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Complexes of L-methionyl-L-histidine
(HoMetHis) with R,Sn(lV) ions (R =Me, nBu,
Ph) have been synthesized. The crystal and
molecular structures of Me,SnMetHis-0.5MeOH
have been determined by X-ray diffraction. The
title compound contains two crystallographically

independent molecular units possessing the same

trigonal-bipyramidal geometry at tin, each di-
methyltin(IV) moiety being coordinated by the
terminal amino nitrogen, deprotonated peptide
nitrogen and terminal carboxylate group,
neither the imidazole nor thioether groups being
involved in bonding.

IR spectroscopy was used to probe the struc-
ture of the complexes in the solid state, and the
structure in solution (CDsOD) was assessed by
'H and *C NMR. Me,Sn(IV)dipeptide com-
plexes appear to be undissociated and to retain a
pentacoordinated structure. Rotamer popula-
tion of C-terminal histidine was determined by
analysis of vicinal coupling constants and side-
chain orientations have been interpreted with a
view to potential applications of the compounds
as recognition agents.

Biological activity was tested on Ascidian
embryos of Ciona intestinalisat different stages
of development. Copyright © 2000 John Wiley
& Sons, Ltd.

Keywords: diorganotin(IV); methionylhistidine;

* Correspondence to: M. A. Girasolo, Dipartimento di Chimica
Inorganica, Universitadi Palermo, Viale delle Scienze, Parco

d’'Orleans, 90128 Palermo, Italy.
Contract/grant sponsor: Ministero per I'Universigala Ricerca
Scientifica (Roma).

Copyright© 2000 John Wiley & Sons, Ltd.

X-ray structure; IR; *H and **C NMR spectra;
rotamer population; development; Ascidiaceae

Received 11 June 1999; accepted 18 October 1999

INTRODUCTION

The imposition by metal ions of conformational
constraints on peptidic ligands, leading to complex
molecules whose structure acts as a template
orienting side chains in such a way that they act
as recognition elements towards a receptor sub-
strate, has been proposed as a key strategy in the
development of structure-based design of peptido-
mimetics?

Moreover, the task of designing artificial
nucleases by combining in one molecule a DNA-
binding moiety, (represented by a rhodium inter-
calator), and a reactive domain (represented by a
tethered metallopeptide modeled on natural hydro-
lytic enzymes), has been successfully accomplished
by Barton and co-workers.

The title compounds refer to diorganotin(lV), a
moiety known to possess antitumor activitgnd
the dipeptide L-methionyli-histidine (Fig. 1),
which along with other methionine—containing
peptides is able to coordinate transition—metal ions.
In the case of biologically relevant platinum(ll),
binding competition between histidine and methio-
nine side chains has been investigatedls for
related applications, it has been demonstrated in
immobilized metal ion affinity chromatography
(IMAC) that peptides containing both methionine
and histidine, possessing a high affinity for metal
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Figure 1 A representatiorof HoMetHis, with numberingof
atoms.

ions immobilized on stationary phases,can be
effectively separatedndpurified; hencea potential
purification strategyis to attacha metal-chelating
peptide, either chemically or biosynthetically,to
the N-terminus of a protein. In this context,
H,MetHis might behaveas a purification device
for recombinanproteinssincethe specificnucleo-
tide sequenceanbeligatedto the exoncodingfor
the desiredprotein®

Iron-thiolate-inducedxidationof methionineto
methioninesulfoxideby intramolecularcatalysisby
histidine is an example of mutual interaction
mediatedby metalions®

The crystalstructureof Me,SnMetHis0.5MeOH
exemplifiestheimportantrole playedby hydrogen-
bondinginteractionsin determiningthe molecular
packingin the solid.” Indeed the complexreported
in this work, along with those of tryptophan-
containing peptidespreviously reported® appears
to adopt a self-assemblypattern, mediated by
solvent molecules,which might be indicative of
the potential role of thesepeptide complexesas
supramolecularsynthons. Moreover, it is note-
worthy that since neither the imidazole ring of
histidine nor the thioethergroup of methionineis
boundto the metal ion, they must act as pendant
armsextendingontheexteriorpartof themolecule;
hence the possibility exists that histidine side
chains, in particular, may effectively recognize
biomoleculessuch as DNA, as in ‘zinc finger
proteins? andthereforedisplaybiological activity.

