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Summary

_ Compounds of the general formula PhySn, (OOCR), (R = Et, n-Pr, i-Pr,
t-Bu, CH,Ph) have been prepared. The IR spectra and molecular weights indi-
cate that these compounds exist in solution as monomeric species Wlth a car-
boxylate group bridging two tin atoms.

The analogous compounds, Ph, Sny (OOCMPh3 ), (M=C, Si and Ge) also
appear to be monomeric in solution. The IR spectra of the silicon and ger-
manium derivatives are consistent with the existence of (d—p)7 bondmg mter—
action between the silicon or germanium and carbonyl—oxygen atoms.

Introduction

A previous study [1] showed that 1,1,2 ,2-tetraphenyl-1, 2-b1s(acyloxy)
ditins of the type PhySn,(OOCR), (R = CH3, CH,Cl, CHCl,, CClg, CF; ) are
monomeric in solution. The carboxylate hgand in these compounds acts asa
bridging group between two tin atoms, as in (I).
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A prehmmary X-ray mv&stlgatlon [2] has. shown that the acetate
Phy Snz(OOCCHa )2 is‘a binuclear five-coordinate tin complex havmg a shg"ltly
d1storted tngonal-blpyraxmdal conﬁguratlon mth two phenyl groups and a. tm



) atom occupying equatorial positions, and oxygen atoms in axial sites, as in (I).
k Tin-119 m Massbauer spectroscopy [3] has provided additional information
_concerning the electron density and site symmetry at the tin nucleus for several

- PhySny (OOCR); compounds (R = CH;, CH,Cl, CHCl,, CCl, CF3, Ph). The

observed p values (p = A/8) in the range 2.12 - 2.45 satisfy Herber’s cnterlon
[4] for pentacoordmate tin in all the compounds examined..

As an extention of previous studies [1] on the behav1our of the carboxy-
late hgand ‘we have prepared some other Ph, Sn, (OOCR), compounds, with
- R =Et, n-Pr, i-Pr, t-Bu, CH,Ph, by the method previously described [5]. It
thus - appeared of interest to prepare the series of compounds PhysSn,-
(OOCMPh;), (M =C, Si and Ge), in order to see how the positions of the
infrared absorptions are affected by the possibility of interaction between the
unshared electrons of the oxygen atom of the carbonyl group and the ava:lable
d-orbitals of silicon and germanium.

‘ Experimental

Materials

' Tnphenylacetlc acid, diphenyltin dichloride, triphenylchlorosilane and
triphenylbromogermane were obtained from Schuchardt (Miinchen} or Alfa
Inorganics, Ventron (USA). =
, 'All chemicals and solvents were of reagent grade. IR spectra were recorded
on a Perkin—Elmer Model 457 equipped with KBr optics. Molecular weights
were detennmed in chloroform with a Mechrolab Model 302B vapour phase
osmometer : .

Preparation of PhySny, (OOCR), compounds
The compounds Ph,Sn, (OOCR), (R = Et, n-Pr, i-Pr, t-Bu, Ph, Ph—-CH2
and PhgC) were prepared by the reaction of diphenyltin dihydride in ether
. with the appropriate acid according to the method of Sawyer and Kuivila [5].
Analytlcal and physical data of the compounds are listed in Table 1.

Preparatlon "and  characterization of Ph4 Sna( OOCMPh3 )s 'conipounds
(M =8i, Ge)

20 m! of an ether solution containing about 5 mmol of diphenyltin di-
hydride was treated with 1.21 g (4 mmol) of triphenylsilane carboxylic acid
prepared as previously reported [9,10]. During 24 h hydrogen was evolved in
the expected amount and a crystalline colourless product was formed, to give
after filtration, 1.15 g of crude product. Recrystallization from:chloroform—
petroleum ether (40 - 70°) gave a final product PhySn,; (OOCSiPhg }s (II) melt-
ing at 176 - 178°. (Found: C, 64.15; H, 4.25. Cg H5904SiaSn, caled.: C,
64. 58 H, 4.37%. Mol. wt. found in chloroform, 1080; calcd.: 1151.9; )

The same procedure was used to prepare the Ph, Sny (OOCGePh, )o com-
: pound (HI), m.p. 185 - 187°. (Found: C, 59. 61 H, 4.10. 062H5004 Gez Snz
“-caled.: C, 59. 97 H, 4 03%. Mol. wt. found in chloroform, 1170 calcd .

