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AKstract 

A series of tin(IV) and organotin(IV) hydridotris(4--bromo-i H.pyrazol.l.yl)borates has been prepared. The compounds of general 
formula R,,SnCI,,_,,_ i[HB(4-Br-pz).~] (where R == Me or Ph, n - 0 ,  I, 2, or 3) are rigid in solution and contain a six-coordinate tin(IV) 
site with a tridentate ligand. They were characterised by IR, SH, '3C, t~gSn NMR, and ~SgSn MiSssbauer spectroscopy. Their stability 
towards self-decomposition decreases with increasing number of Sn-bonded aryl or alkyl groups. The compound MeCi2Sn[HB(4-Br-pz)~] 
crystallises in the space group R3 (no. 148). trigonal, with a -- 35.520(2). b m 35.520(2), and c - 8.688(1)~. ' y -  120 °. 

Key~,,ords: Boron; Tin; Pyrazolylborates; X-ray; MtSssbauer 

I. Introduction 

Polypyrazolylborates, despite their discovery which 
dates to about 30 years ago. continue to play an impor- 
tant role in modem coordination chemistry [1]. 

Since their introduction, extensive investigations on 
(organo)tin(IV) polypyrazolylborates [2-13] have been 
performed. 

In particular, the use of tris(pyrazolyl)borato ligands 
has become increasingly popular in synthetic inorganic 
and bio-inorganic chemistry [14], in that they resemble 
the imidazole coordination in models for active sites of 
metalio-enzymes [15]. Examples can be found in the 
study of intramolecular electron-transfer processes [I 6], 
or derivatives which exhibit either photochemical reac- 
tivity or alkane activation [17]. Organotin(IV) 
poly(pyrazolyl)borates have been studied for their po- 
tential biological activity [! 8]. Increasing interest in this 
field is due to a recent paper on antimutagenic activity 
of organotin(IV) chelates with tpyrazolyl)borates [19]. 

' Corresponding author. 

Within the various polypyrazolylborato ligands (indi- 
cated here as Tp ~) so far investigated, the one display- 
ing an electron withdrawing suhstituent in position 4 of 
the pyrazole ring, namely hydridotris(IHo4=Br-pyrazob 
I.yl)borate Tp 4n~, has not been examined in connection 
with (organo)tin(IV) species, nor in general other such 
ligands with electronegative substimcnts. 

Among the complexes containing the tin moiety 
R,,SnCI4-,,-t linked to variously substituted Tp*' lig- 
ands (Fig. 1)o the cases of triorganotin derivatives have 
rarely been explored [6,20] since the first reports on the 
crystal structure [20] and "C and Sn NMR investiga- 
tion [21] of the somewhat elusive Me~Sn. Tp. 

It is therefore interesting to compare the results with 
those previously obtained with Tp* (Tp # =~ Tp, Tp "ca, 
Tp 4~', Tp 4s*', Tp" M~.) to ascertain the effect of the 4-Br 
substituent. 

2. Results and discussion 

The ligand has been obtained through reaction of 
KBH4 in molten 4-Br-pyrazole, essentially following 
the procedures of Trofimenko for other tris(pyra- 
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Ligand X Y Z 
Tp H H H 
Tp 3Me H H Me 
Tp 4Me H Me H 
Tp* Me H Me 
Tp 'Me Me Me Me 
Tp 4Br H Br H 

W = CI, Me, or Ph 

Fig. I. ldenlification scheme for the present complexes. 

zolyl)borates [22], although the reaction is somewhat 
slower. 

The tin complexes ( n -  0=2) have been prepared 
according to previously established procedures [6= 13]. 
The triorganotin ones require, as described in the case 

of other Tp # ligands [6], special care in order to avoid a 
premature decomposition (Table !). 

The infrared spectra show all the expected bands. In 
particular, the complexes show a B-H vibration slightly 
shifted to higher frequency values (2530-2538cm-=) 
than in the corresponding Tp derivatives. 

The NMR spectra (Tables 2 and 3) show two sets of  
signals for the pyrazole protons (ratio 2:1) or carbons 
(one set greater than the other), except for n = 0 or 3. 
This is expected in the frame of a more or less distorted 
octahedral geometry around tin, since the pyrazole 
groups opposed to an organic group and those opposed 
to a chlorine atom constitute two inequivalent groups. 
The presence of  isomers is ruled out since only one 
signal (Sn-Me) or set of signals (Sn-Ph) for tin-bonded 
organyl groups is observed. Moreover, only one sharp 
signal is present in the "gsn NMR spectra, and the 
values found lie in the appropriate range for octahedral 
coordinated tin(IV) [3,4,23,24]. As a consequence, flux- 
ionality in solution can be ruled out. 

k'~C data show a downfield shift for C-3, C-5, and 
C-4 atoms of the pyrazole rings, reflecting the flow of 
charge from the donor ligand to the ~cceptor metal 
fragment. As a general trend in poly(pyrazolyl)borato 
ligands [25]. the resonance positions for C-4 are very 
sensitive towards electron density variations. They are 
shifted to higher fields with increasing n according to 
the decreasing Lewis acidity of the tin fragment to 
which the Tp *¢ ligand is bonded. 