EXPERIMENTAL
L-methionyl4 -histidine (H,MetHis) was obtained
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from Bachem (Switzerland) and used without
further purification. Me,SnO and PhSnO were
obtainedby hydrolysisof Me,SnCL andPh,SnCb.
The solvent (MeOH) was dried by standard
methods.

The compoundsveresynthesizedy additionof
freshly preparedR,SnO (2 mmol) (R=Me, nBu,
Ph) to a solution of the stoichiometricamountof
L-methionyli-histidine (2mmol) in 50ml of
anhydrous methanol, followed by refluxing for
4 h. Thesolventwasreducedo asmallvolumein a
rotary evaporatorand colorlesscrystalsof Me,Sn-
MetHis suitablefor X-ray analysiswere obtained
immediately, while nBuwSnMetHis  and
PhSnMetHis were obtained as white solids by
addition of diethyl ether. The solids were filtered
off, washedwith MeOH and dried in vacuoover
P4O10.

Elementalmicroanalysesor C, H, N andS were
performed by the Department of Inorganic,
Organometalliand Analytical Chemistry,Univer-
sity of Padova/taly.

Me,SnMetHis0.5MeOH: Found: C, 35.96; H,
5.29;N, 12.92;S,6.96.Calcd:C, 36.10;H, 5.38;N,
12.47;S,7.14%.

nBu,SnMetHisH,O: Found:C, 42.64;H, 6.76;
N, 10.22.Calcd.C, 42.63;H, 6.78;N, 10.47%.

Ph,SnMetHis1.5H,0: Found:C, 47.15;H, 4.83;
N, 9.38;S5.45.Calcd:C, 47.28;H, 5.00; N, 9.59;
S,5.49%.

Infrared spectrawere recordedfor Nujol mulls
(4000-18@m 1) with aPerkin-Elmemodel983G
instrument.

H andproton-decoupled®C NMR spectravere
recordecatroomtemperaturepnaBrukerAC250E
spectrometeoperatingat 250.1MHz for *H andat
62.89MHz for 1°C. Tetramethylsitne (TMS) was
usedasinternalstandard.

Standardorogramswere usedto acquirephase-
sensitive2D COSY spectravhich wererecordedat
room temperature(25+1 °C); sweepwidth was
typically 2380.95Hz, 256 free induction decays
were recordedin 512 data points, eachof which
consistedf 64 scans.

Spectrawere simulated using the RACCOON
program(University of Wisconsin).

Concentrationsvere 107 ?m for Me,SnMetHis
andnBu,SnMetHis;nearlysaturategolutionswere
usedfor the lesssolublePh,SnMetHis.

The solvent content in the complexes was
authenticatedy thermogravimetrianalysisusing
a Mettler TA 3000 systemin a pure nitrogen
atmosphere in the temperature range 35—
450°C.

Appl. OrganometalChem.14, 197-211(2000)
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Biological material and methods

Adult specimensof Ciona intestinalis (Urochor-
data), collectedfrom the Gulf of Palermoand its

vicinity, were identified accordingto Berrill.*°
Male and female gametesvere removedfrom the
gonoductof dissectedinimalsandtransferrednto

SyracusealishesTheeggswererearedn Millipore-

filtered seawater.Dry spermwas diluted before
insemination Fertilized eggsat the two-cell stage
were incubatedin 10°° or 10 '™ solutions of

H,MetHis and of the complexesMe,SnMetHis,
nBuw,SnMetHis and Ph,SnMetHis (positive con-
trols) andin seawater(negativecontrols).All the
experimentswere performedat 22 °C. The pH of

the solutionswas controlledand maintainedat the
normalpH of seawatef7.75-7.80).