—::1240 6.) ' : ,
Compounds (II) and (III) show a band at 1110 and 1090 cm 1 respec-f ,
' ',tlvely, correspondmg to. the “metal-sensmve” C—H out-of-plane bendmg v1bra-;



TABLE 1

"ANALYTICAL AND PHYSICAL DATA FOR Pthnz (OOCR)> COMPOUNDS

MoLwt.found9

R M.p. TYield” " Analysis tound (calcd.) (%)
: : (c)v ®) _ . - (caled.). . - .
. C . __H
Et 155 5 51.90 ° © 4.56 . - 644 -
) (52.06) (4.30) . (B91)
n-Pr 140 70. 53.54 4.717 704 . .
' (53.30) (4.76) (719)
i-Pr 148 8 53.50 4.71 727 -
. : . (53.30) (4.76) 19y
t-Bu 166 62 54.43 5.14 776 .
- - (54.50) (5.20) (747
Phb 184 64 58.20 '8.71 742
(57.92) (3.84) (787)
CH,—Ph 151 69 59.16 ‘4.21 782
: . (58.80) (4.10) (815)
CPhy 230 58 68.83 4.61 - 1070
(68.60) (4.46) (1119)

a Extrapolated values for C—0 determined in chloroform solution in the concentration range 2.5—20 mg/ml.

This compound has been prepared previously [5].

tions [11,12]. In both spectta a band at 1070’'cm~—1 is also present, and arises

from the same deformation with tin as the substituent.

The two compounds were also treated with concentrated aqueous sodium
hydroxide. After filtration of a solid residue, which was identified as Ph, SnO,
the filtrate was acidified with HCI and the resulting solution was extracted with
ethyl ether. Distillation of the organic layer gave triphenylsilane or triphenyl-
germane carboxylie acid.

TABLE 2

CARBOXYLATE GROUP FREQUENCIES (em

NUJOL MULLS AND IN CHLOROFORM SOLUTION

'y OBSERVED IN PhsSn,; (OOCR); COMPOUNDS IN

R Medium v, (CO0) vg(CO0)
Et Nuijol 1525 1410
CHCl3 1520 1400
n-Pr Nujol 1525 1405
CHCly 1520 1405
i-Pr Nuijol 1525 1410
CHCI3 1520 1410
t-Bu Nujol 1516 1415
CHCl3 1520 1420
Ph Nuijol 1515 1390
CHCl3 1520 1395
CH,;—Ph Nujol 1525 1415
CHCl3 1525 1420
CPh3 Nujol 1535 1358
CHCl, 1535 1355
SiPhjy Nujol
CHCl3
Nujol

- GePhy

. CHCly -
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, Results and dlscussmn -

S The d1t1n compounds hsted in Table 1, and 1 1 2 2—tetrapheny1—1 2- bls(trl-
phenylsxlanoxy)dltm (II) and 1,1,2 2-tetxaphenyl-1 2-bis(triphenylgermanoxy)-

ditin (III). are monomers in chloroform as are the compounds of the type

Ph4 Snz(OOCR)z (R CH3, CHzCl CHClz, CC]3, CF3) prev1ously studied

" [1]. The IR spectra of solutions are very similar in all cases to those recorded .
on Nujol mulls (cf. Table 2): the asymmetric and symmetric COO stretching

vibrations do not change their positions, and it seems reasonable to attnbute

structure (I) to all the compounds.

It is noteworthy that the values of v, (COQO) and v, (COO) stretching vibra-
tions given in Table 2 are only slightly dependent on the nature of the car-
boxylate R groups. On the contrary, a shift of the two COQO stretching vibra-
tion bands [»,(COO) from 1530 to 1625 cm ™ for Ph,Sn,(OOCCH;),, and
vs(COO0) from 1405 to 1336 cm—1 for Ph,Sny (OOCCF;3),)] [1,13] was ob-
served for the compounds with R = CH;, CH,Cl, CHCl,, CCl; and CF3, this
was ascribed to the fact that increase in the electron withdrawing power of the
R groups strengthens the CO bands, with parallel weakening of the Sn—O
bonds [13].

