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From the reaction of nitratotriphenyltin with
bis(diphenylphosphine)ethane, a dinuclear adduct of
formula [{SnPh3(NO;)},{OPPh,(CH,),Ph,PO}] has
been obtained, in which the organic ligand is present
in oxidised form. Crystals are triclinic (P1), with unit-
cell dimensions: a = 12,519(15), b = 11.798(12), c =
10.39910) A, « = 98.2(1), 8 = 89.2(1), v =
111.2(1)°, Z = 1. The structure has been determined
from diffractometer data by conventional Patterson
and Fourier techniques and refined by full-matrix
least-squares to an R value of 3.68% for 4291
independent reflections. The adduct has a trigonal
bipyramidal coordination geometry with the three
phenyl rings occupying equatorial coordination sites,
while the unidentate nitrate group and the bis(di-
phenylphosphinyl)ethane molecule are trans to each
other and occupy the apical positions.

Introduction

The versatility of the nitrate group as a ligand in
metal complexes is well known [1] and it has been
recently experienced in our laboratory in connection
with some organotin compounds in which the pre-
sence of nitrate groups contributes to produce an
unusual stereochemistry for tin [2] as well as an
interesting molecular packing [3]. Moreover, the
covalent nitrate group exhibits strong oxidising
powers, which can transform, for example, aliphatic
hydrocarbons into carboxylic acids [1]. Such a
property has been experimented by us towards
alcohols and phosphines in two adducts of Ph,Sn-
(NO3), and Ph;SnNO; with n-propylsulphoxide [4]
and triphenylphosphine [5], respectively.

From the reaction of nitratotriphenyltin and bis-
(diphenylphosphine)ethane, a dinuclear tin adduct
has been now obtained containing the parent diphos-
phine in its oxidised form: [{SnPh(NO,)},{OPPh,-
(CH,),Ph,PO}].

This paper deals with the synthesis, the IR spectro-
scopic properties and the X-ray crystal analysis of this
compound.

TABLE 1. Crystallographic Data.

C&HgNzogpzsnz M=1254.5, triclinic*
a=12.519(15),b = 11.798(12), c = 10.399(10) A;
«=982(1), £=89.2(1), ~y=111.2(1)%

v=1416 A}, Z=1; Dy =145,D,=147gem 3;
F(000) = 634; p(MoKa) = 8.99 cm™ !
Space group: P1.

*The present cell does not meet the requirement of the con-
ventional triclinic cell to have 2 < b < ¢ and all the angles
either acute or obtuse, but this can be easily obtained by
applying the transformation matrix: 00 1/0 10/100 @ =
10.399, b = 11.798, ¢ = 12.519 A; « = 81.8, 3 =89.2, v =
68.8°). The usual reductions indicated the absence of higher
syminetry.

Experimental

Nitratotriphenyltin and bis(diphenylphosphine)-
ethane dissolved in anhydrous acetone were reacted
in equimolar amounts at room temperature under
dry nitrogen atmosphere. From the solution after
several hours by slow evaporation under reduced
pressure, colourless air stable crystals were obtained.

Space group information and preliminary unit-
cell dimensions were obtained from Weissenberg
photographs. A tabular crystal of approximate dimen-
sions 0.06 X 0.25 X 0.33 mm was mounted on a
Siemens AED single-crystal diffractometer and
aligned with its ¢ axis coincident with the ¢ axis of
the instrument. The orientation matrix and the
final unit-cell dimensions were obtained from a least-
squares fit of #, x and ¢ values from 24 reflections.
Table I lists the most significant crystallographic data.
Intensity data were collected by use of Zr-filtered
MoKa radiation using the «»>-26 scanning technique.
A total of 6176 independent reflections were
measured in the range 5.0° < 20 < 54.0°, and of
these 4291 were considered “observed” having I >
20(I). A standard reflection (2 2 2) was remeasured
every twenty reflections to detect long-term drift in
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TABLE II. Fractional Atomic Coordinates (X 10° for Sn and X 10* for P, O, N and C) for non-Hydrogen Atoms.