In vivo observationswere made with a Leitz
microscopeand photographswere taken with a
Leitz Ortoplan microscope,using an lliford FP4
Plusfilm.

X-ray crystallography

Unit cell dimensionswere determinedby X-ray
diffraction andrefinedusingthe angularsettingsof

Table 1 Crystaldatafor [Me,SnMetHis}-CH;OH

Formula Co7H4gNsO7S,Sn

Mol.wt 898.28

Crystalsystem Orthorombic

Spacegroup P2:2:2,

Crystaldimensiondmm®  0.3x 0.3x 0.3

a(A) 20.058(2)

b (A) 20.217(2)

c(A) 9.207(2)

o (deg) 90

B (deg) 90

7 (deg) 90

V (A°) 3733(1)

Z 4

Dc (Mgm™3) 16.0

7. (Mo (A) 0.71073

w(em™) 14.99

No. of measuredeflections 5083

No. of independent 5020
reflections

No. of observedeflections 2649

F (000) 1816

R 0.069

WR 0.071

w 1.0/[¢? (F) + 0.007F?]

G 0.844

Goodnes®f fit = S [W(Fo—F¢)?)]Y%/(N-P)

Copyright© 2000JohnWiley & Sons,Ltd.

24 automaticallycenteredreflectionsin the range
12° <20 < 24°. Intensity data were recorded
usinga 6—20 scanfrom 4.5to0 56.0°.

Intensities were measured with a Philips
PW1100diffractometer(T = 293K); no absorption
correctionwasappliedandthe structurewassolved
by directmethodsusingSHELX86"! andrefinedby
full-matrix least-squaresechniqueswith SHELX
76 using 2649reflectionshavingF > 3¢(F ) and
414 refined parameters.The molecular graphics
programusedwasORTER,,. Hydrogenatomswere
calculatedbut not refined. Data collection details
and resultsof the refinementsare summarizedn
Table 1. Fractionalcoordinatedor the complexes
aregivenin Table2.

Complete atomic coordinates, thermal para-
meters and bond lengths and angles have been
depositedat the CambridgeCrystallographicData
Centre, 12 Union Road,CambridgeCB2 1EZ, UK,
assupplementarypublicationno. CCDC.

RESULTS AND DISCUSSION

Characterization of the complexes
in the solid state

Thermogravimetric analysis

The thermal decompositiorof the complexeswas
investigatedby thermogravimetry(TG) anddiffer-
ential TG (DTG) techniquesto authenticatethe
natureandextentof solventmoleculesn the solid.

The Me,SnMetHis0.5MeOH for which the X-
ray crystal structurehasbeensolved undergoesa
masdosscorrespondingo 3.74%in the35-100°C
range (DTG 55°C) in agreementwith the 3.57%
value expectedfor 0.5mol CH3OH per formula
unit.

For the identification and quantification of
solventmoleculesin the nBu,SnMetHisH,O and
PhSnMetHis1.5H,0O, a comparisonwas made
with the free ligand (Bachem,lot no. 508463).
Forthefreeligand,afirst masdosswasrecordedn
the107-144Crange(DTG 137°C) corresponding
to 1.53%,followed by a secondin the rangel44—
185°C (DTG 159°C) correspondingo a masdoss
of 5.75%.Bachemprovidesthe following values
for the ligand/watercontent:1.5% correspondgo
0.25mol H,0 performulaunit; 6.0%of formic acid
correspondso 0.4mol HCOOH per formula unit.

Henceour TGA experimentalaluesarein good
agreementwith those provided by the manufac-
turer.