The two compounds PhsSny (OOCMPh;3 ), (M = Si and Ge) eXhlblt unu-
sual behaviour in that the COO absorption bands are absent in the expected
region 1700 - 1500 cm—1. Absence of COO absorption bands has previously
been reported for the following compounds: sym-tetraphenylbis(aroyloxy)ditin
[141, sym-tetraphenylbis(benzoyloxy)ditin [15] and some other organotin car-
boxylates [16]. In our case a reasonable explanation may be based on the
consideration that in the PhgMCOO moiety (M = Si and Ge) (d—p)w bonding
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~ Fig. 1. IR spectra ic chlorofoxm solution (20 mg/ml), optics: KB: a. 1 mm, (a) 1,1.2 2-tetraphenyl~1 2- -
;hzs(mphenylsﬂanoxy)dxtm (b) 1,1,2, 2-tetraphenyl-1 2-bxs(mphenylgermanoxy)dniu.
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occurs involving p-orbitals of the COO group and the vacant d-orbitals of
silicon and germanium [6]. Such interaction is known to cause a shift of the
CQO vibration bands to lower wavenumbers: a shift of 51 cm—1! is observed
[17] for the carbonyl stretching frequency on going from trimethylacetic acid
(1693 cim—1) to trimethylgermanecarboxylic acid (1642 cm—1). Furthermore,
absorption maxima for Phy MCOCH3; (M = Si, Ge) [18] are shifted by 66 and
41 cm—1 with respect to that of Ph3 CCOCH,, which occurs at 1710 em—3.

In the light of the above considerations, it seems probable that the posi-
tion of the v,{COO) stretching vibration of the compounds (II) and (I1I) must
be shifted to wave numbers about 50 - 65 cm—1 less than that for. the com-
pounds having M = C. Since the v,(COO) bond of Phy Sny; (OOCCPhj3), occurs
at 1535 cm—1 (ef. Table 2), the corresponding absorption bands of compounds
(I1) and (III) should be found in the approximate range 1490 - 1470 cm—12.
The poorly resolved IR pattern in this region shown in Fig. 1, may be attri-
buted to overlap of the v, (COO) bands of compounds (II) and (III) with »(CC)
bands [19,20].

It is concluded that the IR patiern of the compounds containing silicon
and germanium is indicative of the existence of a (d—p)7 bonding between the
metal and the carbonyl—oxygen atoms.

Acknowledgement

We are pleased to acknowledge support of this work by CNR Roma;
Research Grant N.71.01652/03 115.2508.

References

G. Plazzogna, V. Peruzzo and G. Tagliavini, J. Organometal. Chem., 24 (1970) 667.
G. Bandoli, D.A. Clemente and C. Panattoni, Chem. Commun., (1971) 311.
M, Delmas, J.C. Maire, Y. Richard, G. Plazzogna, V. Peruzzo and G. Tagliavini, J. Organometal.
Chem., 30 (1971) C101. N
R.H. Herber, H.A, Stockler and W.T. Reichle, J. Chem. Phys., 42 (1965) 2447,
A X. Sawyer and H.G. Kuivila, J. Org. Chem., 27 (1962) 610.
C.J. Attridge, Organometal. Chem, Rev., Sect. A, 5 (1970) 323. and refs, therein.
:;.N. Egorohkin, N.S. Vyazankin and $.Ya. Khorshev, Russ. Chem. Rev., 41 (1972) 425, and refs.
erein. .
8 O.W. Steward, H.W. Irwin, R.A. Gartska and J.O. Froblinger, J. Chem. Soc., (1968) 3119.
9 A.G. Brook and H. Gilman, J. Amer. Chem. Soc., 77 (1955) 2322,
10 M.V. George, D.I. Peterson and H. Gilman, J. Amer. Chem. Soc., 82 (1960) 403.
11 I.G. Noltes, M.C. Henry and M.Y. Jansen, Chem, Ind. (London), (1959) 298.
12 R.D. Kross and V,A. Fassel, J. Amer. Chem. Soc., 77 (1955) 5858.
13 R.E. Hester, Indian J. Pure Applied Phys., 9 (1971) 899.
14 S. Weber and E.lL. Becker, J. Org. Chem., 27 (1962) 1258.
15 H. Gilman and J. Fisch, J, Org. Chem., 20 (1955) 763.
16 E.J. Kupchik and R.J. Kiesel, J. Org. Chem., 31 (1366) 456 and refs. therein.
17 O.W, Steward and J.E. Dziedzic, J. Organometal. Chem., 16 (1969) P5.
18 G.J.D. Peddle, J. Organometal. Chem,, 5 (1966) 486,
19 J.R. Durig, C.W. Sink and S.F. Bush, J. Chem, Phys., 45 (1966) 66.
20 M. Tsutsui, Characterization of Organometallic Compounds, Interscience, New York, 1969, p. 81.

AW W



