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Summary

A molecular adduct of nitratotriphenyltin with triphenylarsine oxide
[Sn(CcH;)3:(NO3) {(CsHs)3AsO} ] has been synthesized and its IR spectroscopic
properties and X-ray crystal structure are reported. Crystals are orthorhombic
(P2,2,2,) with unit-cell dimensions: a 17.35(1), b 19.30(2), ¢ 9.56(1) A, Z 4.
The structure has been solved from 2070 independent diffractometer data and
refined anisotropically by block-diagonal least-squares methods.to the conven-
tional R factor 3.6%. The coordination about tin is trigonal bipyramidal with
the phenyl rings in equatorial and the oxygenated ligands in axial positions.

Introduction

Interest in triphenyltin derivatives is justified by the many uses of these com-
pounds, which are essentially based on their high biological activity combined
with the fact that the inorganic species they produce are non toxic, in contrast
to those of the organolead and organomercury derivatives {1,2,3].

Continuing our researches on adducts of triphenyltin with unidentate ligands
containing oxygen groups such as N—O, S—0, As—O, PO [4,5], we have now
synthesized and examined by spectroscopic techniques and X-ray diffraction
methods, a molecular adduct of nitratotriphenyltin(IV) with triphenylarsine
oxide, Sn(csﬂs)a(Noa) [(CsHs)3AsO]-

‘Expenmental

Tnphenylarsme oxide (3.2 g) in dry acetone was added under nitrogen to a
ﬁ'solutlon of Ph3SnN03 (4 1 g) in the same solvent The crude product was pre-
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cipitated by slow evaporation under reduced pressure of the solvent and recrys-
tallized from chloroform/benzene or chloroform/toluene to yieid colourless
crystals. Found: C, 59.2; H, 4.1; N, 2.2;Sn, 16.4. C3sH3,AsNQ,Sn calcd.: C,
58.9;H, 4.1; N, 1.9;Sn, 16.2%.

The IR spectra were recorded on a Perkin—Elmer model 457 spectrophotome-
ter using KBr disks.

From the systematic absences, as indicated from Weissenberg photographs
(h00,hodd; Gk 0, kR odd; 0 01,1 odd), the space group was unambiguously
determined as P2, 2,2, . Crystal data for [Sn(C¢H)3(INO;3) {(CsH;)3;AsO} ] : M.w.734.2.
al17.53(1); b 19.30(2); ¢ 9.56(1) A; V32344 A*>;Z 4,D,,. 1.50gem™3, D,
1.51 g cm™3; p(Mo-k,) 19.1 cm™'; F(000) 1472. Accurate measurements of the
unit-cell dimensions and collection of intensity data were made on a Siemens
AED diffractometer with Mo-K_, radiation (A 0.7107 A). The sample was roughly
a prism with a mean radius of 0.10 mm. One quarter of the reciprocal sphere was
recorded in the range 4.0° < 20 < 52.0°. Of the 3565 independent reflections
recorded, 2070 were considered as observed having I > 20(J). A standard reflec-

ion was periodically measured during the course of data collection to check
crystal alignment and/or decomposition. The intensity of this reflection did not
vary to any appreciable extent, although it was necessary to realign the crystal
from time to time when a drift in the reference reflection was observed. Data
were corrected for Lorentz and polarization effects, but not for absorption or
extinction. :

From a three-dimensional Patterson map the coordinates of the tin atom were
obtained by assuming the strongest peaks to be due to tin—tin vectors. The
positions of the remaining non-hydrogen atoms were obtained by application of
the heavy-atom method. Refinement was by block-diagonal least-squares where
the functior minimized was Zw| AF|2. Four cycles of isotropic refinement gave
a conventional R of 7.0% for all observed reflections. Another five cycles using
anisotropic thermal parameters reduced the R value to 4.4%. At this stage the
hydrogen atoms were included in their calculated positions (C—H 1.08 &) as
fixed contributions to F_ assuming isotropic thermal parameters (B 6.0 A%). The
final R’s were 3.6% for the observed reflections and 7.1% for the total number
of reflections. As a final check of the correctness of the structure, a AF map was
calculated, and found to be featureless.