Appl. OrganometalChem.14, 197-211(2000)
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Table 2 Fractional atomic coordinatesand equivalentisotropic displacement
parametergA?) with ESD (in parentheses)

X Yy z Uis/eq
Molecule A
Sn(1) 0.06397(6) 0.09017(5) 0.413(1) 0.0562(4)
S(1) 0.0264(3) —0.2037(3) 0.3228(6) 0.086(2)
0(1) 0.0792(5) 0.1661(5) 0.572(1) 0.059(4)
0(2) 0.101(8) 0.1846(6) 0.803(1) 0.079(5)
0(3) 0.1086(6) —0.0607(5) 0.71(1) 0.056(4)
N(1) 0.044(1) —0.0201(8) 0.369(2) 0.120(6)
N(2) 0.1011(6) 0.0377(5) 0.595(1) 0.043(4)
N(3) 0.247(6) 0.1534(6) 0.568(2) 0.057(5)
N(4) 0.311(7) 0.0875(7) 0.438(2) 0.068(5)
c(1) —0.038(1) 0.116(1) 0.401(3) 0.097(9)
c(2) 0.136(1) 0.119(1) 0.264(2) 0.091(9)
C(3) 0.0974(8) 0.1472(8) 0.703(2) 0.057(6)
C(4) 0.1219(7) 0.0749(7) 0.719(2) 0.047(5)
c(5) 0.0966(7) —0.0281(7) 0.602(2) 0.047(5)
c(6) 0.0728(8) —0.0644(7) 0.47(2) 0.045(5)
C(7) 0.1221(8) —0.113(1) 0.416(2) 0.069(7)
C(8) 0.102(1) —0.156(1) 0.293(2) 0.083(8)
C(9) 0.054(2) —0.263(1) 0.459(3) 0.13(1)
C(10) 0.1975(7) 0.0735(7) 0.744(2) 0.051(5)
Cc(11) 0.2402(7) 0.0911(7) 0.624(2) 0.049(5)
Cc(12) 0.278(1) 0.0472(8) 0.54(2) 0.066(7)
Cc(13) 0.29(9) 0.1486(9) 0.471(2) 0.077(8)
MoleculeB
Sn(2) 0.45018(5) 0.64608(6) 0.0664(1) 0.0504(3)
S(2) 0.23(4) 0.7297(4) 0.577(1) 0.135(4)
0(4) 0.5009(6) 0.5675(6) —0.052(1) 0.074(5)
0o(5) 0.5184(7) 0.46(6) —0.058(2) 0.093(6)
0(6) 0.4163(5) 0.5263(5) 0.428(1) 0.057(4)
N(5) 0.3875(6) 0.6833(6) 0.251(1) 0.050(5)
N(6) 0.4343(6) 0.564(6) 0.197(1) 0.046(4)
N(7) 0.2859(7) 0.5011(7) 0.086(2) 0.058(5)
N(8) 0.2779(8) 0.4999(7) —0.151(2) 0.056(5)
C(14) 0.5386(8) 0.699(1) 0.103(2) 0.075(7)
C(15) 0.383(1) 0.663(1) —0.097(2) 0.078(8)
c(16) 0.4935(9) 0.507(1) 0.003(2) 0.061(7)
c(17) 0.4561(8) 0.4981(9) 0.144(2) 0.053(5)
C(18) 0.416(7) 0.5702(7) 0.337(2) 0.041(4)
C(19) 0.3947(7) 0.6393(7) 0.38(2) 0.046(5)
C(20) 0.331(1) 0.6429(9) 0.471(2) 0.066(7)
c(21) 0.319(1) 0.709(1) 0.528(3) 0.091(9)
c(22) 0.223(1) 0.676(1) 0.705(5) 0.14(2)
c(23) 0.4003(8) 0.4523(7) 0.129(2) 0.050(5)
C(24) 0.3446(8) 0.4731(8) 0.031(2) 0.049(5)
C(25) 0.3391(9) 0.474(1) —0.118(2) 0.065(7)
C(26) 0.2506(9) 0.515(1) —0.027(2) 0.066(7)
O(L)M  —0.2596(7) 0.2147(7) 0.348(2) 0.115(8)
C()M  —0.2(1) 0.185(1) 0.36(3) 0.10(1)