x ¥y z x ¥y z
Sn 19643(3) 27048(3) 22883(3) C(18) 1363(7) 3689(7) 4987(8)
P 1767(1) 486(1) 4405(1) c19) 1730(4) —-10404) 3941(5)
C() 202(7) 1902(7) 1734(7) C(20) 1856(4) —1707(5) 4890(7)
C(2) -383(7) 653(8) 1419(7) C(21) 1804(5) —2894(6) 4520(10)
C(@3) —-1532(8) 184(10) 1135(9) C(22) 1649(6) —3396(6) 3249(10)
C4) -2136(9) 959(11) 1175(11) CQ23) 1512(7) ~2749(6) 2311(9)
C(5) ~1577(9) 2186(12) 1483(11) C(24) 1534(5) -1579(5) 2651(7)
C(6) -435(9) 2650(10) 1766(10) C(2%5) 3026(4) 1311¢4) 5422(5)
() 3478(6) 2556(7) 1476(7) C(26) 4038(5) 1203(7) 5049(8)
C(8) 3729(8) 1516(9) 1418(9) c27n 5034(6) 1846(8) 5794(9)
C(9) 4754(9) 1476(11) 961(11) C(28) 5010(6) 2575(7) 6917(8)
C(10) 5536(8) 2474(12) 543(10) C(29) 4021(5) 2703(6) 7299(6)
c(11) 5314(8) 3517(13) 612(11) C(30) 3027(5) 2072(5) 6554(6)
C(12) 4290(7) 3575(9) 1081(9) c@31) 555(4) 364(4) 5396(5)
C(13) 2253(6) 3823(6) 4134(7) o) 1698(3) 1025(3) 3209(3)
C(14) 3331(7) 4641(7) 4575(8) 0Q2) 2150(3) 4341(3) 1353Q3)
cas 350009) 5278(9) 5822(9) 03) 1755(5) 3177(5) —525(4)
C(16) 2618(9) 5115(9) 6641(9) 0(4) 1683(5) 4981(5) —304(5)
ca7n 1552(9) 4325(8) 6234(8) N 1851(4) 4156(5) 130(5)

TABLE Il1. Fractional Atomic Coordinates (X 103) and Thermal Parameters (A2 X 102) for Hydrogen Atoms.

x ¥y z 7 x ¥y z 7

H(2) —~5(4) 12(4) 140(5) 5(1) H(18) 64(5) 321(5) 473(5) 6(2)
H(3) —189(5) —52(5) 107(6) 8(2) H(20) 199(6) —142(7) 574(8) 9(3)
H(4) -291(5) 57(5) 108(6) 9(2) H(21) 194(6) —333(7) 513(7) 12(2)
H(S) ~188(5) 264(5) 155(5) 7(2) H(22) 153(7) ~420(8) 305(8) 14(3)
H(6) -12(4) 335(5) 199(5) 5(1) H(23) 134(7) -308(7) 157(8) 12(3)
H(8) 323(5) 94(5) 176(6) 9(2) H(24) 134(5) ~121(6) 210(6) 5(2)
H(9) 493(5) 77(6) 88(6) 9(2) H(26) 402(7) 70(7) 431(8) 9(3)
H(10) 632(5) 247(5) 22(5) 8(2) H(27) 578(6) 180(6) 545(7) 12(2)
H(11) 581(5) 416(6) 33(6) 9(2) H(28) 566(6) 310(7) 738(7) 11(2)
H(12) 4184) 437(4) 109(4) 5(1) H(29) 390(5) 312(6) 795(7) 10(2)
H(14) 391(4) 485(5) 389(5) 6(1) H(30) 237(6) 217(6) 684(6) 7(2)
H(15) 417(4) 579(5) 610(5) 7(2) H(31) 59(4) 114(5) 569(5) 4(1)
H(16) 266(4) 547(4) 744(5) 6(1) H'(31) 67(4) 1(5) 619(5) 5(1)
H(17) 96(5) 420(5) 676(6) 7(2)

