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New di- and triorganotin(IV) derivatives of tyrosinylphenylalanine (H,Tyr-Phe) with general formulae
R,Sn(Tyr-Phe) where R = Me,n-Bu, n-Oct and Ph, and R; Sn(HTyr-Phe) where R = Me and Ph have been
synthesized. The bonding and coordination behaviour in these derivatives are discussed on the basis of
FT-IR, multinuclear 'H, '3C and ''°Sn NMR and ''°Sn Méssbauer spectroscopic studies. These investiga-
tions suggest that dipeptide in R,Sn(Tyr-Phe) acts as dianionic tridentate coordinating through —C(0)0O™,
-NH; and (-CO)Npeptide groups while in case of R3Sn(HTyr-Phe) the ligand acts as monoanionic bidentate
coordinating through -C(0)0O~ and -NH,, and the polyhedron around tin in R,Sn(Tyr-Phe) and
R5Sn(HTyr-Phe) is a distorted trigonal-bipyramidal. It is further confirmed by the single crystal X-ray struc-
ture of Me,Sn(Tyr-Phe) - MeOH which shows two methyl groups and peptide nitrogen (Npeptide) in the equa-
torial positions, while the two axial positions are occupied by the carboxylic oxygen (Ocarboxy1) and the
amino nitrogen (Namino) atom from the same ligand molecule. One methanol molecule is also present in

the asymmetric unit.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Metal ions play a very important role in various physico-chem-
ical processes occurring in living organisms and they also emerged
as metallopharmaceuticals exhibiting anti-tumour activity. The
initial success of platinum chemotherapeutic metallopharmaceuti-
cals attracted a considerable attention of researchers toward non-
platinum chemotherapeutics starting from the basic cis-platin
framework, with the aim to optimize the efficiency of such drugs.
Among these, organotins emerged as potential biologically active
metallopharmaceuticals in the last thirty years [1,2], although their
anti-tumour properties had been reported much earlier [3]. In or-
der to study the behaviour of metallic species inside the biological
systems, it is necessary to study their coordination behaviour with
ligands that can occur in the biological medium, such as the inter-
action of organotins with the high-affinity site of ATPase (histidine
only) and the low-affinity site of ATPase and haemoglobins (histi-
dine and cystine) [4,5], and hence to formulate structure-activity
correlations to explore new compounds with potential anti-
tumour activity.

* Corresponding author. Tel.: +91 1332 285797; fax: +91 1332 273560.
E-mail address: malanfcy@iitr.ernet.in (M. Nath).
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The biological significance of organotin compounds has been
established by various studies concentrating on structure-activity
correlations [6-13], that dealt mainly with structural aspects and
anti-tumour activity. Speciation of organotin compounds in biolog-
ical systems highlighted two important factors, namely that the
R.Sn*~™* moiety (where n =1, 2 and 3) is an active species, which
can bind with biological molecules and facilitate the transport to
the target site, and that the highest activity may be due to the dis-
sociation of a chelating ligand as a part of the mechanism of inhi-
bition [14]. It has been reported that ligands containing O and N
atoms as donor sites are often involved in many organotin com-
pounds with potential anti-tumour activity [15-21].

In view of this, we carried out systematic investigations on the
coordination behaviour of organotin(IV) moieties toward biologi-
cally relevant ligands like amino acids and peptides [22-34], with
the final goal to develop novel biologically active pharmaceuticals.
In comparison with diorganotin(IV)-peptide systems [2,9,22,23,28,
29,31,35,36], relatively less attention has been paid to the triorga-
notin(IV)-peptide systems [2,22,27,28,32,34]. The molecular struc-
tures of a number of diorganotin(IV) derivatives of dipeptides have
also been determined [37-45]. Here we report the synthesis and
structural studies of some di- and triorganotin(IV) derivatives of
H,Tyr-Phe and single crystal X-ray structure of Me,Sn(Tyr-
Phe) - MeOH.
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2. Experimental
2.1. Materials

All of the reactions were carried out under an anhydrous atmo-
sphere. Solvents were dried and distilled before use. Specially dried
methanol (99.95% v/v; E. Merck) was dried by refluxing it with Mg
metal in presence of iodine as catalyst and then distilled (absolute
methanol). Dimethyltin(IV) dichloride, di-n-butyltin(IV) oxide,
diphenyltin(IV) dichloride, trimethyltin(IV) chloride and triphenyl-
tin(IV) chloride, (E. Merck), di-n-octyltin(IV) oxide (Aldrich) and
tyrosinylphenylalanine (H,Tyr-Phe) (Sigma) were used as
received.

2.1.1. Synthesis of dimethyltin/diphenyltin(IV) derivatives of H,Tyr-
Phe by sodium chloride method

Tyrosinylphenylalanine (0.656 g; 2.0 mmol) was dissolved in
the minimum amount (20 ml) of absolute methanol under dry
nitrogen. Sodium methoxide (4.5 equiv.), prepared by dissolving
sodium (4.5 equiv.) in absolute methanol (30 ml), was then added.
The resulting mixture was first stirred at room temperature for half
an hour and then refluxed giving a clear solution of Na,Tyr-Phe
within half an hour. Refluxing was continued for another 4-6 h
with constant stirring. A hot methanolic solution (20 ml) of
dimethyltin(IV) dichloride (0.44 g, 2.0 mmol)/diphenyltin(IV)
dichloride (0.688 g, 2.0 mmol) was added to the solution of the
preformed sodium salt (Na,Tyr-Phe) giving a clear solution. The
resulting mixture was further refluxed with constant stirring for
another 14-16 h for the diphenyltin(IV) derivative whereas only
stirring was carried out at 30 £ 2 °C for the dimethyltin(IV) deriva-
tive, under dry nitrogen atmosphere. It was then centrifuged and
filtered in order to remove the sodium chloride formed. The excess
of solvent was removed under reduced pressure and the solid
product thus obtained was recrystallized from either methanol-
hexane or methanol-petroleum ether (b.p. 40-60°C) mixture
(1:3 v/v).

Me,Sn(Tyr-Phe) - MeOH (1): Creamish crystalline solid; m.p.
170 °C. Anal. Calc. for C3;HgN,0sSn: C, 49.73; H, 5.56; N, 5.52;
Sn, 23.40. Found: C, 49.55; H, 5.29; N, 5.37; Sn, 23.18%.

Ph,Sn(Tyr-Phe) (4): Creamish white solid; m.p. 130°C (de-
comp.). Anal. Calc. for C3gH,gN,04Sn: C, 60.13; H, 4.71; N, 4.67;
Sn, 19.81. Found: C, 59.83; H, 4.55; N, 4.43; Sn, 19.35%.

2.1.2. Synthesis of trimethyltin/triphenyltin(IV) derivatives of HoTyr-
Phe by the sodium chloride method

Tyrosinylphenylalanine (0.656 g; 2.0 mmol) was dissolved in
the minimum amount (20 ml) of absolute methanol under dry
nitrogen and added to sodium methoxide (2.5 equiv.), prepared
by reacting sodium (2.5 equiv.) in absolute methanol (25 ml).
The resulting mixture was refluxed with constant stirring giving
a clear solution of NaHTyr-Phe within half an hour. Refluxing
was continued for another 5-6 h with constant stirring. A hot
methanolic  solution (20ml) of trimethyltin(IV) chloride
(0.3985¢g, 2.0mmol) or triphenyltin(IV) chloride (0.7710¢g,
2.0 mmol) was added to the solution of the preformed sodium salt
(NaHTyr-Phe). The resulting solution was further refluxed with
constant stirring for another 8-10 h in the case of the triphenyl-
tin(IV) derivative whereas no refluxing was required, only stirring
was sufficient for the trimethyltin(IV) derivative. It was then cen-
trifuged and filtered in order to remove the sodium chloride
formed. The excess of solvent was removed under reduced pres-
sure. The semi-solid mass obtained was solidified by trituration
with petroleum benzene (b.p. 60-80 °C, E. Merck), and recrystal-
lized from methanol-petroleum benzene (b.p. 40-60 °C) mixture
(1:3 v/v).