Thermogravimetric analysis of nBwSn-  weregraduallylostupto 200°C, thedibutyltin(IV)

MetHisH,O and Ph,SnMetHis1.5H,0 complexes
gavethe following indications:solventmolecules

Copyright© 2000JohnWiley & Sons,Ltd.

derivativeunderwenta masdossof 2.85%,andfor
the diphenyltin(IVV) complex the massloss was

Appl. OrganometalChem.14, 197-211(2000)
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Figure 2 Structureof A and B molecularunits, and atomic
numberingscheme.

4.54%.Theseexperimentatlataindicatethatwater
is presentin the complexes,the contentin the
former complexbeing slightly lessthanthe value
calculated3.36%)for 1 mol H,O performulaunit,
while in the latter it agreesclosely with the
calculated value (4.62%) for 1.5mol H,O per
formulaunit.

X-ray crystal structure of
Me,SnMetHis-0.5MeOH

The title compoundcontainstwo crystallographi-
cally independentnolecularunits,A andB (Fig. 2),
which have the same basic trigonal-bipyramidal
geometry at tin, namely each dimethyltin(IV)
moiety is bondedby the terminal amino nitrogen,
deprotonatedpeptide nitrogen and terminal car-
boxylategroup,the chelatedipeptideligand form-
ing two five-memberedahelateringswith themetal
ion. Figure2 showsthemolecularstructureandthe

Copyright© 2000JohnWiley & Sons,Ltd.

numbering scheme.Selectedbond distancesand
angles are reported in Table 3; they incluge
SN—Nimino=2.30(2)A, , SN—Nyeptide= 2.12(1)A,
SN—Qarboxylate= 2.15(1)A for molecule A, and
SN—Nimino=2.25(1)A, . SN—Nyeptide= 2.07(1)A,
SN—Qarvoxylate= 2.18(1)A for moleculeB; the C-
Sn-C anglesfor the organometallicnoiety which,
with  Npepiige defines the equatorial plane, are
124.6(9)° for molecule A and 125.7(8)° for
molecule B. The axial Ocarpoxyiate~SM—Namino
anglesdeviateappreciablyfrom linearity: they are
146.9(6)° and 152.3(5)° for moleculesA and B
respectivelyln this context,the carboxylategroup
is acting as a monodentateligand in an anti
configuration.

The mean plane of the chelating dipeptide is
defined by N(1),C(6),C(5),C(4),0(1)atoms for
moleculeA, showingdeviationgfrom planarity of
—0.128A for N(2) and+0.204A for C(3), andby
N(5),C(18),N(6),C(16),0(4atomsfor moleculeB,
with deviationsfrom planarityof +0.226 for C(19)
and —0.202 for C(17).In C-terminalhistidine,the
imidazole ring projects obliquely towards the
chelatering and forms an angle of 112.7(5)° in
molecule A and a larger one [126.4(6)°] in
moleculeB, with the bestmeancoordinationplane.
In both instanceshistidine is presentasthe NH-3
tautomer,but the imidazolering is presentas two
conformers generatedy rotation aroundthe C*—
C” (orc#-C") bond.Thegeometryponddistances
and anglesof the imidazole ring not involved in
bonding to the organometallic moiety, are in
agreementwith the values found for the free
aminoacid-®*® The conformationof the histidine
andmethionineresiduesanbe describedisingthe
torsion anglesin Table 3, (torsion angle nomen-
clatureis accordingto the IUPAC-IUB Commis-
sion on BiochemicalNomenclatur&?). Noticeably
for histidine residue y!=N(2)—C(4)-C(10)-
C(11)=52(2)°(A) and y =N(6)—C(17)}-C(23)
C(24)=57(2)°(B);  7*'= C£4)—C(10)—C(11)—
N(3)=70(2)°(A) and y*'=C(17)-C(23)
C(24)-N(7)=—98(2)°(B). In thehistidineresidue
with respectto the C*~C” bond, C¥-C" lies
gauche relative to C*—CO and C*-N, thus
correspondingo the g* side-chainconformation.
Forthemethionineresiduefwo differentside-chain
conformationsare present.