the equipment or changes in the crystal. The intensity
of this reflection as a function of X-ray exposure
showed only small random fluctuations. The data
were corrected for Lorentz and polarization factors,
while no correction for absorption effects was made.
The structure was solved by the heavy atom
technique, assuming the centrosymmetric space group
P1. The intensity statistics did not permit to distin-
guish clearly between the centric or acentric space
group. The coordinates of the tin atom have been
derived from a three-dimensional Patterson map. A
Fourier synthesis phased on tin yielded a clear picture
of the whole molecule with the exclusion of the
hydrogen atoms. Two cycles of isotropic full-matrix
least-squares refinement followed by three cycles of

anisotropic refinement yielded a conventional R
index of 0.046. The shifts of the atomic parameters
were negligible, all being well below the correspond-
ing 0. A difference Fourier map performed at this
point gave sufficient evidence for a sure location of
all hydrogen atoms. Two further cycles were
computed including the H atoms with isotropic
thermal parameters. The final R was 0.0368
(observed reflections only). The quantity minimized
was Ew (F, — F)* with w = 07%(F,). Scattering
factors were taken from Cromer and Mann [6] for
non-hydrogen atoms and from Stewart, Davidson and
Simpson [7] for hydrogen atoms. As a final check of
the correctness of the structure, a difference Fourier
synthesis was calculated and found to contain no
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TABLE 1V. Anisotropic Thermal Parameters (A2 X 10* for Sn, P; A2 x 10 for O, N, and C) for non-Hydrogen Atoms.*

