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用三丁基氯化锡与 3�吲哚乙酸钠反应, 合成 3�吲哚乙酸基三丁基锡, 经元素分析、IR、1H NM R 和 X�晶

体衍射测定了其晶体结构, 属于单斜晶系, P 21/ n 空间群, a = 13. 1361( 4) , b= 10. 266( 2) , c= 17. 299( 5) � ,

�= 98. 48( 3) �, 中心锡原子具有五配位三角双锥结构。

关键词: 晶体结构 三丁基锡 3�吲哚乙酸根 线性结构

分类号: O614. 37

Synthesis and X�Ray Crystal Structure of a Linear Polymeric

Tri�n�Butyltin 3�Indolylacetate
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T he complex ( n�C4H9 ) 3 SnO2CCH2R ( R= 3�indoly l) w as prepared by react ion of ( n�C4H9 ) 3 SnCl

w it h sodium 3�indoly lacet ate in benzene. I t has been determined by IR、
1
H NM R、element al analyses

and X�ray st ructural ana lyses . The crystals are monoclinic , space group P 21 / n , w it h a = 13. 1361

( 4) , b= 10. 266( 2) , c = 17. 299( 5) � , and �= 98. 48( 3) �. In t he crystal the t in at oms are rendered

five�coordinate in a t rigonal bipyramida l struct ure by coordina ting w it h 3�indolyacet ate groups. The

resulting structure is a linear polym er cont aining tw o different Sn - O bond leng ths o f 2. 194( 3) and

2. 522( 3) � .
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0 Introduction

T he st udy of organo tin ( IV) carboxylates is of cur rent inte rest ow ing to their w ide range o f ap�

plicat ion such as biocides and hom ogenous catalysts in indust ry
[ 1 ~ 4 ] . More recently , pharm aceutica l

propert ies o f organotin ( IV ) carboxy lates have been investiga ted fo r t heir ant itumour act iv it y
[ 5 ~ 6 ] .

Crystallog raphic studies have revealed that organo tin carboxy lates adopt struct ures w hich are
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dependent on both t he na ture o f the ally l ( o r aryl ) subst it uent bound t o the t in atom and on t he t ype

o f carboxy late ligand
[ 7 ~ 8 ]

. Several crystal st ructural dat a of tr io rganot in carboxy lat es ( R 3 SnO 2R ') are

available[ 9 ~ 12 ] , in these complexes t he t in atom w as confirmed four�or f ive�coordinate due to t he in�

fluence o f R or R ' g roup
[ 10 ~ 13]

. We repor t here t he synthesis, spectroscopic and cryst al struct ure

character izat ion of tri�n�but yltin 3�indo ly lacetate , ( n�C4H9 ) 3 SnO 2CCH 2R ( R= 3�indoly l) as it is o f

interest t o determine whet her t he presence of t he nitrogen atom w hich is an addit ional pot ential donor

at om on the R group and a large bulky 3�indolyl aceta te ligand have any inf luence on t he geometry of

t in .

1 Experimental

1�1 Gerenal procedures

All reaction w as car ried out under nit rogen atmosphere w it h use of st andard S chlenk t echniques .

T he so lvents w ere dist illed under nitrogen from sodium and benzophenone imm ediat ely before use . IR

spectrawere recorded w it h a Nico let�5DX spect ropho tom eter , samples were prepared as KBr discs . 1H

NM R spect ra w ere recorded on Jeo l 90Q NM R spect rometer , chemical shift s are g iven in ppm relative

to M e4 Si in CDCl3 solvent . Elem ental ana lyses w ere per fo rmed w ith a Yanaca M T�3 apparatus. T in

w as estim ated as SnO 2 .