As previously reported [6,9-13], the I=~Sn chemical 
shift values for the complexes R,SnCI4~,~, .  Tp ~ fol- 
low an almost straight line within each ligand series. 

T~ble I 
Yteld~, antly~es, ~nd physical properties of the compounds 
No, Compound Yleid A~Oa'i'~"r FOg nd/CitI¢. (%) MW 

(%) 

C H N Found/Chic. 
K. Tp ~r 77 22.24 1.49 16.94 a 

22.11 1.44 17.19 488 
I SltCl ~, Tp ~* 59 I$.94 I. I0 12.40 655 

16.04 1,05 12.47 674 
2 MeSnCI~. Tp ~f 85 18.45 1,60 12,68 642 

18.37 1.54 12.86 653 
3 Me~SnCI, Tp ~ 68 20,90 2.10 13.26 

20.86 2,07 13.27 633 
4 Me~Sn. Tp ~r 60 23.49 2.68 13.54 

23.~2 2.63 13.71 612 
$ PhSnCl: • Tp ~¢ 91 25,19 1.73 11.69 698 

2&l? 1.69 !1.74 715 
6 Ph~SnC!, l"p ~r ~3 33.3.S 2.27 1 !.07 7,~ 

33.30 2.26 I 1,10 757 
? Ph~Sn' Tp ~ 55 40.50 2,81 10,60 a 

40,$8 2,77 10,52 799 

M.p. A b 

287-289 

" 8.9 
(I.O) 

234=236 10.4 
(1,0) 

160-162 12.5 
(0,9) 

98~ 10o 15,9 
(I.O) 
7.6 

(247-249) (0.9) 
~" 8.8 
(193-200) (1.0) 
114-116 10.9 

(t.0) 

b Specific cot~lu¢tivity (l~ tcm ~ tool ~ ~) in acetone .solution at room temperature; 
¢ Melted with decomposition, 

molar concentration ( x 10 ~) indicated in parentheses. 



Table 2 
I H NMR data ~ 

No. Compound 
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Solvent 8 

KTp ~ CD3OH 
DzO 

I SnCI3 • Tp 4at (CD02CO 
2 MeSnClz • Tp 4e' CDCI 

3 MezSnCI " Tp 4at CDCI 3 

4 Me~Sn. Tp 4a' CDCI~ 
$ PhSnCl Z" TP 4at CDCI3 

6 PhzSnCI • Tp ~ar CDCI.~ 

7 Ph~Sn. Tp ~t~' CDCI~ 

5-H 3-H 

7.30 7.59 
7.32 7.64 
8.29 8.36 
7.73 7,88 
7.62 8.2O 
7.58 7.80 
7.62 br 
7.54 7.60 
7.59 7.80 
7.68 8.30 
7.53 7.70 
7.44 7.90 
7.40 7.60 

br 

R-Sn, I"JK t tgSn-H) (Hz) 

Me: 1.36; 117.3 

Me: 0.90; 69.0 

Me: 0.48; b 
Ph: 7.30-7.45 

Ph: 7.25-7.40 

Ph: 7.27-7,46 
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a The upper line signal has twice the intensity of that in the lower line. 
b Not observed. 

and the l ines  corresponding to the various ligands are 
nearly parallel, Their  distance is roughly proportional  to 
the dif ference in donating power  o f  the ligand. The  
complexes  o f  the present ligand are compared in Fig. 2 
with the con 'esponding ones containing Tp  4u' ,  for  R = 
Me (a) and R - Ph (b). The  calculated line belonging to 
Tp,  not drawn for simplicity, is intermediate between 
these, This  is in agreement with the expected donating 
power  o f  the ligands Tp  4M > Tp  > Tp  4~'. 

2. I. Molecuk#r structure of  MeCI~ Sn(4.BrPz)~ BH 

Costal data, Space group R3 (no. 148), [ r igon~,  
a - 35.520(2),  b ~ 35,520(2), c ~ 8 , 6 8 8 ( I ) ~ ,  '), 

120.00 °, V = 9493/~ 3, formula C,oHIoBBr~CIzN6Sn,  
formula weight M = 654, Z =  18, D~l~ ~ - 2 . 0 6 g e m  -3,  
F(000) = 5508. 