It is noteworthy that sulfur atoms are not
involved in bondingto the organometalliamoiety;
the methionineresidueis thereforepresentin the
extendedorm which closelyresembleghat found
for N-terminal methionine in Me,SnMetMet*®
whereasthe conformationalfreedomof the histi-

Appl. OrganometalChem.14, 197-211(2000)
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Table 3 Bonddistanceshondanglesandtorsionangleswith ESDin parentheses

BonddistanceqA)

Molecule A

Sn(1)-0(1) 2.15(2) Sn(1)-N(1) 2.30(2)
Sn(1)-N(2) 2.12(2) Sn(1)-C(2) 2.11(2)
Sn(1)-C(2) 2.07(2) S(1)-C(8) 1.82(2)
S(1)-C(9) 1.82(3) 0(1)-C(3) 1.31(2)
0(2)-C(3) 1.19(2) 0O(3)-C(5) 1.22(2)
N(1)-C(6) 1.42(2) N(2)-C(4) 1.43(2)
N(2)-C(5) 1.33(2) N(3)-C(11) 1.37(2)
N(3)-C(13) 1.25(3) N(4)-C(12) 1.41(2)
N(4)-C(13) 1.34(2) C(3)-C(4) 1.55(2)
C(4)-C(10) 1.54(2) C(5)-C(6) 1.49(2)
C(6)-C(7) 1.48(2) C(7)-C(8) 1.48(3)
C(10)-C(11) 1.45(2) C(11)-C(12) 1.40(2)
Molecule B

Sn(2)-0(4) 2.18(1) Sn(2)-N(5) 2.25(1)
Sn(2)-N(6) 2.07(2) Sn(2)-C(14) 2.10(2)
Sn(2)-C(15) 2.05(2) S(2)-C(21) 1.90(2)
S(2)-C(22) 1.60(4) 0(4)-C(16) 1.34(2)
0O(5)-C(16) 1.21(2) 0(6)-C(18) 1.22(2)
N(5)-C(19) 1.49(2) N(6)-C(17) 1.48(2)
N(6)-C(18) 1.35(2) N(7)-C(24) 1.40(2)
N(7)-C(26) 1.29(2) N(8)-C(25) 1.37(2)
N(8)—C(26) 1.31(2) C(16)-C(17) 1.51(2)
C(17)-C(23) 1.46(2) C(18)-C(19) 1.51(2)
C(19)-C(20) 1.54(2) C(20)-C(21) 1.45(3)
C(23)-C(24) 1.49(2) C(24)-C(25) 1.38(2)
Oo(1)M—C(1)M 1.35(3)

Bondangles(deg)