MesSn(HTyr-Phe) (5): White solid; m.p. 70-75 °C. Anal. Calc. for
C1HgN,04Sn: C, 51.35; H, 5.75; N, 5.70; Sn, 24.17. Found: C,
50.96; H, 5.46; N, 5.36; Sn, 23.88%.

PhsSn(HTyr-Phe) (6): Yellowish cream solid; m.p. 130-135 °C
(decomp.). Anal. Calc. for C3gH34N204Sn: C, 63.83; H, 5.06;
N, 4.14; Sn, 17.52. Found: C, 63.49; H, 4.51; N, 3.81; Sn,
17.17%.

2.1.3. Synthesis of di-n-butyltin/di-n-octyltin(IV) derivatives of H,Tyr-
Phe by the azeotropic removal of water method

They were prepared under anhydrous nitrogen atmosphere by
dropwise addition of a dry, hot methanol solution of di-n-butyl-
and di-n-octyltin(IV) oxide (0.498 g and 0.722 g for 2.0 mmol
respectively) to a hot methanol solution of the H,Tyr-Phe
(0.656 g, 2.0 mmol). The mixture obtained was refluxed with con-
stant stirring for at least 14-16 h with azeotropic removal of
water. The solution was filtered, and the excess of solvent was re-
moved under reduced pressure and allowed to cool. The solid
product thus obtained was recrystallized from either methanol-
hexane or methanol-petroleum ether (b.p. 40-60°C) mixture
(1:3 v/v).

n-Bu,Sn(Tyr-Phe) (2): Creamish white solid; m.p. 125-128 °C.
Anal. Calc. for CygH3N,04Sn: C, 55.84; H, 6.49; N, 5.01; Sn,
21.22. Found: C, 55.39; H, 6.02; N, 4.74; Sn, 20.81%.

n-Oct,Sn(Tyr-Phe) (3): white solid; m.p. 178 °C (decomp.). Anal.
Calc. for C34H5,N,045n: C, 60.81; H, 7.80; N, 4.17; Sn, 17.68. Found:
C, 60.69; H, 7.54; N, 3.86; Sn, 17.35%.

3. Measurements

The melting points of the synthesized compounds were deter-
mined on a Toshniwal capillary melting point apparatus and were
uncorrected. Carbon, hydrogen and nitrogen analyses of these
compounds were carried out on a VarioEL, CHNS-rapid elemental
analyzer. The tin content in the synthesized compounds was deter-
mined gravimetrically as SnO, [29]. Infrared and far-infrared spec-
tra of the solid compounds were recorded on a Perkin-Elmer 1600
series FT-IR spectrophotometer in the range 4000-400 cm~! from
KBr discs and 600-200 cm ! from Csl discs. 'H and '>C NMR spec-
tra were recorded on a Bruker DRX 300 (300 MHz FT NMR) spec-
trometer at the Central Drug Research Institute, Lucknow, India,
using CD;0D as solvent and TMS as the internal standard. ''°Sn
NMR spectra were recorded on a Bruker DRX 500 (500 MHz FT
NMR) spectrometer at the Institute Instrumentation Centre, IIT,
Roorkee, India, using DMSO-dg/CD30D as solvent and TMS as the
internal standard. ''°Sn Méssbauer spectra were recorded on
Mossbauer spectrometer model MS-900 according to the proce-
dure reported previously [29], at the Department of Chemistry
and Physics, University of The District of Columbia, Washington,
DC.

Single crystals of Me,Sn(Tyr-Phe)- MeOH were obtained by
recrystallization from methanolic solution after addition of petro-
leum ether. The X-ray data of Me,Sn(Tyr-Phe)- MeOH were re-
corded at 293(2)K with STOE IPDS I diffractometer fitted with
graphite monochromated Mo Ko radiation, i=0.71073 A. The
structure was solved by sHeixs-97 and refined by a full matrix
least-squares based on F? using sHeLx1-97 program [46]. The molec-
ular geometry and the cell packing were prepared by praton and
MERCURY, respectively [47,48] and software used to prepare materi-
als for publication was wincx publication routines [49]. Atomic
parameters and the equivalent values of the anisotropic tempera-
ture factors refined for all non-H atoms were included in the model
at their calculated positions. The refinement details of all the atoms
with relevant details of bond lengths and bond angles have been
tabulated in Tables 3-7.
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4. Results and discussion

The reactions of R,SnCl, and R3SnCl (R = Me and Ph) with the
sodium salt of H,Tyr-Phe (formed according to Eq. (1)) in a 1:2
and 1:1 molar ratio, respectively, led to the formation of the com-
plexes according to Eqgs. (2) and (3), respectively. Di-n-butyltin/di-
n-octyltin(IV) oxide reacts with H,Tyr-Phe (as shown in Scheme 1)
in equimolar ratio in dry methanol to give the compound under
azeotropic removal of water according to Eq. (4).

AbsoluteMeOH
—

H,Tyr-Phe + xNaOMe Na, Tyr-Phe/NaHTyr-Phe + yMeOH

where x =1,2; y=2,1 (1)
R,SnCl, + Na, Tyr-Phe """ R, Sn(Tyr-Phe) + 2NaCl 2)
R3SnCl + NaHTyr-Phe """ R;Sn(HTyr-Phe) + NaCl 3)
R,SnO -+ H,Tyr-Phe """ R s (Tyr-Phe) + H,0

where R = Me and Ph;R’ = n-Bu and n-Oct 4)

The above reactions were found to be quite feasible and di- and
triorganotin(IV) derivatives (except n-Oct,Sn(Tyr-Phe)) were syn-
thesized within ~18-20h of refluxing. Whereas, the reactions
involving the synthesis of n-Oct,Sn(Tyr-Phe) yielded a turbid solu-
tion after a prolonged heating, and the solid was obtained from the
filtrate after removing the unreacted peptide/di-n-octyltin oxide.
The resulting derivatives were obtained in good yields (72-81%).
All of the derivatives are found to be stable toward air and mois-
ture. Most of the synthesized compounds are soluble in methanol,
but sparingly soluble in chloroform and other solvents upon heat-
ing. The analytical data of the derivatives, as presented in Section
2.1, suggest that in every instance the resulting compounds crys-
tallized with 1:1 stoichiometry regardless of the proportions of
the organotin moiety and dipeptide used.

4.1. Infrared spectral studies

The characteristic IR frequencies (incm™!) and their assign-
ments for the free H,Tyr-Phe and its organotin(IV) derivatives are
presented in Table 1.

4.1.1. Coordination by amino group

Infrared NH, stretching frequencies were used to distinguish
coordinated from non-coordinated amino groups of the dipeptide.
The position of v(N-H) bands is influenced by hydrogen bonding,
and by coordination of the nitrogen to tin [22]. Very intense
absorption bands due to the v(NH,) occurred in the range 3363-
2921 cm! for diorganotin(IV) derivatives and 3430-2960 cm™'
for triorganotin(IV) derivatives; which undergoes a substantial

11 10 2 1
H,NCHCONHCHCOOH
‘ 5 6

IZCH2 3%2 4 7

13 9 8
18 14
17 15

16

OH
H,Tyr-Phe
Scheme 1.

lowering when compared to the non-coordinated H,Tyr-Phe
(3466-3274 cm™!). Similar results have been reported for other
derivatives, RpSnL (H,L =dipeptide) [22,23,28,29,31], R3SnAA
(AA = amino acid) [22,24-26,28,33] and R3SnHL (H,L = dipeptide)
[22,27,28,32,34], indicating coordination by the amino group to
the central tin atom. Further, broadening occurs for all of the deriv-
atives studied, which indicates either overlapping of v(OH) and
v(NH) vibrations or the presence of inter- and/or intramolecular
hydrogen bonding [22,23,27-29,31]. The appearance of a new band
of medium intensity in the region ~494-414 cm™! in all of the
derivatives studied, which may be assigned to v(Sn — N), further
confirms the coordination of the amino nitrogen to the organo-
tin(IV) moiety.

