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Abstract

The triorganotin(IV) derivatives of N-benzoylglycine (HAA); R;SnAA and N-
benzoylglycylglycine (HDP), R;SnDP (R = methyl, n-propyl, n-butyl, phenyl,
cyclohexyl, respectively) have been prepared from the triorganotin(IV) chlorides
R;SnCl and the appropriate sodium salts of the N-benzoylamino acids. N-Benzo-
ylglycine complexes have penta-coordinate trigonal bipyramidal structure of tin(IV)
with chelating bidentate carboxylate group in the solids and in chloroform solution.
N-Benzoylglycylglycine complexes are penta-coordinate and are polymers in the
solid state. The tin atom in triorganotin(IV) groups R,;Sn are coordinated by the
unidentate carboxylic group and by the oxygen atoms of the amidocarbonyl group
of the adjacent molecule. The complexes are monomers in non-coordinating solvents
(CHCl,, benzene and nitrobenzene). The HAA complexes retain the penta-coordi-
nate geometry in solution, which is in contrast to the previously reported complexes
with N-benzoyl-, N-acetyl- and N-formylamino acids and the corresponding di-
peptides which are tetrahedral [1-3].

Introduction

Triorganotin(IV) complexes are biologically more active than diorgano- and
monoorganotin(IV) complexes, owing to their ability to bind protein {4-6]. In cat
haemoglobin, both cysteine and histidine residues are associated with the triorgano-
tin(IV) moiety {6,7]. On the basis of the ambient temperature 19Mgn Mossbauer
spectrum the trimethyltin(IV) glycylglycinate was assigned a penta-coordinated,
bridged polymeric trigonal bipyramidal geometry whereas tricyclohexyl tin(IV)-
glycylglycinate has a hexa-coordinated arrangement with octahedral structure {8,9].
Up to now the only diorganotin(IV) derivatives of N-protected amino acids [10,11]
and N-protected dipeptides [12] have previously been reported. Tributyl- and
triphenyltin(IV) benzoyl glycinates with trigonal bipyramidal structures have also
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been reported previously [13]. We report here the synthesis and characterization of
triorganotin complexes of N-benzoylglycine and N-benzoylglycylglycine.

Experimental

Melting points were determined in open capillaries and are uncorrected. Elemen-
tal analysis were carried out by the Regional Sophisticated Instrumentation Centre,
Punjab University, Chandigarh. Tin was estimated gravimetrically as SnO,. Molecu-
lar weights were determined cryoscopically in benzene and nitrobenzene. IR spectra
were recorded on a Pye-Unicam P321 instrument, in KBr discs and chloroform
solutions. "H NMR spectra were recorded on JEOL PMX 6051 spectrometer using
TMS as internal standard.

Published procedures were used to prepare tripropyltin(IV) [14], triphenyltin(IV)
[15], N-benzoylglycine [14] and N-benzoylglycylglycine [16,17]. Trimethyltin(IV),
tri-n-butyltin(IV) and tricyclohexyltin(IV) chlorides were obtained from Alfa Prod-
ucts U.S.A. and used as received.

Preparation of complexes

To a solution of the sodium salt of N-benzoylglycine (5 mmol) in 95.50% ethyl
alcohol (10 cm’) and benzene (30 cm’)( N-benzoylglycine is not soluble in absolute
ethylalcohol) and that of N-benzoylglycylglycine (5 mmol) in a dry solvent mixture
of benzene (30 cm®) and absolute ethyl alcohol (10 cm®) was added trialkyltin(IV)
chloride (5 mmol). The reaction mixture was refluxed azeotropically over a water
bath using Dean and Stark trap. Reflux was continued for 68 hours during which a
white solid (sodium chloride) separated. The contents were then cooled and filtered
under vacuum, To the filtrate was added benzene (30 cm®) and the cycle of refluxing
and filtration was repeated two or three times until all of the sodium chloride had
separated. Then all the solvent was removed by distillation under reduced pressure
to leave a solid/syrup. n-Tributyltin(IV), tri-n-propyltin(IV) complexes of the
N-benzoylglycylglycine were syrups and washed with petroleum ether (40-60° C).
Tributyltin(IV) complexes solidify after about four months in a vacuum desiccator.
Tripropyltin(IV) complex is a liquid. Trimethyltin(IV) derivative is a flocculent
compound. Triphenyltin(IV) complex was recrystallized from absolute methyl al-
cohol whereas the tricyclohexyltin(IV) complex, was recrystallized from hot ben-
zene. Tricyclohexyltin(IV) N-benzoylglycinate is recrystallized from absolute ethyl
alcohol.