Molecule A

C(1)-Sn(1)-C(2) 124.6(9) N(2)-Sn(1)-C(2) 114.7(7)
N(2)-Sn(1)-C(1) 120.5(7) N(1)-Sn(1)-C(2) 106.0(8)
N(1)-Sn(1)-C(1) 93.6(8) N(1)-Sn(1)-N(2) 73.4(6)
0O(1)-Sn(1)-C(2) 98.9(7) 0O(1)-Sn(1)-C(2) 89.8(7)
0O(1)-Sn(1)-N(2) 76.6(4) 0(1)-Sn(1)-N(1) 146.9(6)
C(8)-S(1)-C(9) 101(2) Sn(1)-0(1)-C(3) 117.3(9)
Sn(1)-N(1)-H(2)N(1) 77.0(8) Sn(1)-N(1)-H(1)N(1) 94(1)
Sn(1)-N(1)-C(6) 115(2) Sn(1)-N(2)-C(5) 121(2)
Sn(1)-N(2)-C(4) 118.0(9) C(4)-N(2)-C(5) 120(1)
C(11)-N(3)-C(13) 105(2) C(12)-N(4)-C(13) 104(1)
0(1)-C(3)-0(2) 123(1) 0(2)-C(3)-C(4) 121(1)
0(1)-C(3)-C(4) 117(2) N(2)-C(4)-C(3) 109(2)
C(3)-C(4)-C(10) 110(1) N(2)-C(4)-C(10) 114(1)
0O(3)-C(5)-N(2) 124(1) N(2)-C(5)-C(6) 118(1)
0(3)-C(5)-C(6) 118(1) N(1)-C(6)-C(5) 111(1)
C(5)-C(6)-C(7) 113(1) N(1)-C(6)-C(7) 118(1)
C(6)-C(7)-C(8) 117(1) S(1)-C(8)-C(7) 115(1)
C(4)-C(10)-C(11) 118(1) N(3)-C(11)-C(10) 125(1)
C(10)-C(11)-C(12) 126(1) N(3)-C(11)-C(12) 109(1)
N(4)-C(12)-C(11) 105(1) N(3)-C(13)-N(4) 117(2)
MoleculeB

C(14)-Sn(2)-C(15) 125.7(8) N(6)-Sn(2)-C(15) 117.5(7)
N(6)-Sn(2)-C(14) 116.6(6) N(5)-Sn(2)-C(15) 97.6(7)
N(5)-Sn(2)-C(14) 100.3(7) N(5)-Sn(2)-N(6) 75.1(4)
0(4)-Sn(2)-C(15) 93.6(6) 0(4)-Sn(2)-C(14) 93.5(6)

Copyright© 2000JohnWiley & Sons,Ltd. Appl. OrganometalChem.14, 197-211(2000)
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Table 3 (continued)

0O(4)-Sn(2)-N(6) 77.2(5)
C(21)-S(2)-C(22) 97(1)
Sn(2)-N(5)-H(2)N(5) 113.6(9)
Sn(2)-N(5)-C(19) 110.4(9)
C(19)-N(5)-H(1)N(5) 114(1)
Sn(2)-N(6)-C(17) 118.9(9)
C(24)-N(7)-C(26) 105(1)
C(25)-N(8)-H(1)N(8) 127(2)
0O(4)-C(16)-0(5) 120(1)
0O(4)-C(16)-C(17) 119(1)
C(16)-C(17)-C(23) 112(1)
0O(6)-C(18)-N(6) 126(1)
0(6)-C(18)-C(19) 120(1)
C(18)-C(19)-C(20) 115(1)
C(19)-C(20)-C(21) 112(1)
C(17)-C(23)-C(24) 117(1)
C(23)-C(24)-C(25) 131(1)
N(8)-C(25)-C(24) 107(2)
O(1)M-C(1)M-H(1)CM 113(2)
Torsionangles(deg)

Molecule A

N(1)-Sn(1)-N(2)-C(4) —-171(1)
0(1)-C(3)-C(4)-C(10) 109(2)
C(3)-C(4)-C(10)-C(11) -71(2)
N(2)-C(4)-C(10)-C(11) 52(2)
C(4)-C(10)-C(11)-N(3) 70(2)
C(4)-C(10)-C(11)-C(12) —105(2)
C(10)-C(11)-C(12)-N(4) —180(1)
Sn(1)-N(1)-C(6)-C(7) —119(2)
C(9)-S(1)-C(8)-C(7) —69(2)
N(1)-C(6)-C(7)-C(8) —53(2)
C(5)-C(6)-C(7)-C(8) 176(1)
C(6)-C(7)-C(8)-S(1) —56(2)

