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Abstract 

Dibutyl~in and dioctyltin esters of ferrocenecarboxylic acid :rod dibutyltin ester of I.l'-ferrocenedicarboxylic acid have been 
synthesized and characterized by IR and NMR (~1t, ~3C, ~°Sn) spectral data. Spectroscopic data suggest that the esters of 
ferrocenecarboxylic acid adopt an oxygen-bridge dimer structure mode. The structure features four anisobidentate bridging carboxylate 
ligands. The ester of I,l'-ferrocenedicarboxylic acid is five-coordinate monomer in solution. 
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I. Introduction 

Organotin carlx~xylic esters have biockhtl activity 
[I-3], Many dialkyltin(IV) carboxylic esters are useful 
thermal stabilizers for PVC plastic [4,5]. In recent years 
ntot+e and more reporls of the synthesis and structural 
elucidation of various organotin carboxylic esters have 
appeared, revealing various new structural possibilities. 
In particular, diorganotin(IV) esters attract considerable 
interest in structural studies because there are many 
possible bonding modes between the oxygen atoms in 
the earboxyl group (COO) and the tin atom. Spectro- 
scopic data, such as IR, NMR and t~gSn-Mbssbauer 
spectroscopy, X-ray cry~!,'dlography, etc., tell us lhat, in 
general, the 1:1 (tin:ligand) complexes show the dicar- 
boxylate tetraorganodis~annoxane structure mode and 
the 1:2 (tin:ligand) complexes have six-coordinate 
trans-skew octahedral structure [6-13]. A special struc- 
ture will be possible if the acid has special structure [9]. 
We have studied a series of dialkyitin esters of fer- 
rocenecarboxylic acids. In this paper we describe the 
synthesis and IR and NMR spectroscopic characteriza- 
tion of three dia!kyltin esters of ferrocenecarboxylic 
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acid or I,l'-fen'ocenedicarboxylic acid and their preo 
sumable structures. 

2. Experimental section 

2. I. Materials and methods 

All reactants were reagent grade. Fen'ocene and 
CHaCOCI were pretreated before use by sublimating 
and distillating respectively. 

Elemental analyses (C and H) were performed on a 
Carlo Erba 1106 elemental analyzer. Infrared spectra 
were recorded as KBr discs on a Perkin-Elmer FI'-IR 
1600 spectrophotometer. The tH, 13C and 119Sn NMR 
spectra were recorded on a JEOL FX90Q spectrometer, 
The chemical shifts were determined relative to external 
standard (CH3)4Si for hil, to internal standard solvents 
for t'~C, and to external standard (n-Bu)4Sn ( -  6.6ppm) 
for t l 'Sn NMR respectively. 

2.2. Synthesis 

Firstly, FcCOOH and Fc(COOH): (Fc = ferrocenyl 
group) were syrthesized from fen'ocene [14-16]. Then, 
the compound {[(n-Bu)2SnOOCFc]20}2 (1) or if(no 
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Oct)zSnOOCFc],O} z (2) was prepared by refluxing Fc- 
COOH and dibutyltin oxide or dioctyitin oxide in I:! 
molar ratio in a dry benzene ethanol mixture (3:1, v / v )  
with azeotropie removal of water [13]. The mixture was 
filtered and the solvent removed. The compound (n- 
Bu)zSn(OOC)zFc (3) was prepared with Fc(COOH) 2 
using the same procedure. All compounds were ob- 
tained as solids. 

3. Results ,rod discussion 

3,1. Physical properties 

Physical data for compounds 1-3 are listed in Table 
1. The obtained compound I is a needle crystal and 2, 3 
are power states. Their solubilities in many organic 
~lvents. such as CCI.,. CHCI~, C6H 6. (CH.~):CO and 
petrolemn ether, are very poor. 

3.2. Analysis of spectroscopies 

3.2.1. IR 
IR data for the three compounds with their parent 

acids together are listed in Table 2. 
A broad O-H absorption band at 2500-3500cm- 

which shows the feature of the hydrogen bonded acids 
is absent in the IR spectra of 1-3, implying the deproto- 
nation and coordination of the carboxyl groups, and the 
additional strong absorptions of alkyl groups prove the 
existence of alkyltin groups. However, the bands of the 
ferrocenyl group apparently do not change from the 
hydrogen bonded acid to the esters 1-3. 