The crystal structure of  the title compound,  displayed 
in Fig. 3, consists of  discrete MeCI2Sn(4.BrPz)~BH 
units. The  tin atom displays an octahedral  coordination 
geometry with two CI, one Me, and three N from the 
pyrazole rings. While the S n - C I  bond lengths are suffi- 
ciently similar, the three S n - N  bond distances are dif- 
ferent, In particular, the S n - N ( 3 )  (opposite to the methyl 
group) bond is the shorter ~';n¢. The average S n - N  
distance is 2,23,~, which is slightly shorter than Ihe 
corresponding one (2.24~,) in MeSnCI z . Tp"  u~ [12], 
where the presence of  the Me groups in position 3 o f  

Table 3 
I~C and 'l~Sn NMR data 

No. Contpom~d Solvent 8 ,,h C.4 8 t, R=Sn B * rlarSn ,5 

C-3 C°5 

KTp. Tp at' CD~OFI 142 ,q 136,6 93,9 
DzO 144.7 138,2 95.6 

I SnCI.~. Tp 4i~' CDCI.~ 141.5 136,7 95,2 - 613. I 
2 MeSnCI 2 • Tp 4a' CDCI.~ 142.4 136,6 95,2 20.6 - 470.6 

141.0 136.4 94,4 
3 Me 2 SnCI. Tp 4at CDCI.~ 140.0 135. I 93,7 15.4 - 307,9 

139.8 134.5 93.2 
4 Me.~Sn. Tp 'mr CDCI.~ 139.1 134.5 93.7 - I1.5 - 171.8 
S PhSnCl,~. Tp 41jr CDCI ~ 141.5 ~' 136.6 94.6 133,4 f, 130.0 g - 520.4 

142.1 J 136.0 e 94.4 128.7 h, 149.5 " 
6 PhzSnCI.Tp 4e' CDCI.~ 141.5 135.3 93.9 134.7 t 128.9 J -436.4 

141.7 136.9 93.6 128.3 h, 150.5 ' 
7 Ph 3 Sn. Tp 41~' CDCI.~ 141.6 137,3 93.9 136. I, 130,5 i - 368. I 

129.1,150.5 " 

" When coupling constants are detected they are reported in a footnote. 
b The signals in the upl~r line ar,~ more intense than those in the lower line. 

d 2 119 13 ¢ 4 119 13, 12J(l'gS,-t'~C)l ~ 34.0Hz. I J( Sit- C)I = 13.4Hz. I J( Sn- 'C)I • 12.1Hz. f IZJ(t"~Sn-t'~C)l~ 84.3Hz. g laJ("'TSn-"~C)l ~ 
28.5Hz. h i~j(llgsn_l~C)l ~ 140.7Hz. i IZJ(IJgSn-L~C)l=61.9FIz. J I'*J(llgSn-t'aC)l = 18.2Hz. k i.~j(iWSn_l~C)l= 89.8Hz. I 14J("9S,1- 
I'~C)[ ~ 13.4Hz. 
• C-ipso for compounds 5, 6 and 7 is observed around 150ppm, coupling satellites could not be seen due to the low intensity of the main signal. 
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Fig. 2, ngSn chemical shiR of(a)  CI 4_ ._ iMe~Sn • Tp # and (b) CI 4_ ~ _ tPh.Sn • Tp ~ versus n, where Tp # represents Tp 4Me and Tp 4e), 

the pyrazole rings is likely to crowd somewhat the tin 
environment. Furthermore, in the couple of analogue 
complexes RSnCI2,Tp and RSn(NCS)2-Tp ( R = -  
CH2CHzCOOMe) [26], such distances amounts to 
2.22A for each. Although the R group is certainly 
greater than the Me one, the lack of any substiment in 
position 3 of the pyrazole rings in the ligand Tp is 
reflected, as in Tp 4at, by the lesser steric requirement of 
the ligand itself. Consequently, the average Sn-N bond 
distance is lower. The bond angles in the coordination 
site show large deviations from the ideal values, since 
they vary from 77.8 to 100.90 ° . Selected bond distances 
aml angles together with their standard deviations are 
reported in Tables 4 and 5. The fractional coordinates 
together with the equivalent isotropic thermal parame- 
ten are listed in Table 6. 