4.1.2. Coordination by carboxylate group

The carboxylate groups in the organotin(IV) derivatives gener-
ally adopt a bridged structure in the solid state unless the organic
substituents at the tin atom are bulky or the carboxylate group is
branched at the a-carbon [22]. The IR absorption spectra indicate
that v,5(C(0)O™) values shown by these amino-coordinated com-
pounds (1613-1584 cm™") get shifted to higher frequencies in
comparison to free H,Tyr-Phe (1573 cm™!), whereas the corre-
sponding v,(C(0)0~) absorption frequencies (1404-1361cm')
either remain at the same value or move to lower wave number
than in the free H,Tyr-Phe (1404 cm™!). The magnitude of the
(vas — vs)C(0)O™ (Av) separation, which has been shown to be use-
ful in identifying structural features, [22] is larger in the amino-
coordinated organotin(IV) derivatives (Av 234+18cm~! for
Me,Sn-/n-Bu,Sn(Tyr-Phe) and Av 190+6cm~! for Ph,Sn-/n-
Oct,Sn(Tyr-Phe) and MesSn-/PhsSn(HTyr-Phe)) than in the free
H,Tyr-Phe (Av=169 cm™') (Table 1). Further, the magnitude of
Av for all of the derivatives have been found comparable with those
obtained for R,SnL (H,L = dipeptide), [22,23,28,29,31,35,36] and
R3SnHL (H,L = dipeptide) [22,27,28,32,34], indicating that the car-
boxylate group acts as a monodentate ligand, and hence the possi-
bility of ionic bonding and also bridging or chelation can be
excluded [22-29,31-34]. Furthermore, the appearance of a new
band of medium intensity in the far-IR spectra of all of the deriva-
tives in the region, 566-549 cm~!, which may be assigned to v(Sn-
0), further supports the bonding of C(O)O~ group to the Sn atom
[22-29,31-34].

4.1.3. Coordination by peptide group

In the organotin(IV) derivatives studied, apart from the carbox-
ylic oxygen and amino nitrogen as potential coordinating sites to
the tin atom, the amide group also exhibits strong tendency to
coordinate with the organotin(IV) moiety. Two characteristic
bands, viz., amide I [essentially v(C=0)] and amide II [§(N-H) cou-
pled with v(C-N)], give the crucial information on the occurrence
of metal coordination by the basic atoms of the amide group
[50]. The intense band of the amide I observed at 1676 cm™! in
H,Tyr-Phe, undergoes a slight shift to a lower frequency (1640-
1613 cm™') upon coordination in the IR spectra of the diorgano-
tin(IV) derivatives. This is due to the involvement of the peptide
nitrogen (because of the deprotonation that has taken place) in
bonding with tin, which lowers the bond order of the (C=0),miqe
group due to the resonance stabilization. Further, amide II band
observed at 1492 cm™! in H,Tyr-Phe gets shifted to lower fre-
quency in all of the diorganotin(IV) derivatives with respect to
non-coordinated H,Tyr-Phe, which suggests that the amide nitro-
gen is the third coordinating site due to the deprotonation of the
amide nitrogen.

In trimethyl-/triphenyltin(IV) derivatives studied, an intense
band of the amide I (essentially v(C=0)) at 1676 cm~! in the free
H,Tyr-Phe shifts slightly to 1635 and 1639 cm™!, respectively.
The possibility of the involvement of the (C=0),miqe group in the
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Table 1

Characteristic IR frequencies® (in cm~!) of di- and triorganotin(IV) derivatives of H,Tyr-Phe

Complex Ligand/complex V(NH)amino/ ¥(CO)amide Vasym(OCO)  vgy(OCO)  Av Vasy(Sn-C)/ v(Sn-  v(Sn-N)/ [6(NH) + v(CN)]

no. v(NH)pep. (amide I) vsy(Sn-C) 0) v(Sn « N) (amide II)

H,Tyr-Phe(ligand) 3466 br 1676 s 1573 s 1404 m 169 1492 m

3274 br

1 Me,Sn(Tyr-Phe). 3291 s 1613 vsbr® 1613 vsbr® 1396vs 217 622 m 557m 494 m Absent

MeOH 3208 m 578 m 440 m

3121 m
3035w
2939 w

2 n-Bu,Sn(Tyr-Phe) 3261 m 1625 sh 1613 vsbr® 1361 m 252 608 m 557m 490 m Absent
3208 m 571 vw 418 vs
3125 m
2957 vs
2926 vs

3 n-Oct,Sn(Tyr-Phe) 3363 s 1640 s 1584 s 1400 m 184 663 m 563 s 478 w Absent
3300 sh 602 m 414 m
2957 m
2921 vs

4 Ph,Sn(Tyr-Phe) 3345 m 1639 s 1590 vs 1396 m 194 280s 566 m 456 w Absent
3064 m 202 s 418 w

5 MesSn(HTyr-Phe) 3408 sbr 1635 sh 1596 s 1400 m 196 640 w 549w 445w 1506 m
2960 s

6 Ph3Sn(HTyr-Phe) 3430 br 1639 s 1593 vs 1404w 189 272 561w 457w 1498 m
3060 w 210 m 445 m

¢ Intensity of characteristic bands as vs, very strong; s, strong; m, medium; w, weak; sh, shoulder; br, broad.

> Merge with v(CO) amide.

intermolecular hydrogen bonding cannot be excluded. Further, the
amide II band [v(CN)+&(NH) as well as v(NH)], observed at
1492 cm™! in the H,Tyr-Phe, remains almost unaffected. These
observations indicate that the (C=0),migze and (NH)peptige groups
are not involved in the coordination to the R3Sn(IV) moiety, instead
they may probably be involved in the intermolecular hydrogen
bonding, as reported previously for R3SnHL (H,L = dipeptide) deriv-
atives [27,28].

The v,5(Sn-C) and v¢(Sn-C) bands in all of the di- and trialkyl-
tin(IV) derivatives are observed in the range 663-571 cm™!, sug-
gesting the existence of a bent C-Sn-C moiety [22,27-29,31],
whereas in the di- and triphenyltin(IV) derivatives, the corre-

(ii) Those having a doublet centered in the region 1.16-
126 mms~'; quadrupole splitting (Q.S.) in the region
2.85-3.04 mm s~! for R,Sn(Tyr-Phe) (R =Me, n-Bu and Ph)
and MesSn(HTyr-Phe).

These observations indicate that on going from class (i) to class
(ii) compounds, both LS. and Q.S. values increase due to an increase
in s-electron density as well as the large asymmetry of the electron
distribution around the tin atom [24,44]. This is probably due to
stronger bonding of the dipeptide anion to the dimethyl-/di-n-bu-

sponding v,(Sn-C) and vy(Sn-C) are observed at 276 +4 cm! :”
and 206 +4 cm™', respectively [22,28,29,31,32,34]. R\: H
4.2. 1'9Sn Méssbauer spectral studies O_C/ \N~ i R=Me, n-Bu, Ph and #-Oct
R
The experimental nuclear quadrupole splitting (Q.S.) and iso- \ ¢ / R = HAC oH
meric shift (1.S.) values of the solid state R,Sn(Tyr-Phe) (where H, N S“\ I et
R =Me, n-Bu, n-Oct and Ph), and R3Sn(HTyr-Phe) (where R = Me ”'f:,./ | R
and Ph) as presented in Table 2, describe two classes of compounds. /L \C/U
RH
(i) Those having a doublet centered in the region 1.00- ” R"= H,C

1.01 mms~!; quadrupole splitting (Q.S.) in the region O

2.05-2.13 mm s ! for n-Oct,Sn(Tyr-Phe) and PhsSn(HTyr-

Phe). Fig. 1. Structure of diorganotin(IV)tyrosinylphenylalaninates.
Table 2
1195n Méssbauer data (80 K) of the di- and triorganotin(IV) derivatives of H,Tyr-Phe
Complex no.? Complex (QS.) (mms1) (1.S.) (mms™1) p(Q.S[LS.) 71(L) 75(R) £C-Sn-CP (°)
1 Me,Sn(Tyr-Phe). MeOH 2.85 1.16 245 1.28 1.54 123.50
2 n-Bu,Sn(Tyr-Phe) 2.88 1.26 228 1.30 1.16 124.34
3 n-Oct,Sn(Tyr-Phe) 2.05 1.01 2.03 1.11 1.15
4 Ph,Sn(Tyr-Phe) 2.92 1.20 243 1.08 1.03 132.36
5 MesSn(HTyr-Phe) 3.04 1.22 2.49 1.13 1.37 128.80
6 PhsSn(HTyr-Phe) 2.13 1.00 213 218 227 107.01

71(L): half line-width left doublet component; 75(R): half line-width right doublet component (mm s™').
3 QS: quadrupole splitting; IS: isomeric shift relative to BaSnO5 and tin foil (splitting: 2.52 mm s~ ).