Uy Uz Uss Uzs Uss Uy,
Sn 442(2) 358(2) 399(2) 56(1) 31(1) 174(Q1)
P 324(5) 334(5) 472(6) 75(4) 38(4) 138(4)
C(1) 50(4) 52(4) 42(4) 7(3) 1(3) 24(3)
C@ 61(5) 55(5) 40(4) 3(3) -3(3) 25(4)
Cc33) 57(5) 65(6) 61(5) -1(4) -11(4) 7(5)
C@4) 47(6) 106(8) 89(7) —11(6) -12(5) 31(6)
C(5) 67(6) 98(8) 104(8) —-13(6) -20(5) 57(6)
C(6) 72(6) 62(6) 77(6) -8(5) -17(5) 39(5)
C(7) 42(4) 51(4) 40(4) 1(3) 1(3) 16(3)
C(8) 54(5) 55(5) 78(6) 1(5) 144) 21(4)
C(9) 68(6) 78(7) 93(7) -7(6) 10¢5) 38(6)
C(10) 43(5) 123(9) 65(6) 9(6) 74) 32(6)
C(11) 38(5) 12009) 91(7) 50(7) 8(4) 12(6)
C(12) 45(5) 67(6) 68(5) 33@4) 0(4) 12(4)
C(13) 50(4) 37(3) 46(4) 6(3) 1(3) 21(3)
C(14) 48(5) 52(4) 56(5) 14) -2(4) 16(4)
C(15) 53(6) 64(5) 72(6) -134) -20(5) 19(5)
C(16) 84(8) 67(5) 47(5) -9(4) -8(5) 42(5)
Cc(17) 75(6) 63(5) 53(5) 7(4) 18(4) 34(5)
C(18) 47(5) 45(4) 55(4) 6(3) 7(4) 12(4)
cQ19) 32(2) 37(2) 76(3) 13(2) 9(2) 16(2)
C(20) 50(3) 49(3) 95(5) 26(3) 0(3) 20(2)
C21) 60(4) 49(3) 160(7) 38(4) 34) 28(3)
C(22) 72(4) 38(3) 183(9) 8(5) 29(5) 27(3)
C(23) 92(5) 56(3) 118(6) -114) 21(4) 28(3)
C(24) 69(3) 44(3) 80(4) 3(3) 10(3) 25(3)
C(25) 39(2) 42(2) 52(3) 10(2) -5Q2) 10(2)
C(26) 36(3) 96(4) 90(5) -13(4) 03) 17(3)
Cc(@2mn 36(3) 117(6) 126(6) 2(5) -2(4) 18(3)
C(28) 58(4) 86(5) 95(5) 54) -24(4) 8(3)
C(29) 67(4) 84(4) 72(3) -12(3) —-18(3) 20(3)
C(30) 55(3) 59(3) 66(3) -5(2) -11(3) 19(2)
Cc@31) 36(2) 44(2) 49(3) 5(2) 5(2) 15(2)
o) 50(2) 38(2) 55(2) 12(1) 5(1) 17(1)
0o2) 79(3) 52(2) 55(2) 16(2) 4(2) 31(2)
0(3) 118(4) 97(3) 56(2) 9(2) 3(2) 56(3)
04) 146(5) 107(4) 88(3) 55(3) 25(3) 81(4)
N 76(3) 73(3) 61(3) 30(2) 20(2) 39(3)
*The temperature factor is in the form: exp[~2n2 (U h2a*? + Upk2b*? + .. + 2Uphka*b™)].
TABLE V. Selected Bond Lengths (A) and Angles (°). TABLE V. (continued)
Sn-C(1) 2.113(8) CQ17)-C(18) 1.38(1) C(9)-CQ0) 1.35Q2) C(23)-C(24) 1.37(1)
Sn—C(7) 2.119(8) C(18)»-C(13) 1.39(1) C(10)—C(11) 1.35Q2) C(24)-C(19) 1.38(1)
Sn—C(13) 2.124(7) N-0O(2) 1.297(6) c11)-C12) 1.391) C(25)-C(26) 1.36(1)
Sn-0(1) 2.238(5) N-0(3) 1.221(8) C(12»-C(M 1.38(1) C(26)-C(27) 1.38(1)
Sn—0(2) 2.220(5) N-0O®4) 1.213(9) C(13)-C(14) 1.38(1) C(27)-C(28) 1.36(1)
C(1)-CQ2) 1.38(1)  P-O(1) 1.492(4) C(14)-C(15) 1.38(1)  C(28)-C(29) 1.35(1)
C(2)-C(3) 1.36Q1) P-C(19) 1.780(5) C(15)-C(16) 1.36(1) C(30)-C(25) 1.37(1)
C(3)C4) 1.38(2) P-C(25) 1.788(5) C(16)-C(17) 1.35(1) Cc@3 1)-C(31% 1.52(1)
C(4)-C() 1.35(2) P-C(31) 1.795(6)
C(5)-C(6) 1.35(2) C(19)-C(20) 1.391) C(1)-Sn—C(7) 134.5(7) 0OQ)-P—C(19) 108.9(5)
C(6)-C(1) 1.38(2) C(20)-C(21) 1.38(1) C(1)-Sn-C(13) 111.9(7)  O(1)-P-C(25) 114.8(6)
C(1)—C(8) 1.37(1) C(21)-C(22) 1.36(Q1) C(7)-Sn—C(13) 113.5(7) O)-P-C(31) 111.7(6)
C(8)-C(9) 1.38(2) C(22)-C(23) 1.37(1)

(continued overleaf)
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TABLE V. (continued)

0(1)-Sn-0(2) 177.6(5) C(19)-P-C(25) 107.7(5)
C(1)-Sn-0(1) 86.3(5) C(19)-P—C(31) 106.3(6)
C(1)-Sn-0(2) 91.3(4) C(25)-P-C(31) 107.1(5)
C(7)-Sn-0(1) 89.2(4) P-O(1)-Sn . 148.3(8)
C(1-Sn-0(Q2) 92.6(5) P-C(31)-C(31%) 110(1)