Least = squares analysis of the coordination planes 
shows that the planes of the pyrazolate rings A (N1, N2, 
C2, C3, C4); B (N3, N4, C5, C6, C7) and C (NS, N6, 
C8, C9, ClO) arc planar. The dihedral angles between 
the planes A/B, A/C, and B / C  arc 120.7(7) ~, 64.4(7) ~, 
and 56,a(6) ° respectively. No significant intennolecular 
contacts ate present among the 18 molecules of the cell. 

m 

¢s ¢7 

N4 

l gJ 

L 

Fig, 3, LL~yslal slmclure of MeCI,SN4.Brl)L)~BH. 

2.2. M#ssbauer spectroscopy 

The fit of the M;Sssbauer spectra of the compounds 2, 
3 and S, 6 of Table 7 (Fig. 4) is consistent with the 
presence of two electric quadrupole intenlctions at- 
tributable to two different tin sites. The more intense 
doublet can be attributed to the octahedral tin(IV) site 
found in the present X-ray crystal structure of 2. The 
less intense doublet, owing to its large spliuing, is 
related to the presence of decomposition products con- 
taining probably an all-trans octahedrai tin(IV) site. 
This site is similar to that previously reported for de- 
boronated compounds such as trans-CIMezSnTp" [29] 
and trans-C! z MezSn(4-Me-pz)2 [6]. This attribution is 
in substantial agreement with the QS values calculated 
by point-charge approximation [27,28]. 

The Mt~:.,,;bauer spectra of the compounds 4 (dis- 
played in Fig, 4) and 7 are similar to tho~ reported for 
Me~SnTp 4m~ and Ph:~SnTp 4m~ [6], Instead of the single 
spectral line expected for the species R~Sn(N~N)~ (R 

Me or Ph), the fit indicates two main components, in 
an approximate ratio of 1:2, together with a minor 
component. Their presence is related to the well-known 
instability on standing of triorg~motin(IV) specimens. 
The nature of the decomposition products is question. 
able. Following the point*charge method a trigonai-bi- 
pyramidal Sn(IV) site with one axial and one equatorial 

Table 4 
Selected bond dislances (~) 