Final atomic coordinates and thermal parameters are listed in Table 1. A list
of observed and calculated structure factors can be obtained from the authors.
Scattering factors were from Cromer and Mann [6]. Table 2 lists the main IR
absorption bands. :

All the calculations were carried out on the Cyber 76 computer of the Centro
di Calcolo Elettronico Interuniversitario dell’Italia Nord-Orientale.

Results and discussion

As pomted out by Muetterhes and Schunn [7], for pentacoordmated XML3L
species, there are four possxble isomers fora tngonal bipyramid and four fora '
tetragonal pymmd and OI the exght 1somers, only one, the C;, tngonal blpyra-
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TABLE 2
SELECTED INFRARED ABSORPTION BANDS (cm™)
1575w
1480(sh)
1468vs wCcO
1438s
1430s HNOY .,
1382ms {CC)
1295vs HNO),
1260m
1185w B(CH)
1160w
1087ms (1093) ¢ V(AsC)
1080(sh)
1025m } sew
1012m ¥(NO)
1000m ying
925w
} o
855vs (880) H(ASO)
810m 5(NO2)
742s
732(sh) Y(CH)
725(sh)
695s (685
690:s(h) ’ HASC) + HCC)
475m (470) .
455ms (450) } AsC) + ring
380m HSnO)
355m (355)
—  (340) } waso
270m wW(SnC)

@ The bands of uncoordinated triphenylarsine oxide are reported in parentheses.

geometry is the non-bonding repulsion between ligands, particularly when bulky
ligands are present.

As illustrated in Fig. 1, which shows a clinographic projection of the title com-
pound (M = Sn, X = NO;, L = C¢H;, L' = (C¢Hs)3As0), the coordination geometry
at tin is trigonal bipyramidal. The equatorial positions are occupied by the phenyl
rings, and the axial sites are taken up by the nitrate group and the triphenylarsine
oxide (TPAO) molecule, so that the arrangement of the ligand atoms corresponds
well to a C;, model. Thus this compound has a structure similar to that of nitrato-
triphenyl(triphenylphosphine oxide)tin(IV) SnPh;3(NO;)TPPO [4] and nitratotri-

_phenyl(pyridine N-oxide)tin(IV) SnPhy(NO,)pyO [5]. In ‘Table 3 bond distances
.- and angles in the coordination polyhedron for these three compounds are com-
pared"—From the bond:angles'it can be seen that the trigonal bipyramidal arrange-
'shghtly dJstorted from the 1dm1 geometry Thus the axial to axml
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cad)

Cician
€(35) /
cEa (e
Fig. 1. Clinographic projection of [Sn(CgHs)3(NO3) {(661-15 )3As0O }] with bond distances (A) at tin and

arsenic.

angle is 174.1 (TPPO), 171.4 (pyO) and 175.6°(TPAO). Similar small deviations
from the theoretical values are observed for the equatorial angles [113.4—126.0
(TPPO); 118.0—120.9 (py0); 116.1—125.9° (TPAO)]. The Sn—O bonds in the
three compounds are noteworthy. The Sn—O(NOQ;) distance increases in the order
TPPQ < py0O < TPAO, while the opposite is true for the Sn—O(org.lig.) distance,
the two distances being linearly related (Fig. 2). In the present compound the
Sn—O(org.lig.) stretching vibration, which falls in the range found for other
TPAO—tin complexes [8—11]}, shows a frequency value higher (380 cm™)
than those observed in SnPh;(NO;)TPPO (295 cm™) and in SnPh,(NO,)pyO
(325 cm™) complexes, indicating a stronger bonding in the TPAO complex. In
addition, as expected, along with an increase in ¥(Sn—O(org.lig.)) in the order
TPPO < pyO < TPAO there is a regular decrease of the relevant Sn—O bond
distance, as shown in Fig. 8. In order to elucidate this behaviour a systematlc
structural study of the SnPh;(NOa)X specles (X oxygenated llgand) isin
progress in our laboratory. . - -

