2.72, and i ts  mp was 84-85 ~ (from 
hexane) .  A mixed sample  with the compound obtained by an  independent method did not d isplay  any melt ing 
point dep res s ion .  
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The reac t ions  between d imethy l - ,  d ie thyl- ,  methy l - ,  and e thyl - t r icyc lopentad ienyl t in  with AcOH 
were  c a r r i e d  out in a S imi la r  manner .  In the case  of DMDCPT, dimethyl t in  d iaceta te  [8] with an  mp of 
66-67 ~ was obtained in a ~100% yield.  

React ion  of Te t racyc lopen tad ieny l t in  with Acids (1:2):  a) A solut ion of 1.512 g (0.0252 mole) of 
AcOH in 10 ml CC14 was added dropwise  over  the course  of 30 min with s t i r r i ng  to a solution of 4.772 g 
(0.0126 mole) of T C P T  in 20 ml  of absolute  CC14 heated to boiling. The mix ture  was boiled for  2 h, and 
the solvent  and the cyclopentadiene fo rmed  as a r e su l t  of the r eac t i on  were  vacuum dist i l led at ~20 ~ The 
r e s idue  yielded 3.90 g (84.4~,~) of a c rys ta l l ine  yel low powder with an mp of 85-86 ~ (from hexane). Found: 
C, 45.74; H, 4.37; Sn, 32.28%, CI4H1604Sn. Calculated:  C, 45.81; H, 4.36; Sn, 32.28%. According to 
the PM1R s p e c t r u m ,  the r eac t i on  product  is p robab ly  a mix ture  of t h ree  compounds,  viz . ,  the ace ta tes  of 
mono- ,  d i - ,  and t r icyc lopentad tenyl t in  in a 1 : 2 : 1  ra t io .  

b) The s a m e  r e s u l t  was obtained by gradual ly  adding 2.376 g (0.0270 mole) i sobutyr ic  acid to a so lu-  
t ion of 5.112 g (0.0135 mole) of T C P T  in 15 ml of CC14 heated to boiling. The r e m o v a l  of the volati le c o m -  
pounds in a vacuum and the maintenance of the res idue  at 3 "10 -3 m m  Hg to constant  weight yielded an 
orange oil, which, according  to the PM~ spec t rum,  is a mix tu re  of the mono- ,  d i - ,  and t r i i sobu ty ra t e s  
of cyclopentadienylt in.  The composi t ion  of the reac t ion  product  r ema ined  unchanged following a twofold 
mo lecu l a r  d is t i l la t ion  in a vacuum of 3 �9 10 -3 m m  Hg at a bath t e m p e r a t u r e  of 130-140 ~ The s a m e  product  
was obtained by adding 5.205 g (0.01375 mole) of TCPT in 10 ml of CC14 to a solution of 2.4193 g (0.0275 
mole) of i sobu tyr ic  acid in 5 ml of CCI~ heated to boiling or by heating s to ich lomet r i c  amounts  of TCPT 
and i sobutyr ic  acid without a solvent  in a wa te r  bath.  

React ion  of DicyclopentadienyI t in  Dichlor ide with Tr ie thy l  Tin  Aceta te .  Dicyclopentadienyl t in  di-  
chlor ide  ,:DCPTDC) was obta inedby gradual ly  adding 3.65 g (0.014 mole) of SnC14 in 10 ml of CCI~ to a 
solut ion of 5.302 g (0.014 mole) of T C P T  in 15 ml  of CC14 at 5 =. On the next day the solution was f i l tered 
to r e m o v e  the sma l l  amount  of p rec ip i ta te ,  and the f i l t ra te  was evapora ted  in a vacuum.  The product  
contained 7.17 g (80%) of DCI=q?DC in the f o r m  of a light yel low powder with an mp of 42-43 ~ (from hexane,  
in a sea led  capi l la ry) .  Found: C, 37.38; H, 3.19; C1, 22.27; Sn, 37.21S~. C10}Ii0C12Sn. Calculated:  C, 
37.53; H, 3.13; C1, 22.21; Sn, 37.137~. The product  DCPTDC is highly soluble in dioxane, CHCI~;, and 
CC14, d isso lved  in hexane or pe t ro l eum e ther  with heating, and is modera te ly  soluble in pyridine and e ther .  
Dicyclopentadienyl t in  d ibromide  0DCPTDB) was obtained in a s i m i l a r  manner  with a 7 .48-g (78.9%) yield 
(from 4.393 g of T C P T  and 5.09 g of SnBr~) and an mp of 45-46 = (in a sea led  capi l la ry) .  Found: C, 29.28; 
H, 2.37; Br ,  39.07; Sn, 29.36%. C~0H10Br2Sn. Calculated:  C, 29.37; H, 2.45; Br ,  39.13; Sn, 29.04%. 
The product  DCPTDB d i sso lves  well in the common organic  solvents  except cold hexane and pe t ro l eum 
e the r .  