Sn=CKI) 2,395(4) Sn-CI(2) 2.,8)1(5) 
Sn~N(I) 2,23(!) Sn-N(3) 2,2(g2) 
Sn~-N($) 2.27~ i) Sn~C(I) 2.21(2) 
Br(1)=C(3) 1,87(2) B~(2)- (`(0) 1,8~(2) 
Bd3)=C(9) 1,89(2} N(I)-N(2) 1,39(2) 
N( I )ooC(,I) 1.33(2) N(2)~('(2) 1.35(2) 
N(2)~B |..%~(3) N(.IL, N(4) 1,37(2) 
N(3L(~7) 1.33(2) N(4)=C(5) 1,39(3) 
N(4)~B 1,51(.~) N(5) N(6) 1,3~2) 
N(5)~C(,8) 1,37(2) N(6)~,(.~ |0)  1.31(2) 
N(O)-B I,~1(2) C(2)=C(3) 1.39(3) 
(X3)~C`(4) 1,43(2) ('(5)-(.'(0) 1.40(2) 
C10)-C(7) I,.'~8(3) (`(8)- C~(9) 1.4(1(2) 
C(9)-C(I0) 1.35(3) 
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Table 5 Table 6 
Selected bond angles C) Fractional coordinates with equivalent isotropic thermal parameters 
N(5)-Sn-C(I) 91.9(6) N(3)-Sn-C(1) 167.5(5) (~2) 
N(3)-Sn-N(5) 77.8(5) N(I)-Sn-C(l) 92.1161 Atom x y z U~ 
N(I)-Sn-N(5) 20.5(5) N(I)-Sn-N(3) 79.2(5) Sn 0.23269(4) 0.09681(3) 0.1052(11 0.0378(5) 
CI(2)-Sn-C(I) 100.9(55 CI(2)-Sn-N(5) 90.8(3) Br(l) 0.28809(7) 0.22611(6) 0.6449(2) 0.073(!) 
CI(2)-Sn-N(3) 86 .6 (4 )  CI(2)-Sn-N(1) 164.614) B~(2) 0.37650(6) 0.04973(7) 0.119912) 0.068(1) 
CI(I)-Sn-C(I ) 101.1(4) CI(I)-Sn-N(5) 163.3(4) Br(3) 0.08122(8) -0.06068(8) 0.4374(3) 0.102(1) 
CI(I)-Sn-N(3) 87.9(4) CI(I)-Sn-N(I) 82.5(3) Cl(l) 0.2927(2) 0.1586(1) -0.012615) 0.06112) 
Ci(I)-Sn-CL(2) 97.0(2)  Sn-N(i)-C(4) 128(I) Ci(2) 0.2146121 0.0483(2) -0.110015) 0.069(3) 
Sn-N(1)-N(2) 125.019) N(2)-N(1)-C(4) 10611) N(i) 0.2552(4) 0.130014) 0.332(I) 0.043(6) 
N(I)-N(2)-B 11811) N(I 5-N12)-C(2) 112(I) N(2) 0.2601(47 0.1110(4.) 0.46411) 0.042(7) 
C(2)-N(2)-B 13011) Sn-N(3)-C(7) 13011) N(3) 0.2784(4) 0 .0751(4)  0.17411) 0.038(6) 
Sn-N(3)-N(4) 123(I) N(4)-N(3)-C(7) 107(I) N(4) 0.2815(4) 0.0636(4) 0.322(I) 0.037(6) 
N(3)-N(4)-B 122(I) N(3)-N(4)-C(5) 11011) N(5) 0.1913(4)  0 .0402(4)  0.264(2) 0.047(75 
C(5)-N(4)-B 128(I) Sn-N(5)-C(85 13011) N(61 0.2064(4) 0 .0353(4)  0.40611) 0.040(6) 
Sn-N(5)-N(6) 122.0(95 N(6)-N(5)-C(8) 107(I) C(I) 0 .1814(5)  0 ,1146(5)  0 .088(2)  0.043(7) 
N(5)-N(6)-B 120(I) N(5)-N(6)-C(10) 109(I) C125 0.2732(5)  0 .138615)  0 .585(2)  0.039(8) 
C(10)-N(6)-B 132(I) N(2)-C(2)-C(3) I06(I) C(3) 0.2739(5) 0.1758(5) 0.532(2) 0.04418) 
B~(I)-C(3)-C12) 127 ( I )  C12)-C13)-C(4) 107(I) C14) 0 .2620(5)  0.16911(31 0 .373(2)  0.048(8) 
Bg I)-C13)-C(4) 126(I) N(I)-C(4)-C13) I09(I) C(5) 0.314215) 0.053115) 0.332(2) 0.0470) 
N(4)-C(5)-C(6) 105(i) B~(2)-C(6)-C(5) 126(I) C(6) 0.3301(5) 0 .0576(5)  0.182(2) 0.045(8) 
C(5)-C(6)-C(7) 108(1) BK2)-C(6)-C(7) 12611) C(7) 0.3085(5)  0 .0727(5)  0 .091(2)  0.040(8) 
N(3)-C17)-C(6) 110(I) N15)-C(8)-C(9) 107(I) C(8) 0.148216) 0 ,0090(6)  0 .255(2)  0,06(I) 
Br13)-C(9)-C18) 123(i) C(8)-C(9)-C(10) 107(I) C(9) 0.1375(6) -0.0137(5) 0.395(2)  0,0611) 
Bt(3)-C(9)-C(10) 1301l)  N(6)-C(10)-C(9) Ill(l)  C(10) 0.174116) 0 ,0036(5)  0 .480(2)  0,046(9) 
N(4)-B-N(6) 108(I) N(2)-B-N(6) 107(1) B 0 .2534 (6 )  0 ,0650(6)  0 .450(2)  0,05(1) 
N(2)-B-N(4) 11011) 

Ucq is defined as one third of the trace of the orthogonalized U 0 
tensor. 

organic group is present, together with a tetrahedral 
Sn(IV) site containing one organic group in its coordi- 
nation sphere. The third component with spectral inten- 
sity of  less than 5% is not attributed. 

The Mbssbauer parameters of these compounds are 
compared in Table 8 and Fig, 5 with those reported for 
armlogous systems containing polytpyrazolyl)borato lig- 
ands in the octahedral tin(IV) geometry, In particuhlr, 
the variations on the M6ssbauer parameaers i~lated to 
the substitutions on the pyrazolyl groups for 
poly(pyrazolyl)borates of type MeSnCI2 .Tp  ° and 

Me2SnCI- Tp # (with Tp # =  Tp, Tp 4Me, pzTp 4M', and 
Tp 4B') have been evidenced. 