The Sn—C bond lengths do not dlffer sxgmﬁcantly ﬁ'om each othet m the =
three derivatives. They fall at the lower limit’ of the range. .of lengths observed m s
five-coordinated monomer: organotin compounds (2.10—2 20 A) 4] and w1
the wide range \1.93—2.27 A) observ fo! ( *
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d(Sn-0,, VA | diSn-Oyg ) = 3346604932 d (S1-Ogrg 1ig)

230 \_‘;
..Jf,.
\
o

2.10 220 230
a(Sn-04q jig} /A

Fig. 2. Plot of Sn—O(NO;) against Sn—O(org. lig.) for SnPh3(NO3)TPPO (I). SnPh3(NO3)pyO (I) and
SnPh3(NO3)TPAO (III). The e.s.d. intervals are also shown.

regard for the metal coordination (see Table 4). In this connexion it can be ob-
served that out of about 60 triorganotin species for which the structures are
known, only one third involves phenyl derivatives. In most of them, coordina-
tion to metal is tetrahedral, while in the methyl compounds the less bulky na-
ture of CH; compared with C¢H; seems to favour pentacoordination. In the
compounds listed in Table 4 the phenyl rings occupy equatorial positions with
only two exceptions, in which one phenyl ring is axial. Comparing the Sn—C
stretching vibrations in the TPPO, pyO and TPAO tin-complexes, it can be ob-
served that the frequency value is insensitive to the nature of the oxygenated
ligand.

Table 5 lists bond distances and angles in the title compound, except for those
relating to the coordination polyhedron, which are given in Table 3.

4(SP-Ogrgug)/ A
230
220 +
215 i 3 1 1 1

280 300 350 400
) - otsn-o“ghg)/cm

F!‘. a.nos of&:—O(ou. Hl.) bond d.lnanee against P(Sn—O(m ut.)) !requency for SnPh3(NO3)TPPO
(I). 3(!‘03)’,0 (n). Sﬂ.ﬂlg(NO;)‘l‘PAO (nl).
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TABLE 4
LENGTHS OF Sn—C BONDS () IN TRIPHENYLTIN DERIVATIVES

Compound Co ordx- Sn—C

nation ¢
Mn(CO0)4(PPh3)(SnPh3) [121 T 2.16(4) 2.17(4) 2.17(4)
Mn(CO)}s(SnPh3) [13] T 2.08—2.22
Mn(CO)3[C5Ph3(OSnPh3)} [14] T 2.09(1) 2.13¢1) 2.17¢1)
Fe(CO)2(CsH5)(SnPh3) [15] T 2.10—2.17
Fe(CO)C2Ph2)(CsHs)SnPhj) [16] T (2.21
SnPh3C1(17] T 2.12
SnPh3CHT ? [18] T 2.16(1) 2.16(1) 2.16(1)
SnPh3(SCsH3N) [19] TBP 2.14(2) 2.17(2) 2.17(2)
SnPh3(SCgHaMe3) [20} T 2.09(1) 2.13¢1) 2.17(1)
SnPh3(SCgH2FBra) [211 T 2.11 . 211 2.12
SnPh3(SCgH1Me) [21] T 2.15(3) 2.16(3) 2.18(3)
SnPh3(ONPhCOPh) [22] TBP 2.131(7) 2.142(9) 2.176(9) d
SnPh3(SCgH3-t-Bu-p) [23] T 2.122(10) 2.124(9) 2.132(9)
SnPh3(NCS) [24] Int 2.01—-2.15
SnPh3DPD € [25] TBP 2.149(7) 2.181(6) 2.180¢6) ¢
SnaPhg [261 T 2.14—2.27
Sn(NO3)SnPhy) [27} T 1.93(1) 1.93(1) 1.98(1)
Sn(NO3)(SnPhj)3 [27) T 1.93—1.99
SnPh3(NO3)TPPO [4] TBP 2.10(2) 2.13(2) 2.14(2)
SnPh3(NO3)pyO [5) TBP 2.096(9)  2.112(9) 2.126(9)
SnPh3(NO3)TPAO TBP 2, 096(9) 2.117(8) 2.121(8)

@ T = tetrahedral, TBP = trigonal bipyramidal, Int = mt.ermed.zat.e b CHT 7-cyclohepta-1.3.5-trienyl:
€ pPD = 1,3-diphenylpropane-1,3-dionato. d A xial bonds.