P Parish relationship Q.S. = 4[R][1 — 3/4sin?26]"/%; ~C-Sn-C = 180-26°[52].
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R R R
4 2
Sn Sn ——S8n L
\ L \R
R R

(a) (b) (c)

Fig. 2. Structures of three possible isomers of R3Sn(HL) (where H,L = a bidentate
ligand).

tyl-/diphenyltin(IV) and trimethyltin(IV) moiety than di-n-octyl-
and triphenyltin(IV) moiety, and partly due to the strain developed
in the ligand. It has been reported that the replacement of a smaller
alkyl group by a phenyl/octyl group or bulkier group lowers the
isomer shift in the organotin(IV) derivatives of the dipeptides/ami-
no acids [22,23,28,33,44,51].

The I.S. and Q.S. values observed in R,Sn(IV) derivatives of the
dipeptides are similar with those of the previously reported com-

BN
=
J
I
O

——--Z
I
N

e\

T O—O

-

Rll

2545

O R
\C —\C“\\\\H

/
HN
Hu,, | NH, on
C l 6115
R"/ \c—o Sn/
b e

Fig. 4. Proposed structures of triphenyltin(IV) tyrosinylphenylalaninate.

plexes [22,28,29,31,44]. The spectroscopic and crystallographic
studies reported a distorted trigonal-bipyramidal configuration
for R,Sn(L) (where H,L = dipeptide), where the organic groups of
the organotin(IV) moiety and peptide nitrogen are lying in equato-
rial position, and the amino nitrogen and carboxylic oxygen atoms
are axial [22,28,29,31,37-45]. Due to the high electronegativity of
oxygen and nitrogen atom of the dipeptide anion, the Q.S. is mainly
governed by ZC-Sn-C bond angle [52]. The ZC-Sn-C in the studied

OH

L,C

Fig. 3. Proposed structure of trimethyltin(IV) tyrosinylphenylalaninate.
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Table 3
Crystal data and structure refinement details of Me,Sn(Tyr-Phe) - MeOH

Empirical formula
Formula weight
Temperature (K)
Crystal system

C21HpsN,05Sn
507.18
293(3)
Orthorhombic

Space group P24

a(A) 8.8851(18)
b (A) 11.173(2)
c(A) 23.117(5)
o (°) 90

B () 90

7 (°) 90

V (A3) 2294.8(8)
VA 4

Deaie (Mg m—3) 1.508
Absorption coefficient (mm') 1.151
F000) 1056

Crystal size (mm?) 0.20 x 0.16 x 0.12

0 Ranges for data collection (°) 2.02-26.04
Index ranges -10<h <10,
—13<k<13,
—-28<1<28
Reflections collected 15792
Independent reflections; Ry 4439; 0.1346

Completeness to 0 = 26.04° (%) 98.7

Refinement method Full-matrix least-squares on F?
Data/restraints/parameters 4439/0/271

Goodness-of-fit on F? 1.081

Final R indices [I > 24(I)] R, = 0.0680, wR;, = 0.1609

R indices (all data) R, =0.0724, wR, = 0.1660
Absolute structure parameter 0.01(5)

Largest difference in peak and hole (e A=) 1.599 and —1.038

diorganotin(IV) derivatives has been calculated by using Parish’s
relationship [52]: Q.S. = 4[R][1 — (3/4)sin?20]"/?, where ~C-Sn-C =
(180-20)° and [R] is the partial quadruple splitting (p.q.s.) for alkyl
and phenyl groups bonded to tin. The reported p.q.s. values of [R]

Table 4

for alkyl and phenyl groups are —1.03 and —0.95 mm s, respec-

tively [52,53]. The calculated values of ZC-Sn-C in the studied
diorganotin(IV) derivatives are in the range 123.34-132.36° (Table
2), which are also close to the #C-Sn-C observed by the X-ray crys-
tallographic studies of Me,Sn(Tyr-Phe) - MeOH. Thus, the tin atom
configuration as shown in Fig. 1 can be proposed for R,Sn(Tyr-Phe),
which would then be [tyrosinylphenylalaninato-O,N,N-(2-)diorga-
notin(IV)], mainly on the basis of the above mentioned similarity
between the observed and reported Q.S. values [28,29,31,43], and
the calculated ZC-Sn-C values which are also supported by the
X-ray crystallographic data of Me,Sn(Tyr-Phe) - MeOH.

The Madssbauer spectra of the RsSn(IV) (where R=Me, Ph)
derivatives exhibit a doublet centered in the I.S. value range
1.00-1.22 mms~' and the quadrupole splitting (Q.S.) values in
the range 2.13-3.04 mm s~ . It has been reported [54,55] that the
three conceivable (Fig. 2) five-coordinate isomers of R3SnL deriva-
tives, where L is a bidentate ligand, have different Q.S. values
ranges, 1.7-2.3 mm s~ ! for isomer (a), 3.0-3.9 mm s~ for (b) and
3.5-4.1 mms~! for (c).

In Me3Sn(HTyr-Phe), the observed values of I.S. and Q.S. lie in the
range of trans-trigonal-bipyramidal coordination (Fig. 2b) and for
Ph3Sn(HTyr-Phe), cis-trigonal-bipyramidal coordination (Fig. 2a)
of tin is found. Therefore, following structures have been proposed
for trimethyl-/triphenyltin(IV) derivatives (Figs. 3 and 4), which are
also supported by the calculated values of ZC-Sn-C of 128.80° for
trimethyl- and 107.01° for triphenyltin(IV) derivatives (Table 2).

4.3. X-ray crystallographic studies

The crystallographic data and the refinement details are pre-
sented in Table 3. Other related data are compiled in Tables 4-7.
The molecular structure of [tyrosinylphenylalaninato-O,N,N-
(2-)-dimethyltin(IV)] - methanol (hence forth abbreviated as

Selected bond lengths (A), bond angles (°) and possible hydrogen bonding in Me,Sn(Tyr-Phe) - MeOH

Bond lengths (A)

Sn-C(19) 2.085(8) N(2)-C(9)
Sn-C(20) 2.100(9) N(2)-C(10)
Sn-N(2) 2.103(7) C(1)-C(6)
Sn-0(3) 2.195(5) C(1)-C(2)
Sn-N(1) 2.251(6) C(2)-C(3)
0O(1)-C(1) 1.369(11) C(3)-C(4)
0(2)-C(9) 1.238(10) C(4)-C(5)
0(3)-C(11) 1.269(10) C(4)-C(7)
0(4)-C(11) 1.251(11) C(5)-C(6)
N(1)-C(8) 1.489(9) C(7)-C(8)
Bond angles (°)

C(19)-Sn—-C(20) 136.4(4) C(6)-C(1)-C(2)
C(19)-Sn-N(2) 112.4(3) 0(1)-C(1)-C(2)
C(20)-Sn-N(2) 110.1(3) C(3)-C(2)-C(1)
C(19)-5n-0(3) 89.1(3) C(2)-C(3)-C(4)
C(20)-Sn-0(3) 92.5(3) C(3)-C(4)-C(5)
N(2)-Sn-0(3) 75.4(2) C(3)-C(4)-C(7)
C(19)-5n-N(1) 101.4(3) C(5)-C(4)-C(7)
C(20)-Sn-N(1) 98.8(4) C(6)-C(5)-C(4)
N(2)-Sn-N(1) 74.2(3) C(1)-C(6)-C(5)
0(3)-Sn-N(1) 149.6(3) C(4)-C(7)-C(8)
C(11)-0(3)-Sn 118.0(5) N(1)-C(8)-C(7)
C(8)-N(1)-Sn 109.0(4) N(1)-C(8)-C(9)
C(9)-N(2)-C(10) 120.0(7) C(7)-C(8)-C(9)
C(9)-N(2)-Sn 120.4(6) 0(2)-C(9)-N(2)
C(10)-N(2)-Sn 118.6(5) 0(2)-C(9)-C(8)
C(6)-C(1)-0(1) 122.5(9) N(2)-C(9)-C(8)
Possible H-bonding (A, °)
D-H---A D-H