The trend of  the QS values for the compounds 2, 2', 
2", and 3, 3', 3" in Table 8 shows that, on going from 
Me- to H-, and Br-substituent in position 4, p.el¢ctron 
asymmetry m'ound the tin site increases. The substitu- 
tion of a o'-donor (such as Me) with a withdrawing 
o'.accq)tor (such as Br) in position 4 varies substantially 
the p.electronic asymmetry at the tin site, and an 
incl'~as¢ in splitting is observed. Toe substitt~tion in 
position 4 on the pyrazolyi groups also affects the IS 

Table 7 
 o,,,pound ts  e s  o s  " 

(rams i) (rams- i) (rams- i) 

MeSnCl z • T~ i" 0.79( I ) 1.261 I) ( + )2.06 
1.6113) 3,72(5) ( + )3.93 

3 MezSnCI ' Tp 41" 0.93[ I ) 2.44(3) ( - )2.06 
1.3~(2) 3,98(5) ( + )3,93 

4 Me~Sn, "rp ¢l)r 1.05( I ) 2.69(4) ( - )2,02 
1.3211 ) 3,66( I ) ( + )2.44 
2.12(6) 0.27(15) 

$ PhSnCI z . "l'p 4"r 0.72( I ) 1.58( I ) ( + )1.90 
1.28(2) 3.(18(4) ( + )3.62 

6 Ph,~gnCI  • Tp 4Br 0.88( I ) 2.08( I ) ( ~ )1,90 
I. 14( I ) 3.04(2) ( + )3,60 

7 PlhSn ' Tp 4at I. 10(I ) 1.98(3) ( - )135 
1.2311) 2.75(I) ( + )2.22 
1.43(4) 0,56(6) 

LW a Site 
(ram s- i ) (%) 

1.1 I(I) 94 O~ 
0.77(5) 6 all-/runs Oh 
0.93(I) 93 el, 
I. 10(9) 7 all4rans Oh 
0.90(5) 31 tbp Sn(IV) 
0.84( I ) 65 Td Sn(IV) 
0.63(20) 4 
0.95(I) 90 O~, 
0.65(6) 4 all.trans Oh 
0.92( I ) 81 Oj, 
I).8214) 19 all-trans Oh 
0.84(5) 34 tbp Sn(IV) 
0.89(2) 61 TdSn(IV) 
0.71920) 5 

a Calculated by the point-charge method assuming a regular geometry and using literature values [27,28]. 
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values (Table g), i,e. the s-electron density at the tin 
nucleus. Within the trispyrazolylborates, the donor 
power of the ligands decreases in the following order: 
Tp ~ e  > Tp > Tp 4a', paralleling the QS and IS parame- 
ters in homologous series of compounds as well as the 
ngSn NMR chemical shift. 

These MSssbauer results cannot be related to possi- 
ble distortions in compounds containing Tp 4B' ligands, 
since bond lengths and angles for the present X-ray 
crystal structure of MeSnCI2.Tp 4"' are comparable with 
those reported for CI,MeSn-Tp 4ue [6]. The scarce 
effect of distortion on the MiSssbaner parameters is also 
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3 

complexes  e l  4_ n-  tR,,Sn • Tp #, with 

evidenced by comparing the couples of compounds 2', 
2"' (and 3', 3"') containing the ligands Tp aM* and 
pzTp 4M', i.e. tetrakis(l H-pyrazol-l-yl)borate. In spite of 
the greater steric requirements of pzTp 4M*, the 
M~ssbauer parameters are practically unchanged. 

For complexes containing Pit groups in place of Me 
ones ($, $', $" and 6, 6', 6" in Table 8), similar trends 
are observed. In any case the M~3ssbauer parameters for 
tile 'l'p ~"~ compom|ds arc always different fi'om tltose 
previously relxwted for complexes containing the ligo 
ands Tp 4m' or Tp. 

Table 8 
tt~Sn MOssbauer paraateters at 4,2 K 

Compotmd QS IS ~ef. 

'~ M¢SnCI 2 .1"i) 4a' 1.86 0.79 this work 
2' MeSnCI 2 .Tp 4~e 1.72 0.72 [6] 
2" MeSnCI z' Tp ! .75 0.7 ! [ 171 
~" MeSnCI2 • pzTp 4M¢ * 1.74 0.71 [8] 

3 Me:~SnCI. Tp 4at 2.44 0.93 this work 
3' Me~SnCI,'l'p 4m¢ 2.25 0.84 [6] 
Y MezSnCI.T p 2.32 0.88 [17] 
3" MezSnCI. pzTp 4Men 2.23 0.89 [8] 

~, PhSnCI 2 • Tp 4"' 1.58 0,72 this work 
PhSnCi 2" TP 4~'te 1.63 0.70 [6] 

5" PhSnCI ~. Tp 1.73 0.65 [17] 

, I~h;~SnCI .Tp 41h 2.08 0.88 Ihis work 
Ph zSnCl.' | 'p 4m~ 2.04 0.80 [6] 

6" Ph 2 SnCH'p 2.03 0.80 [ 17] 

" pzTp 4me '~ tetrakis(4-Me-pyrazol-l-yl)borate. 