The triphenylarsine oxide is covalently bonded to tin through its oxygen atom,
with a consequent small lengthening of the O—As bond (1.681 A) compared
~with that in the free ligand (1.644 A) [28]. The geometry at the arsenic atom is
essentially tetrahedral, with (O—As—C)aver 109.5° and (C—As—C), e, 109.4°;
but the C;, trigonal symmetry is not present because of the different inclination
of the three aromatic rings with respect to the plane defined by oxygen, arsenic
and carbon bonded to As (i.e. 76.6° for C(19) ... C(24); 23.9° for C(25) ... C(30);
19.7° for C(31) ... C(86)). The arsenic atom departs by a small amount from
the C(19) ... C(24) (0.20 A) and the C(31) ... C(36) (0.15 &) phenyl planes,
while is practically coplanar (0.01 A) with the third phenyl ring C(25) ... C(30).
An inspection of Table 6, which gives the structural parameters for TPAO in the
free ligand and in its metal complexes, as determined by X-ray methods, suggests
that, with the sole exception of a small weakening of the O—As bond, the geom-
etry and dimensions of the uncomplexed molecule are preserved during the co-
ordination to the metal.

The v(As—O) frequency agrees well with the values observed for other tin or
organotin complexes which usually exhibit a negative shift with respect to the
free ligand absorption (880 cm™') [8,36,37]. The sequence Av(P—0) > Av(N—O)
> Ar{As—O), with values —40, —37 and —25 cm™! respectively for the TPPO,

~ pyO and TPAO tin-complexes, is noteworthy; such negative shifts are consistent

- with a lowering of the respective bond orders upon coordination [36]. The vi-

" brational modes mvolvmg As—C stretchmg show only very small shifts on coordl-
: natl
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TABLE 5
BOND DISTANCES (A) AND ANGLES (°) a.b

(i) in the l‘nphenylmme oxide molecule

As—0(2) 1.681(5) :
As—C(19) 1.913(7) As—C(25) 1.920(8) As—C(31) 1.898¢
C(18)—C(20) 1.38(1) C(25)—C(26) 1.39(1) C(31)—C(32) 1.35(1:
C(20)—C(21) 1.40Q1) C(26)—C(27) 1.39(1) C(32)—C(33) 1.40(1;
C(21)—C(22) 1.40(1) C(27)y—C(28) 1.36(1) C(33-C(34) 1.34(1!
C(22)—C(23) 1.36(1) C(28)—C(29) 1.38(1) C(34)—C(35) 1.36(1’:
C(23)—C(24) 1.37(1) C(29)—C(30) 1.39Q1) €(35)—C(36) 1.38(Y
C(24)—C(19) 1.37(1) C(30)—C(25) 1.38(1) C(36)—C(31) 1.41(1
As—O(4)—Sn 136.0(3)
0(4)—As—C(19) 111.9(3) O(4)y—-As—C(25) 109.1(3) 0(4)—As—C(31) 107.4¢
C(13)—As—C(25) 107.8(3) C(19)—As—C(31) 112.5(3) C(25)—As—C(31) 107.9(5
As~C(19)—C(20) 118.7(5) As—C(25)—C(26) 118.5(6) As—C(31)—C(32) 122.0¢
As—C(19)—C(24) 119.2(6) As—C(25)—C(30) 119.5(6) As—C(31)—C(36) 118.9(