1. 2 Synthesis of tri�n�butylt in ( IV) 3�indolylacetate

T ri�n�butyltin chlor ide ( 0. 43g , 1mmol ) , sodium 3�indo ly lace tate ( 0. 22g , 1. 1mmol ) , and 10

mL benzene w ere stirred f or 15h at 30 � . T he sodium w as filt ered w hile it w as st ill hot . Solvent

w as gradually rem oved by vaporation under vacuum until solid product w as obta ined . The so lid w as

t hen recrystallized f rom acetone�hexane . Co lour less needle�shaped cryst als were fo rm ed. Yield 0. 44g

( 94% ) , M . P . 53 ~ 54 � . Anal . Found : C , 57. 05; H , 7. 72; N , 3. 06; Sn , 25. 63. Calc . For

C22H35NO 2 Sn : C , 56. 92; H , 7. 60; N , 3. 02; S n, 25. 57. IR ( KBr ) : �( COO a sym ) 1576 ; �

( COO sym ) 1398; �( Sn - O ) 457; �( Sn - C) 543 cm� 1 . 1H NMR ( CDCl3 ) : �0. 80~ 1. 6 ( m , 27H ,

C4H 9 ) ; 3. 76 ( s , 2H , Ar- CH2 - ) ; 7. 04~ 7. 66 ( m , 5H , Ar- H ) ; 8. 10 ( s ,
1
H , N - H ) .

( Ar = 3�indo ly l) .

1. 3 Crystal structure determination

Intensity dat a for a crystal w it h dimension 0. 2 � 0. 3 � 0. 4 mm
3

w ere measured at 299K on a

Enraf�Nonius CAD 4F dif fract omet er fitted w it h g raphite monochromato r Mo K �radiation , � =

0. 71073 � . T he � / 2�scan technique w as employed to measure a to tal of 3620 reflect ion up to a

m ax imum Bragg ang le of 23�. Correction w ere applied fo r Lorent z and po lar izat ion effects but not

fo r abso rption , The 2559 out o f t he 3336 independent re flect ion ( R i n t = 0. 018) satisfy ing t he I �3�

( I ) cr it erion o f observability w ere used for the solut ion and refinement . The structure w as so lved

by using direct methods and refined by a f ull�mat rix least squares procedure based on F
2

using t he

T EXSAN program system . All non�H atom s were refined w ith anisot ropic thermal parameters and

hydrogen at oms w ere included in the model at their calculat ed positions . T he w eighted residual is

defined as R � = �� ( | F 0 | � | F c | )
2
. F inal residuals R and R � w ere 0. 037 and 0. 045 respective�

ly . The f inal diffe rence m ap had peaks bet ween - 0. 61 and 0. 57 e � � - 3
only .
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T he crystal dat a and re finem ent det ails are g iven in Table 1. Bond lengt hs and ang les in Table

2 and fract ional at om ic coordinates and their isotropic equivalent displacement paramet ers are listed

in T able 3.

2 Result and discussion

T he labeling o f the atoms is show n in Fig . 1, w hich displays t he molecule as it appears in

project ion dow n the c ax is . F ig . 2 shows t he packing o f the molecules in the unit cell as seen in

project ion on t he bc plane .

T ri�n�buty lt in 3�indo ly lace tate possesses an unequivoca lly polymer ic struct ure . E ach tin a tom is

rendered five�coordinat e by coordinat ion o f the � free� oxygen of 3�indo lyacetat e group from an adja�

cent m olecule . The coordination at the t in atom is tr igonal bipyram idal, sur rounded ax ially by t wo

oxygen atoms and equato rial by the ��carbon atoms of the n �buty l g roups . T he tin is ax is sw ings

t hrough 60�w ith every 3�indolylaceta te br idge . T his eff ect is clear ly seen in Fig . 2. T hus , t he

struct ure is similar to the compound ( C 6H 5CH 2 ) 3 SnO 2 CCH 3
[ 9 ] .

T he mean Sn�C dist ance o f 2. 146� is short er than the average bond dist ance ( 2. 17� ) found in

t ribenzy lt in acet ate
[ 9 ] , and t he sum of the covalent radii ( 2. 17� ) [14] . The intramolecular Sn( 1) - - O( 1)

bond lengt h of 2. 194 � is longer t han that in ( C6H5CH2 ) 3 SnO 2CCH 3( 2. 14 � ) [ 9 ] , ( C6H11 ) 3 SnO 2CCH3

( 2. 142 � ) [ 10 ]
, and in agreem ent w ith value o f 2. 185 � found fo r Me3 SnO 2CC5H 4N �H 2O

[ 11 ]
. T he

intermolecular Sn ( 1) - O ( 2a ) distance of 2. 522 � is shor ter than that in ( C6H5CH2 )

SnO 2CCH 3 ( 2. 65� ) , but is longer than that in M e3 SnO 2CC5H 4N � H2O ( 2. 43 � ) . T he C�O bond

lengt h fo r the strong ly coordinat ing oxygen at oms O ( 1) , O( 2) of 1. 24 � , 1. 28 � is also in good a�

greement with t he value of 1. 24 � , 1. 31 � found fo r ( C6H 5CH 2 ) 3 SnO 2CCH 3 .