A solut ion of 4.619 g (0.0113 mole) of DCPTDC in 15 ml of absolute  benzene was added dropwlse  
with s t i r r i ng  to a suspens ion  of 5.981 g (0.0226 mole) of t r ie thyl  t in  ace ta te  in 50 ml of absolute  hexane.  
Af te r  the r eac tan t s  we re  mixed,  a t r a n s p a r e n t  solution containing a sma l l  amount of p rec ip i ta te  fo rmed .  
The prec ip i ta te  was f i l te red  off, and the f i l t ra te  was evapora ted  in a vacuum.  The res idue  contained a 
mix ture  of a liquid and c r y s t a l s .  The product  consis ted of 3.1 g (74.8%) of a light yel low crys ta l l ine  c o m - ,  
pound with an mp of 85-86 ~ (from hexane).  The compound d i sso lves  well  in AcOH, dioxane, CHC13, ben-  
zene, toluene,  THF,  and pyr id ine  and modera t e ly  in CC14 and e ther .  The compound is modera te ly  soluble 
in hexane and p e t r o l e u m  e ther  even upon heating.  Found: C, 45.73; H, 4.30; Sn, 32.34%. C14H1604Sn. 
Calcula ted:  C, 45.81; H, 4.36; Sn, 32.38%. According to  the PMR s p e c t r u m ,  the reac t ion  product  is 
p robab ly  a mix tu re  of t h r ee  compounds,  viz. ,  the ace ta tes  of mono- ,  d i - ,  and t r icyclopentadienyl t in  in a 
1 : 2 : 1  ra t io .  

Reac t ion  of Tin  Dichlor ide  Diace ta te  with Cyclopentadienyl thal l ium. A solution of 4.922 g (0.016 
mole) of t in  dichlor ide  d iace ta te  in 20 ml  of THF was added dropwise  over  the course  of 1 h a t  - -10 ~ with 
v igorous  s t i r r i ng  to  a suspens ion  of 8.672 g (0.032 mole) of cyelopentadientyl thal l ium in 30 ml  of absolute  
THF.  The mix tu re  was s t i r r e d  at ~20 ~ for  2 h, and the T1C1 prec ip i ta te  was f i l te red,  washed with e ther ,  
and dr ied .  The yield was 7.66 g (~100%). The solvents  were  evapora ted  f r o m  the f i l t ra te  in a vacuum. 
The res idue  was a light yel low powder with an mp of 85-86 ~ (from hexane).  The solubil i ty of the compound 
was the s a m e  as that  for  the product  obtained in the preceding  exper imen t .  Found: C, 46.00; H, 4.39; 
Sn, 32.37%. According to the PlVlR spec t rum,  the reac t ion  product  is  p robably  a mix ture  of th ree  com-  
pounds, viz. ,  the mono- ,  d i - ,  and t r i a c e t a t e s  of cyclopentadienyl t in  in a 1 : 2 : 1  ra t io .  

Cyclopentadienyl t in  Tr ip rop iona te .  A mix ture  of 10.35 g (0.0273 mole) of T C P T  and 6.073 g (0.0819 
mole  + a 5% excess )  C2HsCOOH was heated for  20 min at  85-90 ~ The excess  acid and the cyelopentadiene 
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fo rmed  as ~ r e s u l t  of the r eac t ion  w e r e  d r iven  off in a vacuum, and the r e s idue  was purif ied by dis t i l la t ion.  
The product  contained 10.29 g (93.2%) of cyclopentadienyl t in  t r ip rop iona te  in the f o r m  of a light yel low 
liquid w i t h a b p  of 130-140 ~ (bath t e m p e r a t u r e )  (8 "10 -4 m m  H g). Found: C, 41.64; H, 4.94; Sn, 29.27%. 
Ci4H200~Sn. Calculated:  C, 41.72; H, 4.99; Sn, 29.46%. 