Table 2 indicates that ! - 3  and their parent acids have 
strong bands of ~,(COO),,~ and v(COO)~. ~,(ester) is 
100cm-:  lower than ~(acid),  and ~,~(ester) is higher 
than K(acid). The IR data show the fall in ~,(COO)~ 
into the range of carboxylic metal salts. This generally 
denotes the formation of a bidentate carboxylic complex 

Table I 
Physical data for I. 2 and 3 
Compound ............... Colour M.p. (°C) Component ( % P  

C H 

([(n.Ou)z SnOOCFc]z O)z (t) 
{[(fl.OcO~ SaOOCFc]..O)~ (~) 
(n:BO~Sn(OOC)~Fc (3) 

orange 129.- 130 47.90 (48.52) 5.89 (5.74) 
(~raage 85-,.87 55.27 (5L71)  7,82 (7,40) 
orange > 70 (decomp,) 47.36 (47,57) 5,23 (5.19) 

T~occtlcat value ta bracket~, 

Table 2 
Selected Ig data ~ ( 4 7 0 - 4 0 0 0 c m  t ) for ! 3 , ad  their patcm ,,u:id,~ 

, ~ " ,~ ' ,4Sn O :  S . )  e,(S.~:O) Compound , ~(COO) A ,,, v,(CO0) ~,: 
I ~ C O O H  I¢+7 s += 1232 m . . . . . .  

~(noOu)+S~OOC[~]~O}+ ( I )  I ~4~ s 114 1320 s ~ 94 639 s ~ 
~(,~Oct)~SnOOCFc]~O)~ (3) 1 ~47 s I I0 1323 s - 91 6.16 s .~° 
(n~Bu)~$n(OOC).d:c (3) ISS$ s 120 1337 s - 37 - -  584 m 

a Measured as KBr discs: s. strong; m, medium. 
~' A v, ~ %~(COO)[acid] - ,,~,(COO){ester], 
¢ ~ , ~ -  ¢,(COO~actd] ~ ~(COOXester] .  

Table 3 
'H NMR (6, ppm) data for 1~3 and their parent acids 

Compound 6 (ppm) 

~OOH 

Fertocenyl ~ Sn -R  ~ 

o m Lm ( C H , ) .  Ct l  

470s 4,37s 4,19s 
F ~ { ~ I O ~  4.70 s 4.39 s . . . . . . . . . . . . .  
( |(a~Bu):S.OOCFc]~O}~ ( I )  4,69 s 4,32 s a.16 s ¿,l~2.Z mb 0.99 t 
~(n-Oc0~SnOOCFc]tO} ~ (2) 4.72 ~ 4.36 s 4.22 s l . l - 2 . 4  mh 0.84 ¢ 
(n.Bu)~Sn(OOC)zF¢ (3) 4.84 oo4,35 s == 1,2=2.4 mb 1,00 t 

o, cm&:~oH in substituted Cp ring; m. m¢¢~-H; un, H in unsubstimted Cp ring; g. singlet; q, quartet. 
~ ~ 3, ? f~  Bu, Oct; rob, multiplet b~d ;  t, triplet. 
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Table 4 
J3C NMR (~, ppm) data for I - 3  

Compound 8 (ppm) 

COO Ferrocenyl a Sn-R b 

s o m un 

{[(n-Bu)2SnOOCFc]20} 2 (1) 176.62 74.95 
{[(n-Oct)2SnOOCFc]20} 2 (2) 176.42 75,12 
(n-Bu)2Sn(OOC),Fc (3) 180.18 75.12 

70.44 69.23 27.02(I-3),  13.84(4) 
70.44 69.23 25.63(I), 34.37(2), 29.27(3-5), 31.87(6), 22.65(7), 14.10(8) 

72.44 71.50 ~ 26.26(1-3), 13.58(4) 

a 
s, quaternary carbon; o, m, ortho, meta carbon in substituted Cp ring; un, carbons in unsubstituted Cp ring. 
t z .~ ~ i 2 s 4 .~ 6 7 s 

t, CH2_CH,_CH:_CH3 ' for R = n - Bu; CH2-CH2-CH2-CH2-CH2-CH2-CHz-CH3, for R = n - Oct. 