Fig. 1 Molecular s t ructu re of t ri�n�butyl t in

3�indolylacetate, show ing atom ic numbering

Fig. 2 Project ion of the unit cell on the bc plane
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T he disto rt ions from true tr igonal bipyramidal symm etry are reflected in t he interatom ic ang les .

T he ang les o f O ( 1) - Sn ( 1) - C( 1) ( 95. 5�) , O ( 1) - Sn( 1) - C ( 5) ( 100. 1�) , O ( 1) - Sn ( 1) - C( 9)

( 90. 2�) are g reater t han 90�; In cont rast , all ang les of O ( 2a ) - Sn ( 1) - C ( 1) ( 85. 8�) , O ( 2a ) - Sn

( 1) �C ( 5) ( 85. 0�) , O ( 2a ) - Sn ( 1) - C( 9) ( 83. 2�) are less t han 90�; So on t he side o f t he in�

t ram olecular Sn- O bond{ Sn- O( 1) } t he n�buty l group is m oved aw ay from the bulk of t he acet ate

g roup; Par ticular ly from t he ster ically large indo ly l g roup. The ang le of O ( 1) - S n( 1) - O( 2a )

( 172. 9�) is large r t han that o f ( 168�) in com plex ( C6H5CH2 ) 3 SnO 2CCH3 , but is less than t he mean

value o f 174. 6�in compound Me 3 SnO 2CC5H4N � H2O
[ 9 ]
, t his shows t hat t he atoms O( 1) , Sn( 1)

and O ( 2a ) are near ly linear . The angles of O( 1) - C( 21) - O( 2) ( 121. 7�) , C( 1) - Sn ( 1) - C ( 5)

( 121. 7�) , C ( 1) - Sn ( 1) - C ( 9) ( 117. 9�) and C ( 5) - Sn ( 1) - C ( 9) ( 117. 9�) consist ent w ith t hat

o f in the literature of the M e3 SnO 2CC5H 4N � H2O.

T he m ost int eresting aspect of t he st ructure concerns the non�coordinat ion o f the nitrogen atom of

indo ly lacetate ligand . As can be seen from Fig . 1, t he nitrogen atom is directed aw ay from the t in

at om . Furt herm ore, the nit rogen atom does no t coordina ted to t in at om in the crystal lat tice. This is

different from t he compound{ [
nBu2Sn( O 2CC5H4N) ] 2O} 2 in w hich the nit rogen at om in pyr idy l g roup can

coordinate to Sn atom [ 15 ] .

T he assignment of IR bands o f this complex has been m ade by compar ison w it h the IR spect rum

of sodium 3�indoly lacetat e, IR spect ral data o f t he title compound a lso im ply the presence of bidentate

in carboxylate groups, w ith ��[ �( COO) asym - �( COO) sym ] of 187 cm
- 1
, t his is 47 cm

- 1
low er than

t hat o f sodium salt of the ligand ( ��� 234 cm - 1 ) . So in t he com plex t he tw o oxygen atoms do no t

chelate the same Sn at om
[ 16 ]

.

T he 1H NMR spect rum show s the expect ed integ ration and peak m ut iplicit ies . T he tr i� n�buty lt in

compound exhibits resonance in t he 0. 8~ 1. 6 ppm reg ion . Signals for the ot her groups, such as in�

dolyl H appear at t he same positions as in the ligand.

3 Supplementary material

T ables o f atomic posit ional and therm al paramet ers , full list of bond dist ances and ang les , and

lists o f observed and ca lculat ed structure f actor s are available from the aut hors on request .
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