Cyclopentadienyl t in  T r i i s o b u t y r a t e .  This  compound was obtained in analogy to the preceding  com-  
pound. The: yield was 94.5%, and the bp was 120 ~ {bath t e m p e r a t u r e  (3-10 -3 ram). Found: C, 46.01; H, 
5.73; Sn, 26.76%. CiTH2606Sn. Calcula ted:  C, 45.95; H, 5.89; Sn, 26.67%. 

Cyclopentadienyl t in  T r i l a u r a t e .  A mix tu re  of 1.512 g (0.034 mole) of cyclopentadienyl t in  t r i i s o -  
bu ty ra t e  and 2 . 0 4 g  (0.0102 mole) of l au r i c  acid was heated in 25 ml  of absolute  benzene for  1 h. The ben-  
zene and the i sobutyr ic  acid fo rmed as  a r e su l t  of the r eac t i on  were  d r iven  off in a vacuum (1 mm),  and 
the r e s idue  was mainta ined under  a vacuum of 8 �9 10 -3 m m  Hg to constant  weight. The product  contained 
2.655 g (~1~)0%) of cyclopentadienyl t in  t r i l a u r a t e  in the f o r m  of a waxy yellow compound. Found: C, 63.18; 
H, 9.61; Sn, 15.34%. C4iH74OeSn. Calcula ted:  C, 63.00; H, 9.49; Sn, 15.18%. 

T in  T e t r a a c e t a t e .  A mix tu re  of 2.03 g (0.0053 mole) of T C P T  and 1.4 g (0.0212 mole  + a 10% excess)  
of AcOH was heated in a wa te r  bath,  the cyclopentadiene evolved was col lected in a d ry  ice t r ap ,  and then 
the mix tu re  was boiled for  30 rain. When cooled to ~20 ~ the contents of the f lask  c rys t a l l i zed  complete ly .  
Two r e c r y s t a l l i z a t i o n s  f rom AcOH yielded 1.336 g (71%) t in  t e t r a a c e t a t e  with an  mp of 238-239 ~ (in a 
sea led  capi::lary). A mixed sample  with the compound obtained as p rev ious ly  desc r ibed  in [9] did not show 
any mel t ing point dep res s ion .  Found: C, 26.96; H, 3.41; Sn, 33.54%. CsH12OsSn. Calculated:  C, 27.07; 
H, 3.38; Sn, 33.47%. 

T in  T e t r a i s o b u t y r a t e .  In an  analogous manner  t in t e t r a i s o b u t y r a t e  was obtained f r o m  3.56 g (0.0094 
mole)  of TClXr and 3.64 g (0.0376 + a 10% excess )  of i sobutyr ic  ac id .  The yield was 3.31 g (75.4%) and the 
bp was 115-.116 ~ (in a sea led  capi l la ry) .  A mixed sample  mel t s  without any depres s ion .  Found: C, 41.11; 
H, 6.08; Sn, 25.39%. CIeH28OsSn. Calcula ted:  C, 41.13; H, 6.00; Sn, 25.43%. 

C ONC L U S ! O N S  

1. Tile s t reng th  of the CsH 5 --  Sn bond with r e spec t  to ac ido lys i s  by carboxyt ic  acid i n c r e a s e s  along 
the s e r i e s  R3SnCsH 5 < R2Sn(CsHs)2 < RSn(CsHs) 3 -< (CsHs)4Sn (R = Alk) in a g r e e m e n t  with the d e c r e a s e  in the 
effect ive  negat ive cha rge  in the r ing and the deg ree  of ~-~ conjugation be tween  the C --  Sn bond and the 
diene s y s t e m  of the cyclopentadienyl  r ing .  

2. D~:cyclopentadienyltin d iacyla tes  undergo reac t ions  involving the exchange of pentadienyl groups  
and acyl  re~ idues  and the fo rmat ion  of a mix tu re  of mono- ,  d i - ,  and t r ieyc lopentadienyl t in  acy la t e s .  

3. The ac ido lys i s  of t e t racyc loper~adienyl t in  by carboxyl ic  acids  may  be used as  a p r e p a r a t i v e  
method for  the syn thes i s  of cyelopentadienyl  t r i a c y l a t e s .  
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