Results and discussion

The trialkyltin(IV) derivatives of N-benzoylglycine (HAA) and N-benzoylgly-
cylglycine (HDP) listed in Table 1 have been prepared by the neutralization of the
appropriate organotin(IV) chloride and the sodium salt of the ligand. In all the cases

0 *0, k0,
C,H,CNHCH,COOH C,H,CNHCH,CNHCH,COOH
(HAA) (HDP)

(a denotes amido CO, c¢ denotes amino NH,
b denotes peptide CO, d denotes peptide NH)
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studied, the composition showed a 1:1 molar ratio. R;SnDP (R = CH,, n-C;H,,
n-C,H,, ¢-CHy;) and R3SnAA (R = CH;, n-C;H,, ¢-C H;;) are highly soluble in
chloroform, whereas (C,H;);SnDP is soluble in a (1:1) mixture of chloroform and
dimethyl sulfoxide. Molecular weight measurements show (Table 1) that all the
complexes are monomers at low temperature (by cryoscopy) in benzene and
nitrobenzene. Structures have been assigned from their IR data (Table 2).

Infrared data

The vibrations due to CO(OH) of the free N-protected amino acid and dipeptide
have disappeared from the spectra of the complexes, thus the MR, groups are
bonded by the carboxylic group to the N-benzoylamino acid and the dipeptide
moieties. The spectra of the organotin carboxylates with bridged structure show
»(COO0) 5y, bands at 1540-1560 cm™!, but those of chelated carboxyl groups
usually absorb at 1580—-1600 cm ™! [18]. The presence of a medium-strong band at
1720-1750 cm ™! indicates unidentate bonding [3]. In the N-protected amino acid
complexes 1-5, the »(COO),,,,, and »(COO),,,, occur in the 1570-1600 cm™ ! and
1380-1400 cm ™! regions in the solid state as well as in chloroform solutions. The
Ay, 190, for these complexes is similar to that for the sodium salt of the ligand,
which indicates the presence of a bidentate chelating carboxylate group in these
complexes. For the N-benzoylgliycylglycine complexes 6-10, the Ap, 265+ 5, is
higher than that for NaDP (Av = 210) which shows either unidentate or asymmetric
bonding of the carboxylate in the solid state and in solution. Evidence of metal-co-
ordination by the basic atoms of the amide group is available from the infrared
frequencies of the Amide I »(C=0) and of Amide IT [(#»(C-N) + § (N-H))] as well
as »(NH) [19]. According to the literature, the following general pattern is observed
upon coordination by oxygen (nitrogen) of the amido-group to a metal atom: (i) the
frequency of the Amide I absorption band decreases (increases), and (ii) that of
Amide II increases (decreases) compared with values observed for the free groups;
(iii) »(NH) bonds are nearly unchanged (in the absence of hydrogen bonding). For
the solid complexes 1-5, the amide I frequencies increase or remain the same; and
those of amide II behave similarly or increase compared with those found in the
AA, ester (Amide I at 1640, Amide II at 1330 cm™!), which indicates the non-par-
ticipation of C=0 and NH in the coordination to tin(IV) and in addition indicates
the presence of hydrogen bonding of the NH with the C=0 group of the neighbour-
ing molecules in the solid state. In the dipeptide complexes 6-10, Amide I band
frequencies decreased and Amide II increased with respect to ligand ester indicating
the NHCO coordination to tin(IV). A marked shift of the (»(CN) + 6(NH)) band
towards higher frequencies and simultaneous shift of the »(CO) amide band
towards lower frequencies with change of state solid to one in solution are
consistent with participation of the CONH group in the coordinate bonding with tin
atom via donor oxygen atom in the solid state to form a NHCO-Sn donor—acceptor
bond [1]. The above analysis of the N-protected dipeptide complexes showed that in
chloroform solutions complexes 6—10 are present as simple molecules and having a
tetrabedrally coordinated tin atom. In the solid state, the coordination number of
tin atom increases owing to the formation of a NHCO-Sn donor—acceptor bond
and tin becomes penta-coordinated. The tin atoms in the complexes 1-5 also have a
coordination number of five. The presence of the stretching vibrations, »(SnC)
and »(SnC),y,, in the infrared spectra of all complexes excludes the exactly planar
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Table 3
'H NMR data (8, CDCl,)
Complex CeH; C-NH CH, Sn-R
CH, CH,
HAA? 8.01-7.07 ¢ 423
(bm, 6H) (d, 2H)
(n-C,H,),SnAA“ (2) 7.47-6.63 8.01 4.06 1.83-1.20 1.26-0.80
(bm, 5H) (bm, 1H) (d, 2H) (bm, 12H)  (m, 9H)
{(n-C,Hg);SnAA “ (3) 8.27-7.27 € 423 2.00-1.23 1.13-0.57
(bm, 6H) (bd, 2H) (bm, 18H) (bm, 9H)
(CsHs);SnAA“ (4) 7.66-6.90 7.97-7.66 417 -~ -
(bm, 20H)  (m, 1H) (d, 2H)
HDP * 7.83-7.56 8.00 420 -
{bm, 5H) {m, 2H) (m, 4H)
(CH,);SnDP “ (6) 7.90-7.17 4.00 1.04-0.027
(bm, 7H) (bm, 4H) - (bm, 9H)
(n-CyH,),SnDP * (7) 7.45-7.05 7.80~7.45 3.90 - 1.85-0.60
(bm, SH) (bm, 2H) (m, 4H) (bm, 21H)
{(n-C,H,),SnDP ¢ (8) 7.05-7.35 - 4.30--3.95 1.90-1.25 1.25-0.75
(bm, SH) (bm, 4H) (bm, 24H) (bm, 9H)
(c-C4H,;),SnDP “ (10)  7.90-7.15 4.10 2.00-0.90
(bm, 5H) (m, 2H) (bm, 35H)