[10,11]. For 1 and 2, ,an anisodentate, chelating car- 
boxylic group is inferred, while for 3 a bidentate bridg- 
ing carboxylic group. The strong band in the range 
630-650cm ~ i for I and 2 is attributed to v(Sn-O-Sn),  
which indicates the existence of an oxygen-bridge[-Sn- 
0 - ]  2 skeleton [13]. However in 3 there is a middle 
intensity absorption at 684cm- '  designated as a vibra- 
tion about the Sn-O bond. 

3.2.2. NMR 
The chemical shift data from t H and t aC NMR 

spectra ate given in Tables 3 and 4. 
In the I H NMR spectra of I-3,  the proton peaks of 

carboxylic acids disappear and the alkyl group peak 
aplxars, which presents a triplet peak and broad multi- 
plet peak owing to !he terminal CH 3 of the long aikyl 
chain and the (CH:) ,  chain respectively, From the 
integration curves, it is easily seen that the three com- 
pounds are  expected to be 1:1 compounds. ]n addition 
1o the i~sults of elemental analysis data (see Table I), 
all of these data are consistent with ibe suggested 
molecular formation and are in agreement will1 data for 
other organotin esters [ 1 I,I 7]. 

In t H NMR s~etra, the proton peaks of the ferroo 
cenyl group in l and 2 are similar to those in their 
parent acids, but that in 3 becomes a more complex spin 
system with AA'BB' coupling peaks, indicating that the 
peaks of o-lls and m-Hs are close when the cltrboxyl 
groups bond with the tin atom (see Table 5). Because 
two carboxyl groups, which belong to each of two Cp 
rings in the same ferrocenyl group, simultaneously co- 
ordinate to one tin atom, the interaction between the tin 
atom and the Cp rings increases through two carboxyl 
groups. Furthermore, the introduction of the alkyltin 
chain from the same side of the ferrocene leads to a 

"rable 5 
1"he difference m chemic:d shifts between o-H and moll in the 
substituted Cp ring for I - 3  and their parent acids [&(8,,4~ - ~,,,41), 
ppm] 

FcCOOH i 2 Fc(COOH) z 3 

0.33 0.37 0.36 0.31 0.25 

tension between two Cp rings, breaking their parallel, so 
the fen'ocenyl group would be a wedge-shaped struc- 
ture, like many fen'ocenophanes [! 8]. 

In t3C NMR spectra of 1-3, only one COO group 
peak is observed, implying that there is only one type of 
COO group, or some unresolvable CO0 groups or CO0 
groups in dynamic equilibrium in solution at room 
temperature. 

119Sn NMR spectroscopic data are very useful for 
determining the coordination number of tin, its molecu- 
lar geometry and stereochemistry. In the dialkyltin es- 
ters, four-coordinate tin has ~(ttgSn) values ranging 
from about + 200 to - 60ppm, five-coordinate tin from 
- 9 0  to - 190ppm, and six-coordinate tin from - 2 1 0  
to - 400 ppm [ ! 1,19,20]. 

The t L~Sn NMR data for compounds 1 and 2 (see 
Table 6) indicate that two sigmds appear at ~213 to 
-223  ppm, showing that there ate two non-equivalent 
tin atoms in one molecule, and the ¢~(llOSn) values 
suggest that the coor(iirt:ltion number of both tin vtoms 
should be six. So, the structures of the compounds I and 
2 a,e deduced to be as below: 

l;¢ ~'¢. 