N(1)-H(1B). - -O(3A) 0.86

O(1")-H(1"A)---0(2) 0.82

O(1)-H(1A)---0(2") 0.82

1.336(10) C(8)-C(9) 1.539(11)
1.458(10) C(10)-C(11) 1.546(12)
1.368(13) C(10)-C(12) 1.551(12)
1.403(13) C(12)-C(13) 1.504(12)
1.381(14) C(13)-C(18) 1.397(13)
1.401(13) C(13)-C(14) 1.406(14)
1.405(14) C(14)-C(15) 1.343(15)
1.512(13) C(15)-C(16) 1.412(18)
1.375(15) C(16)-C(17) 1.363(18)
1.526(11) C(17)-C(18) 1.386(16)
0(1")-C’ 1.346(15)
119.4(9) N(2)-C(10)-C(11) 109.1(7)
118.1(9) N(2)-C(10)-C(12) 113.0(7)
120.6(8) C(11)-C(10)-C(12) 111.7(7)
120.8(9) 0(4)-C(11)-0(3) 123.6(8)
116.7(10) 0(4)-C(11)-C(10) 118.4(8)
120.8(9) 0(3)-C(11)-C(10) 117.9(7)
122.4(9) C(13)-C(12)-C(10) 113.7(7)
122.6(9) C(18)-C(13)-C(14) 117.0(9)
119.8(9) C(18)-C(13)-C(12) 122.2(8)
116.0(7) C(14)-C(13)-C(12) 120.8(9)
111.5(6) C(15)-C(14)-C(13) 122.6(10)
108.5(6) C(14)-C(15)-C(16) 120.0(11)
113.5(7) C(17)-C(16)-C(15) 118.4(11)
126.2(8) C(16)-C(17)-C(18) 121.8(12)
118.7(7) C(17)-C(18)-C(13) 120.2(10)
114.7(7)
3.149 2.289 133.5
2.890 2.070 143.9
2.658 1.838 17922
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Table 5
Atomic coordinates (x10%) and equivalent isotropic displacement parameters
(A% x 10%) in Me,Sn(Tyr-Phe) - MeOH

X y z U(eq)
Sn 10740(1) 12035(1) 2439(1) 31(1)
o(1) 13294(8) 17066(8) 4614(3) 58(2)
0(2) 14922(7) 11745(5) 3275(3) 44(2)
0(3) 10007(6) 10307(5) 2792(3) 37(1)
0(4) 10408(7) 8907(6) 3457(3) 43(2)
N(1) 12405(7) 13553(6) 2429(4) 43(2)
N(2) 12421(7) 11569(6) 3039(3) 32(2)
c(1) 13711(10) 16310(8) 4177(4) 40(2)
c(2) 13218(10) 16570(8) 3614(4) 43(2)
C(3) 13616(10) 15844(8) 3156(4) 39(2)
C(4) 14518(9) 14831(8) 3242(4) 40(2)
c(5) 14984(11) 14602(9) 3812(5) 49(2)
C(6) 14587(11) 15322(9) 4269(4) 46(2)
C(7) 15014(9) 14069(8) 2736(4) 41(2)
C(8) 13934(8) 13074(7) 2557(4) 36(2)
c(9) 13783(8) 12073(8) 3010(4) 33(2)
C(10) 12168(9) 10543(7) 3416(4) 32(2)
c(11) 10733(10) 9877(8) 3217(4) 36(2)
C(12) 12090(10) 10888(8) 4065(4) 40(2)
C(13) 10929(10) 11829(8) 4198(3) 37(2)
c(14) 11336(12) 13042(10) 4240(4) 49(2)
C(15) 10338(12) 13906(10) 4367(5) 54(3)
C(16) 8811(15) 13613(12) 4459(5) 65(3)
c(17) 8395(13) 12440(12) 4428(6) 67(3)
C(18) 9417(11) 11546(10) 4292(4) 51(2)
c(19) 8888(9) 12842(9) 2831(4) 42(2)
C(20) 11230(12) 11288(8) 1627(4) 43(2)
o(1") 16403(11) 9685(8) 3628(4) 74(3)
(7 16091(17) 9269(12) 4161(6) 79(4)

U(eq) is defined as one third of the trace of the orthogonalized UY tensor.

Table 6
Anisotropic displacement parameters (A% x 10%) in Me,Sn(Tyr-Phe) - MeOH
Ull UZZ U33 U23 U13 U12

Sn 25(1) 26(1) 41(1) ~1(1) —2(1) 1(1)
o(1) 47(4) 68(5) 58(4) ~11(4) —9(3) 10(4)
0(2) 28(3) 34(3) 68(4) 2(3) ~13(3) 5(3)
0(3) 31(3) 23(3) 55(3) 4(3) ~5(3) —4(2)
0(4) 45(4) 29(3) 56(4) 5(3) —4(3) —8(3)
N(1) 22(3) 24(3) 82(6) 1(4) —10(4) —2(2)
N(2) 24(3) 27(3) 45(4) 1(3) ~5(3) 1(3)
(1) 35(4) 38(5) 47(5) —3(4) —3(4) —3(4)
2 35(5) 33(4) 61(6) 8(4) —4(4) 6(4)
3) 35(4) 35(5) 46(5) 8(4) —6(4) —6(4)
c(4) 25(4) 35(4) 61(6) 5(4) —5(4) ~7(3)
c(5) 44(5) 34(5) 68(7) 9(5) —22(5) —3(4)
C(6) 45(5) 43(5) 51(5) 6(4) —14(4) 2(4)
7 17(3) 34(4) 72(6) ~11(4) 0(4) 4(3)
c(8) 22(3) 31(4) 55(5) —6(4) 9(3) 6(3)
c(9) 26(4) 23(3) 50(4) 1(4) 33) 5(3)
c(10) 27(4) 26(4) 43(4) 2(3) 4(4) 5(3)
c(11) 38(4) 30(4) 41(4) ~7(3) 2(4) —4(4)
c(12) 34(4) 39(5) 47(5) ~1(4) ~10(4) ~1(4)
c(13) 42(5) 34(5) 35(4) —4(3) 2(4) —2(4)
c(14) 51(5) 47(6) 50(5) _5(5) —7(4) ~3(5)
c(15) 64(7) 42(5) 56(6) —6(5) —9(5) 3(5)
c(16) 77(8) 69(8) 48(6) _4(6) 7(6) 20(7)
c(17) 47(6) 75(8) 80(8) 13(7) 17(6) 8(6)
c(18) 42(5) 53(6) 57(5) 6(5) 8(5) _8(5)
c(19) 33(4) 34(4) 59(5) ~1(4) —2(4) 9(4)
C(20) 56(5) 29(4) 44(5) 0(4) 1(4) 11(4)
0(1") 99(7) 62(5) 62(5) 1(4) 0(5) 40(5)
c 83(10) 59(8) 95(10) 16(7) 1(8) 9(7)

The anisotropic  displacement factor
—2m?[h%a?U" + ... + 2hka’ b U'?].

exponent takes the form:

Me,Sn(Tyr-Phe) - MeOH) in the asymmetric unit and the
numbering of the atoms are shown in Fig. 5 and a stereoscopic
view of crystal packing of the unit cell is presented in Fig. 6.