C(20)—C(19)—C(24) 122.0(7) C(26)—C(25)—C(30) 120.9(8) C(32)—C(31)—C(36) 118.7¢C

C(19)—C(20)—C(21) 119.UD) C(25)—C(26)—C(27) 119.0(8) C(31)—C(32)—C(33) 121.1(

C(22)—C(21)—C(20) 117.2(8) C(26)—C(27)—C(28) 119.4(9) C(32)—C(33)C(34) 118.7(

C(23)—C(22)—-C(21) 122.0¢8) C(27)—C(28)—C(29) 122.2(8) C(33)—C(34)—C(35) 122.5(¢
C(24)—C(23—C(22) 120.7(9) C(28)—C(29)C(30) 118.8(8) C(34)—C(35)-C(36) 119.5(
C(23C(24C(19) 118.5(8) C(29)—C(30)—C(25) 119.6(9) C(35)—C(36)—C(31) 119.5¢
(ii) in the nitrate group :
N—O(1) 1.29(1) N—-O(2) 1.21(1) N—O(3) 1.22(1%
0(1)—N—-0(2) 119.1(7) 0(2)-N—0(3) 123.0(8) O(1)-N—-0(3) 117.9C¢
N—O(1)—Sn 118.3(5) ;
(iii) in the phenyl rings

C(1)—C(2) 1.39(1) C(7)—C(8) 1.36(1) C(13)—CQ14) 1.38(1

C(2)—C(3) 1.43(1) C(8)—C(9) 1.38(1) C(14)—C(@15) 1.41(1

C(3)—C) 1.37(2) C(9)—C(10) 1.37(1) C(15)—C(16) 1.43(1

C(4)—C(5) 1.34(2) C(10)—C(11) 1.35(1) C(16)—C(17) 1.31(2

C(5)—C(6) 1.41(1) C(11)—C(12) 1.38(1) C(17)>—C18) 1.38(1

c(6)y—Q) 1.40(1) c@2)y—cn 1.38(1) Cc(18)—C@13) 1.36(2

Sn—C(1)—C(2) 120.4(6) Sn—C(7)—-C(8) 122.5(6) Sn—C(13)-C(14) 120.8(

Sn—C(1)—C(6) 123.5(6) Sn—C(7)—€(12) 120.4(6) Sn—C{13)—C(18) 121.0(

C(2)—C(1)—C(6) 116.0(8) C(8)—C(7—C(12) 117.1(8) C(14)—C(13)—C(18) 118.1(1
C(1)—C(2)—C(3) 122.9(9) C(7)—C(8)—C(9) 121.0(8) C(13)—C(14)—C(15) 119.9(
C(DH—C(3)—C(4) 117.1(9) - C(8)—C(9—C(10) 121.4(9) C(14)—C(15-C(16) 118.6(C
C(3)—C(4)—C(5) 122.6(9) T C(9)—C(10)—C(11) 117.9(9) C(15)—C(16)—C(17) 119.9C
C(4)—C(5)—C(6) 119.8(10) C(10)—C(11)—C(12) 121.3(9) - C(16)—C(17)—C(18) 120.3(}3
C(5)—C(6)—C(1) 121.7(9) C(ll)—C(lz)—C('l) 121.3(8) C(17)—C(18)—C(13) 123.1(‘

2 Bond distances and angles in the coordination polyhed.ron are given in Table 3. b Standard devht.ionl occumnz
in the last significant figure are given in parentheses.

a e

The values of the M—O—As angl&s (Table 6), whxch range from 122 to 159°
indicate that only bent coordination by TPAO occurs, in contrast with the case
with TPPO, for which both linear and bént coordination’ have been: observed [4]. -

The nitrate group is bonded as unidentate ligand to tin and its orientation is -
defined by the d.lhedral angle of 4.7 -its plane ma.kes w1th NO(l)Sn plane." Its-
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TABLE 7
INTERMOLECULAR CONTACTS (A) LESS THAN 3 60A“C

0(4) ... C(27 5 328 0(3) ... C(35 ) 3.22
0(4) ...c(28 Y 3.42 0(4) ...caoh 3.26
€0 ...c 3.50 c(12)... c(22") 3.50
0(3: ... €(34 1) 3.47 0(4) ...C(30 ) 3.52

Soare0.0L A:fX, 1/2+y.1/2—2: 12—, y.z—1/2-"‘ X y.z— 1: 1724 x.—1/2— y.F.

differs significantly from these mean values, which agree fairly well with those
accepted for aromatic rings.

Packing is due to weak Van der Waals interactions (Table 7), as steric factors
due to the bulky phenyl rings tend to maximise the intra- and inter-atomic
distances.
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