3. Experimental 

3.1. General comments 

Concentration was always carried out in vacuo (water 
aspirator). The samples were ~. 'ted in vacuo to constant 
weight (20°C, ca. 0.1Torr). Carbon, hydrogen, and 
nitrogen analyses were carried out on a Fisons Instru° 
ments EA 1108 CloiNSoO, while molecular weight de- 
terminations were performed by a Kmmer vapour pres° 
sure osmometer, hffrared spectra were recorded from 
4000 to 250cm =1 on a Perkin=EImer 2000 System 
Series FTIR instrument. I}!, t'~C and '~gSn NMR spectra 
were recorded on a Varian VXR-300 spectrometer oi~r- 
ating at room temperature (299.95MHz for t H, 
75.43MHz for I"~C and l l l .9MHz for 119Sn). Some 
spectra were also recorded on a Varian Gemini-200 
(199.98 MHz for 'H, 50.29MHz for I'~C). The chemical 
shift is reported in ppm from Me.tSi (IH and ~*C, 
calibration from internal deuterium solvent lock) and 
Me,tSn (~t'JSn) values. The conductivity, [" the acetone 
solutions was measured with a Crison CDTM 522 con- 
ductimeter at room temperature. 

3.2. Syntheses 

3.2.1. Potassiumlhydridotris(4-bromo-lH-pyrazol-I- 
y/)boralo] (KTp 4•r) 

A mixture of 4-Br-pyrazole (20g, 0.136moll and 
KBH 4 (1.83g, 0.034mol) was heated gradually. Melt- 
ing with a slight evolution of hydrogen occurred at ca. 
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90°C. The mixture was finally heated at 170°C until 3 
equivalents of hydrogen per KBH 4 had evolved. The 
mixture was allowed to cool to room temperature and 
xylene was added with vigorous stirring. The xylene 
solution was separated by filtration. This treatment was 
repeated several times to remove unreacted 4-Br-pyra- 
zole. The remaining solid was eventually washed with 
hexane-petroleum ether (1:1o v /v )  to give a white 
crystalline solid, that was identified as Tp 48~. 

3.2.6. [ Hydridotris( 4-bromo- 1 H-pyrazoi- l- yl)borato] di- 
chlorophenyltin(IV) (5) 

A CH2CI, solution (30ml) of PhSnCI 3 (0.302g, 
l mmol) was added to a cooled (ca. 0°C) CHeCI 2 
solution (30 ml) of Tp 48~ (0.489 g, I mmol). The mix- 
ture was stirred for 30rain, filtered and the filtrate was 
evaporated under reduced pressure. The oily residue 
was crystallised by addition of petroleum ether to yield 
a while solid, identified as compound 5. 

3.2.2. [ Hydridotrid 4-bromo- l H-pyrazol- l-yl)boraro ] rri- 
chlorotird lV ) (!) 

SnCl4 (! ml. I M solution in CH2CI 2) and KTp 4B' 
(0.489g. ! retool) were introduced into a round-bet- 
towed flask. The solution was cooled (ca. - IO°C) and 
THF (30ml) was added. The mixture was stirred for 
3 rain. filtered and the filtrate evaporated under reduced 
pressure. The residue was recrystallised from CH2CI 2 
to yield a white solid, that was identified as compound 
I. 

3.2.3. [ HydrMotris( 4-bromo- l H-pyrazol- l -yl)boratol di- 
ch lorometh yltin( IV ) (2) 

A CHICI 2 solution (30ml) of MeSnCI~ (0,248, 
I mrnol) was mixed with a CH2Ci ~ solution (30ml) of 
Tp 4a' (0.489 g. I retool) at room temperature, The mix- 
ture was stirred for 30rain, filtered and the filtrate was 
evaporated under reduced pressure, The residue was 
reerystallised from CH~CIJCH~CN (!:1, v / v )  and 
dried under reduced pressure to yield a white solid, that 
was identifiod as compound 2, 

3,2.4. I Hydridotrid 4°bromo, l H,pyra zolo lo yl )bomtof  
chlorodimethylttt~( IV ) (3) 

A CH~Ci~ solution (30ml) of Me~SnCI~ (0.22g, 
I mmol) was added to a cooled (ca. W'C) CH~CI~ 
solution (30ml) of Tp '~t~ (0,489g, I retool). The mix- 
ture was stirred for 30rain, filtered and the filtrate was 
evaporated under reduced pressure. The residue was 
recrystallimd from CH2CIJCH~CN ( l : i ,  v / v )  and 
dried under reduced pressure to yield a white solid, that 
was identified as compound 3. 