C(13)-Sn-0(1) 91.4(4) P-CQ25)-C(26) 119(1)
C(13)-5n-0(2) 89.3(4) P-C(25)-C(30) 123(1)
C(2)-C(1)-Sn 124(1) P-C(19)-C(20) 119(1)
C(6)-C(1)-Sn 119(1) P-C(19)-C(24) 120(1)
C(8)-C(7)-5n 123(1) N-O(2)-Sn 117.5(6)
C(12)-C(7)-Sn 119(1) 0O(2)-N-0(3) 119Q1)
C(14)-C(13)-Sn  122(1) 0(2)-N-0(4) 117(1)
C(18)-C(13)-Sn  120(1) 0(3)-N-0(4) 123(1)

i=%,7,1-z2

features of chemical significance. The maximum
residual electron density was 0.85 ¢ A3, mainly in
the region near the tin atom.

Tables II and IIl list the final fractional
coordinates and the corresponding estimated standard
deviations for the non-hydrogen and for the hydrogen
atoms respectively. Table IV reports the anisotropic
thermal parameters of the non-hydrogen atoms. A
list of calculated and observed structure factors has
been deposited with the Editor.

All calculations were carried out at the Centro di
Calcolo Elettronico Interuniversitario dell’Italia Nord-
Orientale, Casalecchio, Bologna.

Results and Discussion

From a chemical point of view the most interest-
ing feature of the present compound is given by the
oxidation, caused by the action of the covalent
nitrate group, of bis(diphenylphosphine)ethane to
bis(diphenylphosphinyl)ethane. This latter molecule
coordinates to tin through its oxygen atoms and is
responsible for the dinuclear nature of the com-
pound; the centre of gravity of the C(sp®)-C(sp?)
bond is located on a crystallographic symmetry
centre. As can be seen from Fig. 1, three carbon
atoms from the phenyl rings and an oxygen atom
from the nitrate ion complete the coordination to tin
which so results to be trigonal bipyramidal with the
aromatic rings occupying the equatorial coordination
sites and the two oxygen containing ligands at the
apices of the bipyramid. Tin is nearly coplanar with
the three attached carbon atoms, being only 0.04 A
out of the C(1) C(7) C(13) plane; the phenyl rings
are tilted differently with respect to the equatorial
plane, the angles they make with this plane being
52.4° (C(1)..C(6)), 69.2° (C(7)..C(12)) and 19.2°
(C(13)...C(18)).

M. Nardelli, C. Pelizzi, and G. Pelizzi

c(18) ca7)

ct14)

ci1s)

(o)

Figure 1. Projection of the structure. For clarity hydrogen
atoms are omitted.

Table V lists bond distances and angles; individual
angles within the phenyl rings have not been listed as
they are of no consequence and are not used in the
subsequent discussion. The values of the bond angles
at tin indicate that the distortion from the ideal tri-
gonal bipyramidal geometry is small but significant,
and is reflected particularly in the equatorial angles
which are 111.9(7), 113.5(7) and 134.5(7)°. The
angles between axial and equatorial sites range from
86.3 to 92.6°, while the two bonds Sn—O(1) and Sn—
O(2) are approximately collinear (0-Sn—O = 177.6°).