Table 7

Torsion angles (°) in Me,Sn(Tyr-Phe) - MeOH

C(19)-Sn-0(3)-C(11) —105.5(6) C(4)-C(7)-C(8)-C(9) —67.4(9)
C(20)-Sn-0(3)-C(11) 118.0(6) C(10)-N(2)-C(9)-0(2) 1.0(13)
N(2)-Sn-0(3)-C(11) 7.9(6) Sn-N(2)-C(9)-0(2) —168.0(7)
N(1)-Sn-0(3)-C(11) 5.8(9) C(10)-N(2)-C(9)-C(8) 174.8(7)
C(19)-Sn-N(1)-C(8) 141.5(6) Sn-N(2)-C(9)-C(8) 5.8(9)
C(20)-Sn-N(1)-C(8) —77.4(7) N(1)-C(8)-C(9)-0(2) —163.5(8)
N(2)-Sn-N(1)-C(8) 31.1(6) C(7)-C(8)-C(9)-0(2) —39.0(10)
0(3)-Sn-N(1)-C(8) 33.3(10) N(1)-C(8)-C(9)-N(2) 22.2(10)
C(19)-Sn-N(2)-C(9) -116.9(7) C(7)-C(8)-C(9)-N(2) 146.7(7)
C(20)-Sn-N(2)-C(9) 72.9(7) C(9)-N(2)-C(10)-C(11) —160.5(7)
0(3)-Sn-N(2)-C(9) 160.3(7) Sn-N(2)-C(10)-C(11) 8.7(8)
N(1)-Sn-N(2)-C(9) —20.9(6) C(9)-N(2)-C(10)-C(12) 74.6(9)
C(19)-Sn-N(2)-C(10) 73.9(6) Sn-N(2)-C(10)-C(12) -116.2(6)
C(20)-Sn-N(2)-C(10) —96.2(6) Sn-0(3)-C(11)-0(4) 179.3(7)
0(3)-Sn-N(2)-C(10) -8.9(5) Sn-0(3)-C(11)-C(10) —5.7(10)
N(1)-Sn-N(2)-C(10) 170.0(6) N(2)-C(10)-C(11)-0(4) 173.6(7)
C(6)-C(1)-C(2)-C(3) -0.4(14)  C(12)-C(10)-C(11)-0(4) —60.8(10)
0(1)-C(1)-C(2)-C(3) 179.4(8) N(2)-C(10)-C(11)-0(3) —1.7(10)
C(1)-C(2)-C(3)-C(4) 0.1(14)  C(12)-C(10)-C(11)-0(3) 123.9(8)
C(2)-C(3)-C(4)-C(5) 0.1(13)  N(2)-C(10)-C(12)-C(13) 55.4(10)
C(2)-C(3)-C(4)-C(7) -177.2(8) C(11)-C(10)-C(12)-C(13) —68.1(9)
C(3)-C(4)-C(5)-C(6) 0.1(14)  C(10)-C(12)-C(13)-C(18) 84.3(11)
C(7)-C(4)-C(5)-C(6) 177.3(9) C(10)-C(12)-C(13)-C(14) —96.5(10)
0(1)-C(1)-C(6)-C(5) -179.3(9) C(18)-C(13)-C(14)-C(15) 0.3(15)
C(2)-C(1)-C(6)-C(5) 0.5(15)  C(12)-C(13)-C(14)-C(15) —178.9(9)
C(4)-C(5)-C(6)-C(1) —0.4(15)  C(13)-C(14)-C(15)-C(16) —0.5(17)
C(3)-C(4)-C(7)-C(8) —87.4(11)  C(14)-C(15)-C(16)-C(17) 1.4(19)
C(5)-C(4)-C(7)-C(8) 95.5(10) C(15)-C(16)-C(17)-C(18) -2(2)
Sn-N(1)-C(8)-C(7) -162.7(6) C(16)-C(17)-C(18)-C(13) 1.8(19)
Sn-N(1)-C(8)-C(9) —37.0(8) C(14)-C(13)-C(18)-C(17) —0.8(15)
C(4)-C(7)-C(8)-N(1) 55.4(11)  C(12)-C(13)-C(18)-C(17) 178.4(10)

Symmetry transformations used to generate equivalent atoms.

Me,Sn(Tyr-Phe) - MeOH crystallizes in the orthorhombic with
space group P2(1) 2(1) 2(1). The asymmetric unit contains one
Me,Sn(Tyr-Phe) molecule and one solvent molecule MeOH. Sn(1)
has a considerable distorted trigonal-bipyramidal environment
with terminal carboxylate oxygen O(3) (Sn-0(3)=2.195(5)A)
and terminal amino nitrogen N(1) (Sn-N(1) = 2.251(6) A) in the ax-
ial positions, and deprotonated peptide nitrogen N(2) (Sn-
N(2)=2.103(7)A) and the two methyl carbons C(19) and C(20)
(Sn-C(19)=2.085(8) A and Sn-C(20)=2.100(9) A) in the equato-
rial plane into a monomeric unit. The axial angle O(3)-Sn(1)-
N(1) of 149.6(3)°, deviates appreciably from linearity. The equato-
rial angle C(19)-Sn-C(20) in Me,Sn(Tyr-Phe) - MeOH, 136.4(4)°, is
larger than that in pentacoordinated diorganotin(IV)dipeptides
(e.g. 117.5(3)° in PhySn(Gly-Gly) [37]; 123.8(2)° in Me,Sn(Gly-
Met) [39]; 128.7(3)° in Et,Sn(Gly-His), - MeOH [41]; 125.3(3)° in
Bu,Sn(Gly-Val) [44]), but similar to that in MeySn(Met-Met),
132.0(3)° [42]; Me,Sn(Ala-His), 143.9(2)° [42]; 131.4(2) in
Et,Sn(Gly-Tyr) [43]. However intermolecular coordination to tin
either by carboxylate or peptide oxygen, as the cause of the
enlargement of the C-Sn-C angle, can be excluded since Sn-0 con-
tacts smaller than 3.5 A are not experimentally observed [43].
Molecular packing of the compound (Fig. 6) shows three hydrogen
bonds: one involving atom N(1) and O(3) with intermolecular
N(1)---0(3) distance of 3.149 A which is almost similar to the
sum of the van der Waals radii of 3.11 A [42]; two hydrogen bonds
are present between atoms of adjacent molecules: O(1’) (of tyro-
sine group)---O(2) (peptide oxygen) and O(1)---0(2').

4.4. Solution NMR spectral studies

4.4.1. "H NMR spectral analysis

The characteristic resonance peaks in the '"H NMR spectra of the
studied derivatives, recorded in methanol-d,4, are presented in
Table 8. The 'H NMR spectral data of H,Tyr-Phe are also included
in Table 8 for comparison. In the 'H NMR spectra of all of the
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Fig. 5. Molecular structure of Me,Sn(Try-Phe) - MeOH view of molecule showing atom numbering scheme.

Fig. 6. The molecular packing of Me,Sn(Try-Phe) - MeOH.

derivatives studied, the -CO(OH) resonance of H,Tyr-Phe (6 12.0-
13.0 ppm) is absent which suggests the replacement of the
carboxylic proton by the organotin(IV) moiety. In all of the diorga-
notin(IV) derivatives, the -NH, resonance observed either as a
broad weak signal or in conjugation with phenyl protons attached
to the tin, is shifted toward low field in the range 6 7.14-7.84 ppm,
when compared to that of H,Tyr-Phe (5 5.0-8.0 ppm) [56]. This is
probably due to the coordination of the amino group to the organo-
tin(IV) moiety. As reported previously [21-24,26,28,31], upon
complexation the magnetically non-equivalent alkyl protons of
the ligand undergo the diamagnetic shielding due to the conforma-
tion adopted by the ligand molecule. The resonances due to the
tin-alkyl protons in the studied Me,Sn(IV), n-Bu,Sn(IV), n-Oct,S-
n(IV) and MesSn(IV) derivatives are observed in the regions ¢
-0.15-0.58 ppm, & 0.47-1.53ppm, é 0.89-1.50ppm and 6
—0.18-0.39 ppm, respectively, whereas the tin-phenyl protons in
the Ph,Sn(IV) derivative are observed in the regions & 7.17-
7.77 ppm [21-24,26,28,31]. Further the 2J('H-'!°Sn) coupling
constant values obtained from the resolved satellites for the Me,S-