% 

o,"~ "R " -c-  ~> / / 
~'C Fc 

In the structure, all of the carboxylate ligands are 

Table 6 
t'~Sn NMR (ft, ppm)data ~ for 1 -3  

Compound 8 (ppm) 

([(n-Bn)2SnOOCFc]20}~. (1) - 217,3, - 222.3 
{[(n.OcI)2SnOOCFc]20)2 (2) - 213.8, - 227.7 
(n.Bu)zSn(OOC)2F¢ (3) - 148.8 

a Relative to (n-Bu)4ttgSn = - 6.6ppm, 
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ani~bidentale and the two tin atoms are in pseudo-six- 
coordination. 

As to compound 3. the ~gSn NMR spectrum shows 
that there is only one type of five-coordinate tin atom. 
This supports the structure in dynamic equilibrium 
shown below: 

~ o , ,  

o~,s c~ c,~cHc. 3 
~ _ J  so(' " "  " 

0 ~ . ~ , /  :i ~ - . . . c d  ° " "  

qilere are Sn-O tr bonds and one weak S n . . - 0  
coordination bond. Because of the special spatial struc- 
ture of ferrocene, the two carboxylic groups cannot 
coordinate equivalently to the tin atom. 

References 

[I] A.G. Dares and P.J. Smith, C, mtprehensive Organometallic 
Ch~'mi.~try. Pergamon Press. Oxlbrd, 1982. pp. 523. 610. 

[2] K.C. Molly, T.G. Ptlre¢ll, K. Quill and l.W. Now¢ll, J. 
Organomet. Chem.. 267 (1984) 237. 

[3] K.C. Molly, T.G. Purcell, E. Hahn, H. Schumann and J.J. 
Zuckerman, Orgam~metalli~:~', 5 (1986) 85. 

[4] Shiguang Lu (ed.), Plastics Additive.~ Handbtu~k, Sino Light 
Industry Press, Beijing, 1986, p. 320 (in Chinese). 

[5] P. Gachter and H. Muller (eds.), Plastics Additives Handbcmk, 
Sino Petroleum Industry Press, Beijing, 1992, p. 196 (Chinese 
transl.). 

[6] H. Puff, !. Bung, E. Friedrichs and A. Jansen, J. Orgunomet. 
Chem.. 23 (1983) 254. 

[7] J.F. Vollano, R.O, Day and R.R. Holmes, Organomemllics. 3 
(1984) 745. 

[8] R. Graziani, G. Bambieri, E. ForseUini, P. Furlen and V. 
Peruzzo, J. Organomet. Chem.. 143 (1977) 125. 

[9] R. Faggiani, J.P. Johnson, I.D. Brown and 1", BirchalL Acta 
Cry,~tallogr., B34 (1978) 3743, 

[10] G. Valle, V. Pertnzzo, G, Tagliavini and P. Ganis, J, Organomer. 
Chem., 276 0984) 325, 

[l l] H.K. Sharma, S. lata, K.K. Shanna, K,C, Molloy and P,C. 
Waterfield, J. Organomet. Chem.. 353 (1988)9. 

[12] V. Chandmsckhar, R.O. Day. J.M. Hohnes and R.R. Holmes, 
buwg. Chem.. 27 (1988)958. 

[13] T. Yano, K. Nakashima. J. Otera and R. Okawara. 
Organometallics. 4 (1985) 1501. 

[14] D.T. Haworth and T. Liu. J. Chem. Educ.. 53 (1976) 730. 
[15] F.W. Knobbch. J. Polym. Sci.. 54 (1961) 655. 
[16] Zhenli Wang, Zhaoheng Du and Meiling Yao. CN 85 IOl&~l A. 
[17] L Hole~:ek, M. N~idvomik, K. Handlir and A. Ly~ka, J. 

Organomet. Chem.. 241 (1983) 177. 
[18] J. Holei~.ek, M. N~idvornik, K. Handlff and A. Lyi~ka, J. 

Organomet. Chem.. 315 (1986) 299. 
[19] N.J. Singletary, M. Hilhnan, H. Dauplaise, A. Kvick and R.C. 

Kerber, Orgam~metallics. 3 (1984) 1427. 
[20] Zhengkun Yu, Shihua Wang. Zhenyun Yang and Xiuwen Han, 

Chin. J. Magn. Re.win.. I1 (1994) 35. 