In Table VI all the five coordinated triphenyltin
derivatives of known crystal structure are reported
for a comparison; the data tabulated refer to the
coordination polyhedron which in all compounds
is a trigonal bipyramid. In comparing these data it is
noteworthy that in seven out of the nine compounds
all the three phenyl rings occupy the equatorial posi-
tions; only in SnPh3(PhCO-PhNO) [8] and in SnPh;-
(PhC(O)CHC(O)Ph) [9], where the oxygen contain-
ing ligand acts as bidentate, one of the phenyl rings is
constrained to occupy an apical position. This situa-
tion is responsible for some interesting differences
found between the two aforementioned and the



185
lex

in Comp

f Dinuclear Tin

treo

Strucu

ial to
Xia
the a' the
€ R
instanc eanty in the
. for lin e to th
oo, o s lose fo the
mpo oved fr it i 2-177.6
co em hile 71. ing
ven T 1emo w (1 then .
her se is fa 63.7), d one t leng torial
ot gle 1 cond ifican ua
xial an (157.2, the se t sign from eq bonds
2 te e i w ven er
@ expeecover ther distance 2.124(52:‘ina_11y, leane is rat{lhe
v : ﬁ Morthe Sn—‘flted me’a;;(s) A)' uatorial I;rtheless e all
— » r
5 © o meve (v\,eighte?ar distort;ﬂ cO“ﬁEn the p};e valenci)ordina'
& = ) <t l\‘o"\°\°|\ € angu le in ined w ethre. the ¢ ingis
& 58 o 5% i 2% 3 z}énsidetryati’s maint;‘?n 0§6(t)h00), wdhlvlfhen P
S - = 2 8 . @ 1 he istorte i '
=S 8 S RN 2D I3 - Planatorial (t 358.0 to tly dlstorgles being inyl)
2 | % ' S San equa from ignifican cc an hiny
2 = "l‘ : (S £ £ % g : ranging e is Slg;.uthe valen henylphosgtrictly
g S = 8 2% = N é lan 0 is(dip ith d
g2 4 8 R Se8e tion pthe sum st bis( ison wi (1) bone
a l:, . : ~ — - xlal ( the ﬁ Ompar he Sn—o n thos
) ] Rl —~—~— a . is is c " T ee i
1 S g = = 5 88 35 354'.51 this luct, s possible. iate betw xide - tin
) Q= — S a = <« Sinc in add Is p edi : o [2]
§8| d - s o8 O-W"*m in unds is term hine 0) )
Ch a 3 2 N —t 0 in sp P
<<= 8 8 8 = 3 == ethane us COmp(S) A, is henylphoN03)z(Ph3The struc
€ 8 = 8 g == ac alogo 238 trip Ph,( [51. nd in
= n ps = == s A al'l nce, 2,' two Sn PO) le fou the
g g 8 2 s 22 SEea obaed §n148(6)phi,N°3)(P}‘1§ molecu Wi,t-};(l 2-
> — ~ o0 o — = — . ani . 1 »
= —_ (@) ; O oo ‘: — - o Cts’ A Sn he org falrly na- - 15]
g ® & = 8 8& ac addu 9(2) A, of t ree in cate P [
£ ) x a gaaq sasc 22 ers d ag in 1) 1]-
3 g | g = 8 8 Ss TSES an?al Pa‘anfetcompounobserveglof°°°p§1ritnyl)eﬂgge
g | & 8 = e = 1 “e% = tu sen nes edic hos ey o .