n(IV), MesSn(IV) and Ph,Sn(IV) derivatives correspond to the /C-
Sn-C of 128.40°, 136.12° and 112.92°/111.45°, respectively, (using
Lockhart and Manders equation) [57], which are in close agree-
ment with the crystallographically observed value of ~C-Sn-C of
136.4° in Me,Sn(Tyr-Phe) - MeOH and /C-Sn-C values observed
from ''9Sn Méssbauer data (Table 2) in the solid-state. In the case
of n-Bu,Sn(Tyr-Phe) and n-Oct,Sn(Tyr-Phe), the satellites are not
well resolved hence 2] values and C-Sn-C angle could not be calcu-
lated. In compounds 2, 3, 4 and 5, two set of resonances have been
observed due to the presence of stereoisomers. In the case of
MesSn(Tyr-Phe), in addition to the resonance at § —0.18 ppm
[2J('"H-1"°Sn) = 84.0 Hz; £C-Sn-C=136.12], there are two more
methyl resonances at ¢ 0.05 ppm and 0.39 ppm with 2J(*H-1'%Sn)
values of 54.2 and 63.0 Hz, respectively, which correspond to
/C-Sn-C of 109.15° and 114.14°, respectively. This indicates that
MesSn(Tyr-Phe) dissociates in the solution to form 4-coordinate
Me,Sn and 5-coordinate Me,Sn(Tyr-Phe) - MeOH, which are also
confirmed by the presence of the corresponding resonances in
13C and '9Sn NMR spectra (discussed in the subsequent sections).
The resonances due to all the magnetically non-equivalent protons
in the compounds studied have been successfully identified, and
the total numbers of protons calculated from the integration curve
are in agreement with those calculated from the proposed molec-
ular formula.

4.4.2. '3C NMR spectral analysis

The characteristic resonance peaks in the >*C NMR spectra of all
of the studied derivatives, recorded in deuterodimethylsulfoxide/
deuteromethanol, are presented in Table 9. The '3C NMR spectral
data of H,Tyr-Phe are also included in Table 9 for comparison.
The spectra of the organotin(IV) derivatives of H,Tyr-Phe are con-
sistent with the following observations:

e The resonances of the carboxylic carbon (i.e., C-1) in compounds
1,2, 3,4 and 5 are observed at lower § (5 180.6-178.4 ppm) than
in H,Tyr-Phe (6 208.1 ppm) except in the compound 6 in which
the resonance is observed at slightly higher é (6 209.2 ppm),
suggesting the coordination of H,Tyr-Phe, through the carbox-
ylic oxygen to the organotin(IV) moiety [22,27-29,31,32].
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TH NMR spectral data of the di- and triorganotin(IV) derivatives of H,Tyr-Phe

Complex no.

Complex/ligand (frequency, solvent)

% (ppm)

Ligand (H,L)

1

H,Tyr-Phe (500 MHz, CD50D + DMSO-d)

Me,Sn(Tyr-Phe) - MeOH (300 MHz, CD;0D)

H-2 + H-11: 2.67 (s, 2H); H-3 + H-12: 3.33 (s, 4H); H-5 + H-6 + H-7 + H-8 + H-9: 7.32 (m, 5H); H-14 + H-18:
7.18 (d, 8.0 Hz, 2H); H-15 + H-17: 6.81 (d, 8.0 Hz, 2H)

H-2: 4.45 (d, 1.8 Hz, 1H) [31.8 Hz]*; H-3: 3.28, 3.23 (dd, 6.4 Hz, 2H) [14.0 Hz]; H-5 + H-6 + H-7 + H-8 + H-9:
7.18 (d, 8.1 Hz, 5H); H-11: 3.75, 3.72 (dd, 3.0, 3.0 Hz, 1H); H-12: 2.87, 2.82 (dd, 9.0 Hz, 2H) [15.0 Hz];
H-14 + H-18: 6.94 (t, 3.3 Hz, 2H); H-15 + H-17: 6.84 (d, 6.0 Hz, 2H); H-o: —0.15 [78.0 Hz]P, 0.58 (s, 6H)
[78.0 Hz]°, ZC-Sn-C® = 128.40°

H-2: 4.53 (s br, 1H); H-3: 3.41 (s), 3.38 (d, 4.8 Hz, 2H) [15.3 Hz]; H-5 + H-6 + H-7 + H-8 + H-9: 7.26 (d,

8.1 Hz, 5H); H-11: 3.80 (d, 3.6 Hz, 1H); H-12: 3.32 (s), 3.29 (d, 3.6 Hz, 2H), 3.10, 3.05 (dd, 7.8, 7.8 Hz, 2H)*
[15.3 Hz]; H-14 + H-18: 6.96 (d, 7.8 Hz, 2H); H-15 + H-17: 6.93 (d, 8.1 Hz, 2H); H-a: 1.38 (t, 7.1 Hz, 4H); H-$:
1.53 (m, 2H), 0.70 (m, 1H), 0.47 (m, TH); H-y: 1.19 (m, 4H); H-5: 0.95 (t, 6.9 Hz, 3H), 0.90 (t, 6.6 Hz, 3H)"
H-2: 4.51 (t, 6.0 Hz, 1H); H-3: 3.19, 3.14 (dd, 4.8, 5.0 Hz, 2H), 2.88, 2.84 (dd, 3.6, 3.6 Hz, 2H)"; H-5 + H-6 +
H-7 + H-8 + H-9: 7.18 (m, 5H); H-11: 3.43, 3.40 (dd, 3.9, 3.9 Hz, 1H); H-12: 3.03, 2.98 (dd, 7.2, 7.2 Hz, 2H),
2.42,2.38(dd, 9.0, 9.3 Hz, 2H)?; H-14 + H-18: 6.90 (d, 8.1 Hz, 2H); H-15 + H-17: 6.64 (d, 8.1 Hz, 2H); H-Octyl:

H-2: 4.50 (t, 5.4 Hz, 1H); H-3: 3.18, 3.14 (dd, 5.1, 4.8 Hz, 2H), 2.89, 2.84 (dd, 3.9, 3.9 Hz, 2H); H-5 + H-6 +
H-7 + H-8 + H-9 + H -p: 7.17 (m, 9H); H-11: 3.44, 3.41 (dd, 3.9, 4.2 Hz, 1H); H-12: 3.03, 2.98 (dd, 7.5, 7.2 Hz,
2H), 2.50, 2.45 (dd, 8.4, 8.7 Hz, 2H)"; H-14 + H-18: 6.95 (d, 8.4 Hz, 2H); H-15 + H-17: 6.69 (d, 8.1 Hz, 2H); H-

H-2: 4.91 (s, 1H); H-3: 3.18, 3.13 (dd, 6.4 Hz, 2H), 2.85, 2.84 (dd, 6.4 Hz, 2H)"; H-5 + H-6 + H-7 + H-8 + H-9:
7.18 (m, 5H); H-11: 3.60 (t, 5.5 Hz, 1H); H-12: 3.44, 3.41 (dd, 4.2, 3.6 Hz, 2H), 2.44, 2.40 (dd, 6.0 Hz, 2H)";
H-14 + H-18: 6.91 (d, 4.2 Hz, 2H); H-15 + H-17: 6.64 (d, 4.0 Hz, 2H); H-a: —0.18(s) [84.0 Hz]®, ZC-Sn-
C"=136.12°, 0.05 (s, 9H) [54.2 Hz]°, 2C-Sn-C®=109.15°, 0.39 (s) [63.0 Hz]®, 2C-Sn-C" = 114.14°

2 n-Bu,Sn(Tyr-Phe) (300 MHz, CD3;0D)
3 n-Oct,Sn(Tyr-Phe) (300 MHz, CD50D)
1.29 (m, 34H)°
4 Ph,Sn(Tyr-Phe) (300 MHz, CD50D)
a: 7.77 (d, 6.0 Hz, 4H) [61.2/58.8 Hz]?, ZC-Sn-C® = 112.92°/111.45°; H-y: 7.43 (d, 6.9 Hz, 2H)
5 Me;Sn(HTyr-Phe) (500 MHz, CD30D)
2 Homonuclear proton-proton coupling multiplet abbreviations given in parentheses: s, singlet; d, doublet; t, triplet; q, quartet; dd, doubledoublet; m, multiplet.
b 213j(1H-117/1195n) coupling constants for the alkyl/phenyl groups are given between square brackets and £C-Sn-C’ = 0.0161/%J| — 1.32%|* + 133.4 [57].
¢ Geminal coupling.
4 Two set of resonances.
¢ Overlapping multiplets.
Table 9

13C NMR spectral data of the di- and triorganotin(IV) derivatives of H,Tyr-Phe

Complex no.