3,2.5, I It.x~lridotrid 4.bromo. I H.pyrazob l . yl )horatol tri° 
methyhiMIV) (4) 

A solution of Me~SnCI (0,199g, I retool) in 25 mt of 
outgassed (dry N:) anhydrous I~enzene at ca. 8 °C was 
Mded to a flask (l(X)mi) cont~ining a solution/suspen, 
sion of 0,489 g ( I mlvlol) of K'lp ~"t in 2,$ ml of benzene, 
Alter I h the solution was filtered (KCI) in an atmo- 
sphere of dry N~ and the I'iltrate was evaporated at ca, 
8"C under reduced pressure. The resulting oily liquid 
was purified by repeated washing with n-pentane upon 
which a white ,solid was obtained and identified as 4, 

3.2.7. [ Hydridotris( 4-bromo- l H-pyrazol- l . yl )borato ]- 
chlorodiphenyltin(IV) (6) 

This complex was prepared as described in Section 
3.2.6 using Ph2SnCI 2 (0.343g, I mmol) and Tp 4t;r 
(0.4898, I retool) to yield a white solid, that was identi- 
fied as compound 6. 

3.2.8. l H ydridotris( 4-breton- i H-pyrazol- I-yl)borato] tri- 
phenyhin(IV) (7) 

A CH:CI 2 solution (30ml) of Ph3SnCI (I retool, 
0.385g) was added to a cooled (ca. -20°(2) CH,CI 2 
solution (30ml) of Tp 'mr (0.489g, I retool). The mix- 
tare was stirred for 15rain, filtered and the filtrate was 
evaporated under reduced pressure. The oily residue 
was reerystallised from n-heptane to yield a white solid, 
that was identified as compound 7. 

3,3. Mi)ssbauer spectro,,copy 

I 1 9 m  ~ _  A source of an in a matrix of CaSnO~ was used 
fi)r tin measurements. Both source and absorl~r were 
kept at the liquid helium tenq~erature, a simtsoidal 
velocity waveform and a proportional counter welx~ 
used, Owin~ Io th~ large nonol~esonanl scattering of the 
heavy Br atoms in the specimens, about a week was 
necessary to collect a spectrum with good statistics. 
This means that the measurements wel~ perfornmd on 
samples after a standing of months. The fit was per- 
formed with the program MOS 90 by appropriate super, 
positions of Lorentzian lines. The hyperfine Ixwametel~, 
such as IS isomer shift (relative to SnO,), QS 
quadrupole splitting, LW average line width (m'm s ~ a ), 
and A relative resormnce area in lx~r cent arc listed in 
Table 7. 

3,4, X°my crystal procedure 

A crystal with approxin~atc dimenskms 0.3 × 0.4 × 
0.3 mm ~ was used. Intensity data for tile compound 2 
were collected at room temperature with a Philips PW 
I I(XI diffractometer using Me Kct radiation in tile 
range 4,6" < 20 < 44,(P; 4288 reflections were read. Of 
these 168~, with F > 3tr(F),  were used in the structure 
analysis. Data were corrected for Lorentz and polariza- 
tion effects. The structure was solved by SIIELXS-86 
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direct methods [30]. Full-matrix least-squares refine- 
ment on F was computed, and the function ~,,.[IFol- 
I F eli" minimised. The non-hydrogen atoms were refined 
anisotropically. The position of the hydrogen atoms was 
calculated but not refined. The final R values were 
0.058 (R,,. = 0.059). (Supplementary material including 
anisotropic thermal parameters, hydrogen coordinates 
and structural factors are available from the Editor). 

4. Concluding remarks 

The Tp 4nr complexes investigated in this paper con- 
tain hexa-coordinate tin atoms and are not fluxional in 
solution. The values for all the ~°~Sn NMR chemical 
shifts lie in the appropriate range for octahedrai tin(IV) 
species. It may be noted the rlgSn resonances of the 
Tp ~R~ derivatives are shifted upfield with respect to 
other tris(pyrazolyl)borates. In particular, the values are 
different by ca. 5 -  ! 3, 13-25, 30-40,  and 40-55 ppm in 
comparison with tin(IV) complexes with Tp, Tp 4M*, 
Tp 3M¢, and Tp" respectively, in addition, the variations 
of the Mbssbauer parameters for these compounds, re- 
lated to the substitutions on the pyrazolyl groups, con- 
firm that the ligand "rp 4at is :~ less donating one. 
Accordingly, the scale for the series is: Tp4n' < Tp < 
Tp 4M" < Tp "~M" < Tp" 
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