s | = o & 8 < === resent o han ylp urv om
S b} 8 & 3 ~= =3 the p nding ylet diphen LAs allc
R B co8 cor;eS£$phOSP?ﬁ?or°{‘iéera“hﬁ‘vfs]that Cant
& 8 = - ~ I3 ipheny trich co s orus icula
£ g Z 3 g g¢ e g8 ot mmonumoop Vi phosphor. e arhich
B g = 2\ Q : aa o Zimethyla given ln.on aroun tetrahs_c angles cr-C
a N P XD = in data inati lar he n
g S 8 g . 2 in rdinat regu 0- ft tro
g =5 2t SE5E main & od a5 quite es of the those of th o3 The
e S0 PR PRABABCIE: pou idered he valu r than he incre le bond the
Q ~ -4 1
g €2 = =1 2 £ RN $ Q9 i consuse of tﬂy 1ar!§e with 1t>—0 dou%entical 1;) is
= S =2 P ‘%; Q G4 GG becasigniﬁc?glreemenith th; is nearlyll 496(2) lphos-
° 3 e334 Q = ~ are in iated w hic n '.heny
g £ A v - S es, ociat d,w mean triphen; form
g |2 1141311 g% g88s Zﬁfsityf s lastd"f'iweighfiierved $orh°’["1‘?s’1° ). The
= = 556 & =z ¥ - o n at or ean
> | & & S %3 *a ~ alue pou that the o form 3) (m
= < S 3 s N v com 1 than Ain linic (sp”) ven
-9 — = o oo three longe 46(1) onoc d P-C ore 2
= 2 ] X ightly Ic e A o arable to sp”)
% % : = 6 a = § E SI;gine 0xld§(2() A 1I1794(4) Ae)compa:(a)bthe PICt(hl'ee
5 " g g3 phs 17, %) (mean emgths “assigned ds. In al three
5 [} = a < ~ « oo [ sz) bond ally a b()n .-ficant'ly iOn’
S s s ® o~ o ) g P_C(S(S) A) those usut single is signi ) vibrat 111
- i . 8 ~ el — — O len . ty V ’
& i AT g% Sgoz i than3) MOp nd the AV T eeoment
R o a 6\7 l:/ E § = 8 o ; (T) Smd P_Cgspthe M—(I:—l;oundf al’ed datis in agl'e afore-
- » ST b8 o n S 0 infr. ich (o}
s 3 8 2 %23 ~§ S L a oun nt ¢ her in hic tw .
= 5 Q v%":NN Y g e e omp rese ith ot lue w in the lexe
; F - O ~ [72] C € p wit 4 a va n A Oomp. . nd
%D ;:; : S $ Lf i ;ﬁ £ 7] '_5\ Int fihtogetilizs cm 1}’, observi)dxide t:lnerc[tate ;;goa(S)
S| g 7 17 4 &4 & liste at ious hine uni 2. d
| 8 o 18 revi hosp as ur nce, rve
ofl g 5 G b = appeathose p henylp acts d dista s obse te
& “ A ith trip oup bond bond itrate
g |- g £ menti""e:liitfateThger S“_O(fe)spondmfideﬂtag )n[19];(
& 8 ) The . € corresp u NO; 2)
I b 00, TS contagl:zémﬁfsgiz-%ﬂrm-
% ~ —~ 8 'g 8 9! 8 N Compaompoun(3) A n (NO3)]2 (6) A In
z = S 2 5 £ < = tin ¢ ) 2.22(OH)M62]_ 2274
< ~ w g ~ in &L ’
£ 5 & - ELE 243 S ;roups’ Kin [S;‘mPO) 5
5 =} T CEY E A‘“o”m Z 30(3) (NO3X(
& Z, g qusaozom 2. Ph,
= z = o ?-90‘“05:’,"’5 in Sn
2 5 g 052-93%5=
b Z [53 \'(:,S 9 S A ‘:\z)—'
3 T g £ 3 g < 2 CoC v
k= b s g ES&ES Eviu
2| = 2 E T EgEg
> 3 £ £ 4 a&
) 1) = &
-l g 7]
m (o]
< Q
=