“ CDCl; (d: doublet, m: multiplet, bm: broad multiplet). ® Trifluoroacetic acid. © Superimposed by
phenyl protons.

arrangement of three Sn—C bonds around the tin atom present in a trans-trigonal
bipyramid structure [20]). The »(NH) bands indicate the formation of hydrogen
bonds of NHCO---H in the solid complexes, and their disintegration upon
dissolution of the complexes in chloroform. A weak to medium intensity band in the
470-490 cm™! region has been assigned to Sn-O stretching vibrations for all the
complexes [12].

NMR Spectra

The 'H NMR spectra of the soluble complexes and ethyl esters of HAA and
HDP acids were recorded in deuteriochloroform and relevant data are given in
Table 3. In the '"H NMR spectra of the complexes studied, the CO(OH) signal of the
free acid is missing and the NH signal is shifted towards higher field (if not
obscured by superposition by phenyl protons). The N-H protons of the amide and
peptide groups appear as a broad and weak signal, which is not visible in the spectra
of some complexes. The resonances for the alkyl or aryl groups attached directly to
tin(IV) appear as broad multiplets in the 1-2 ppm for -CH, and 0-1 ppm ranges
for -CH, protons. The number of protons calculated from the integration curves is
consistent with that calculated from the molecular formula of the complex.

Conclusion

The infrared data of the N-benzoylglycine complexes R,SnAA suggest a penta-
coordinate trigonal bipyramidal structure [A] for tin(IV) with chelating bidentate
carboxylate group in the solid as well as the solution states. This structure is
supported by Mossbauer data (IS, 1.41, 1.22 mms™'; QS, 3.61, 3.40 mms ') at 80 K
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for the two complexes n-Bu,SnAA and Ph;SnAA (AA as in Table 1) [12]. The
triorganotin(IV) derivatives of N-benzoylglycylglycine (6~10) in the solid state have
a polymeric structure [B] having unidentate carboxylic groups. The molecules are
linked by the weak intermolecular donor—acceptor NHCO-SnR 4 bond. The O-
Sn(R,)O fragment has a slightly deformed rrans-trigonal bipyramid geometry of
atoms linked to the central tin atom with a slightly out-of-planar arrangement of the
R;Sn group. The complexes (6—10) are present in as simple molecules having
tetrahedrally arranged R;SnOCO groups in chloroform solution.

O
I
C—X
O R
R R R O
N4 NN
Sn Sn )C—
7\ 7N
0 R O
\C-— X (in solution)
O/ X = C6H5CONH2CH2
(solid)
[A]
I
?—C'—Y—COC6H5
R
>Sn-—R
R™ 1T
O
\
C6H5—C—Y—COOSIIR3
(solid)

Y = CGHST'J——NHCH2CONHCH2COO
0
[B]
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