Complex/ligand (frequency, solvent)

o (ppm)

Ligand (H,L)

1

H,Tyr-Phe (500 MHz, CD30D + DMSO-dg )

Me,Sn(Tyr-Phe) - MeOH (300 MHz, CD5;0D)

2 n-Bu,Sn(Tyr-Phe) (300 MHz, CDs0D)
4 Ph,Sn (Tyr-Phe) (300 MHz, CDs0D)

5 MesSn(HTyr-Phe) (500 MHz, CD5;0D)
6 Ph;Sn(HTyr-Phe) (500 MHz, CD;0D)

C-1: 208.1; C-2: 54.6; C-3 + H-12: 37.8; C-4: 132.2; C-5+ H-9: 129.2; C-6 + H-8: 128.1; C-7: 126.3; C-10:
207.8; C-11: 56.0; C-13: 139.0; C-14 + H-18: 130.5; C-15 + H-17: 115.6; C-16: 156.8

C-1: 179.4; C-2: 57.4; C-3: 37.4; C-4: 128.0; C-5 + C-6 + C-8 + C-9: 129.3; C-7: 127.8; C-10: 175.1; C-11:
58.6; C-12: 39.0; C-13: 138.2; C-14 + C-18: 131.7, 131.5; C-15 + C-17: 117.0; C-16: 158.3; C-a: —0.6, —1.4
C-1: 179.4; C-2: 57.4; C-3: 37.6; C-4 + C-7: 127.8; C-5+C-9: 131.4; C-6 + C-8: 129.3; C-10: 175.1; C-11:
58.8; C-12: 38.7; C-13: 138.1; C-14 + C-18: 131.9; C-15 + C-17: 116.9; C-16: 158.0; C-a: 20.2, 20.1*
[610.5 Hz]®, £C-Sn-C” = 135.78 + 0.09°; C-p: 28.1, 28.2; C-y: 27.5; C-5: 13.9

C-1: 178.2; C-2: 56.8; C-3: 39.3; C-4: 130.1; C-5 + H-9: 129.2; C-6 + H-8: 129.1; C-7: 127.3; C-10: 176.1;
C-11: 57.7; C-12: 41.0; C-13: 139.3; C-14 + H-18: 131.3; C-15+H-17: 117.0 (116.7); C-16: 158.1; C-a:
141.0; C-p: 137.6 [37.7 Hz]"; C-y: 129.7; C-5: 130.5, 130.6

C-1: 180.6, 178.4; C-2: 54.9, 55.8; C-3: 39.5, 39.2; C-4: 127.2; C-5+C-9: 131.3, 130.8; C-6 + C-8: 129.5,
129.2; C-7: 127.4; C-10: 176.4, 176.0; C-11: (58.7), 58.0, 57.6, 57.0; C-12: (42.9), 41.3; C-13: 139.5, (138.3),
136.8; C-14 + C-18: 132.2, 131.6; C-15+C-17: 118.8, 119.5; C-16: 161.5; C-a: —3.8, —1.2, —0.3

C-1: 209.2; C-2 + C-11: 54.3; C-3 + H-12: 30.4, 30.3, 30.1; C-4: 130.1; C-5 + H-9: 128.6; C-6 + H-8: 130.5,
130.4; C-7: 127.0; C-10: 176.2; C-13: 137.6; C-14 + H-18: 131.6; C-15 + H-17: 119.1; C-16: 158.2; C-a:
143.0; C-p: 137.4; C-y: 129.0; C-5: 129.6

@ Splitted peak.
b 1j(13¢-117/1195p) coupling constants are given between square brackets; weak signals are in parentheses, |'J('*C-1"Sn)| = (9.99 # 0.73)0 — (746 + 100) [58].

e Various carbons of H,Tyr-Phe; especially C-2, undergo a shift to
higher 6 upon complexation as compared with that of H,Tyr-
Phe, indicating the strong interactions of the O-C=0 with tin.

e The carbons of phenyl (6 129.0-143.0 ppm) and alkyl (6 —3.8 to
28.2 ppm) groups attached to tin are observed at positions com-
parable with other, similar compounds [22,23,27-29,31,32]. The
observed 'J('3C-''9Sn) wvalue for n-Bu,Sn(IV) derivative
(610.5 Hz) corresponds to /C-Sn-C of 135.78 +0.09° (using
Lockhart and Manders equation) [57,58], which is also in good
agreement with the #C-Sn-C values obtained for diorgano-
tin(IV) derivatives from !'°Sn Méssbauer and X-ray crystallo-
graphic data in the solid state. In other derivatives studied
herein, the well resolved satellites have not been obtained,
hence 'J(*3C-11°Sn) and ~C-Sn-C have not been calculated.

e The resonances of the (CO)pepride also get substantial upfield shift
(6 175.1-176.4 ppm) in comparison to that of H,Tyr-Phe (&
207.8 ppm) due to the presence of the inter-/intra-molecular
hydrogen bonding to the some extent. Moreover, in MesSn(H-
Tyr-Phe), two set of resonances have been observed.

4.4.3. "9Sn NMR spectral analysis

The characteristic resonance peaks in the ''°Sn NMR spectra of
all of the studied derivatives 1, 2, 3,4, 5 and 6 recorded in deutero-
methanol, are presented in Table 10. The ''°Sn chemical shifts of
Me,Sn(Tyr-Phe), n-Bu,Sn(Tyr-Phe), Ph,Sn(Tyr-Phe), n-Oct,Sn(Tyr-
Phe), Me3Sn(HTyr-Phe), and PhsSn(HTyr-Phe) are observed in the
range 6 +58.6 to —181.7 ppm which are characteristic of the
five-coordinated dialkyl- and diphenyltin(IV) derivatives

Table 10

11950 NMR spectral data of the di- and triorganotin(IV) derivatives of H,Tyr-Phe
Complex no. Complex (500 MHz, CD30D) 4 (ppm)

1 Me,Sn(Tyr-Phe) - MeOH -160.56

2 Bu,Sn(Tyr-Phe) —140.32

3 Oct,Sn(Tyr-Phe) -150.6

4 Ph,Sn (Tyr-Phe) —106.64

5 Me;Sn(HTyr-Phe) —106.3; +58.6; +3.4
6 Ph;Sn (HTyr-Phe) ~181.7; —288.2
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[22,23,27-29,31,32]. Further, ''°Sn NMR spectra of MesSn(HTyr-
Phe), and PhsSn(HTyr-Phe) gave additional resonances at ¢
—106.3 and +3.4 ppm and —288.2 ppm, respectively. In case of
PhsSn(HTyr-Phe), it may be due to the presence of diastereoiso-
mers. As reported previously, the presence of additional ''°Sn
NMR resonances in Me;Sn(HTyr-Phe) can be due to decomposition
reaction as shown in Eq. (5), which is favored by the nucleophilic
complexation by the methanol molecule from solvent, which
weakens one of the Sn—-CH; bond that becomes prone to methyl
group redistribution:

2[(CHs3),Sn(HTyr-Phe)] — (CH3),Sn + (CHs3),Sn(Tyr-Phe) - MeOH
+ H,Tyr-Phe (5)

On the basis of the coordinating pattern of tyrosinylphenylalanine
anion toward di- and triorganotin(IV) moieties as evidenced by
solution and solid-state spectroscopic studies, these newly synthe-
sized organotin(IV) derivatives may serve as models for metal-pro-
tein interactions.
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