186

M. Nardelli, C. Pelizzi, and G. Pelizzi

TABLE VIl. Comparison of Some Structural Parameters (Distances in A, Angles in °) in Complexes Containing the Diphenyl-

phosphinylethane Moiety.

1

11 111

PO 1.497(2)
P-C(sp?) 1.793(3) 1.801(3)
P—C(sp) 1.809(3)
C(sp®)-C(sp°) 1.522(8)
0-PC (sp?) 108.8(1) 112.6(1)
0-P—C(sp?) 112.3(1)

C(sp?)-P-C(sp®) 107.6(1) 104.6(1)

C(sp*)-P-C(sp?) 110.8(1)
P-C(sp)~C(sp°) 112.4Q2)
P-O-M 148.9(1)

1.51(2) 1.49Q2)
1.76(2) 1.85(2)
1.85(3) 1.78(1)
1.76(2) 1.82(3)
1.55(4) 1.594)
118(1) 106(1)
109(1) 111(1)
109(1) 116(1)
102(1) 111(1)
105(1) 112(1)
107(1) 106(1) 107.7(5)
116(2) 112(2) 110(1)

143(1) 148(1) 148.3(8)

1.492(4)
1.780(5) 1.788(5)

1.795(6)
1.52(1)
108.9(5) 114.8(6)

111.7(6)
106.3(6) 107.1(5)

I catena-u-bis(l,2-diphenylphosphinyl)ethanedichlorocopper(1l) [15]; II trichloro{[2-(diphenylphosphinyl)ethyl]dimethyl-
ammonium}copper(l]) [16] (two independent molecules in the unit cell); III u-bis(diphenylphosphinyl)ethanebis(nitratotri-

phenyltin) (present work).

TABLE VII. Main Vibrational Bands (cm ') and Relative
Assignments.

Frequency Assignment Frequency Assignment
3070 w v(CH) ary1 1145 s v(PO)
3050 w 1120 m v(PC)
2960 w v(CH)g1xy1 1025 mw v(NO)
2920w 1000 sh 1ing
1590 m v(CO) 990 s

1580 sh 810 w §(NO3)
1495 vs vas(NO) 730s v(PC)
1480 s 530 m §(PC)
1435 m ring 455 ms v(PC)
1430 m 280 m v(Sn0O)
1410 w

1285 vs vg(NO) 265 m v(SnC)
1260 sh

(NO3)(Ph;As0) [13]; 2.245(8) A in SnPhy(NO;)-
(CsHsNO), monoclinic  form  [11]; 2.227(8),
2.253(7) A in SnPh3(NO3)(CsHsNOQ), triclinic form
[12]. A second oxygen atom, O(3), is at 3.087(6) A
from tin. Within the nitrate group the differences
in bond distances and angles seem to be due to bond-
ing effects, since the N—O(2) bond, which involves
the coordinated oxygen atom, is significantly longer
(1.297(6) A) than the others two, with N-O(3)
(1.221(8) A) and N-O(4) (1.213(9) A) practically
indistinguishable. As a consequence of this fact, the
O(3)-N-0(4) angle (123(1)°) is larger than the other
two (119(1), 117(1)°) and greater than 120° as
usually observed in this mode of coordination. The
NOj; group is perfectly planar and its plane makes an

TABLE IX. Significant Packing Interactions (A).

c@2)..c2h 3.42(1) 0@)..c22iy 33301
C(3)..c(8Y 3.65(1) o@)..ca1y  3.56(1)
0(4)...c(161) 3.37(1) Cc(1)..c(a6"%)  3.65(1)
c@a1)..cot 3.67(1)
i %73 W l-x1-y7%
iix,y,z-1 v 1-x1-y,1-2

iiix,1+yz

angle of 73.6° with the equatorial C(1)C(7)C(13)Sn
plane. The structural situation of this ion is not well
clear from the infrared spectra (Table VIII): unfor-
tunately the combination bands in the 1800-1700
cm ! region, which are indicative of the nitrate
behaviour, are not easily assignable owing to their
too weak intensity; moreover the frequency values of
the asymmetric and symmetric stretching modes
(vas — ¥ = 210 cm™') can be considered as inter-
mediate between those characterizing unidentate and
bidentate nitrates.

The molecular packing is determined by normal
van der Waals interactions. As can be seen from
Table IX, which lists some significant packing con-
tacts, the C...C intermolecular distances are all longer
than 3.6 A, with the only exception of the C(2)...
C(2}) interaction which is 3.42 A; the closest C...0
approaches are 3.33 A,
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