0(4)-Sn(2)-N(5) 152.3(5)
Sn(2)-O(4)-C(16) 115(2)
Sn(2)-N(5)-H(1)N(5) 102.4(8)
C(19)-N(5)-H(2)N(5) 110(2)
Sn(2)-N(6)-C(18) 121.5(9)
C(17)-N(6)-C(18) 118(1)
C(26)-N(8)-H(1)N(8) 128(1)
C(25)-N(8)-C(26) 106(1)
0(5)-C(16)-C(17) 121(2)
N(6)-C(17)-C(16) 109(2)
N(6)-C(17)-C(23) 112(2)
N(6)-C(18)-C(19) 114(2)
N(5)-C(19)-C(18) 112(2)
N(5)-C(19)-C(20) 109(2)
S(2)-C(21)-C(20) 116(1)
N(7)-C(24)-C(23) 122(2)
N(7)-C(24)-C(25) 107(2)
N(7)-C(26)-N(8) 115(2)
C(1)M-O(1)M-H10OM 111(2)
MoleculeB

N(5)-Sn(2)-N(6)-C(17) 172(1)
0O(4)-C(16)-C(17)-C(23) 124(2)
C(16)-C(17)-C(23)-C(24) 57(2)
N(6)-C(17)-C(23)-C(24) 57(2)
C(17)-C(23)-C(24)-N(7) —98(2)
C(17)-C(23)-C(24)-C(25) 78(2)
C(23)-C(24)-C(25)-N(8) -178(2)
Sn(2)-N(5)-C(19)-C(20) —152(1)
C(22)-S(2)-C(21)-C(20) 64(2)
N(5)-C(19)-C(20)-C(21) —63(2)
C(18)-C(19)-C(29)-C(21) 171(2)
C(19)-C(20)-C(21)-S(2) 157(2)

dine residueis restrictedby the presenceof the
metal-complexedore.

Hydrogen bonds play a significant role in
determining the crystal packing of the complex
(Fig. 3). Monomericunits A areinterconnectedby
relatively weak N—H---O hydrogen bonds be-
tweenthe imidazole NH-3 hydrogendonorof one
molecule and the peptide CO acceptor oxygen
atomsof the next, the formeractingasan acceptor
of hydrogenbondsfrom methanolthrough N(1).
Hydrogen-bondingletailsare reportedin Table4.
MoleculesB are interconnectedy direct interac-
tion betweenthe imidazole NH-3 donor and the
N(1) acceptorwhichbringsthetwo imidazolerings
close together in a edge-to-edgefashion. The
alternativeconformationshownby moleculeB is
presumablydictatedby hydrogen-bondormation
in the crystalstructure.

Molecules A and B are interconnectedby

Copyright© 2000JohnWiley & Sons,Ltd.

hydrogen bonds promoted by the coordinated
amino group of B, which is H-bondedto the
carboxylategroupof A, andto a solventmolecule

Figure 3 The unit cell of Me,SnMetHis0.5MeOH. Broken
linesindicatehydrogenbonds.

Appl. OrganometalChem.14, 197-211(2000)
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Table 4 Hydrogen-bondingjistances{,&) andangles( °)

D—H---A D—H H---A D---A D—H-- A
O()M—H(1)OM--N@3® 0.95(1) 1.83(1) 278(2) 179.3(1)
0.94 1.84 179.3
N@)—H(LN@) --0@P  1.11(1) 161(1) 270(2)  165.8(9)
1.03 1.69 166.5
NGB)—H(LN(S) --O(L)M®  1.11(1)  1.74(1) 2.80(2)  158.8(8)
1.03 1.81 159.7
NG)—H@)N(G) --0@2F  1.08(1) 1.66(1) 272(2)  165.6(8)
1.03 1.71 166.0
N@)—H(N(@®) - -N(7  1.08(1) 1.68(1) 274(2)  166.5(9)
1.03 1.72 166.9
Symmetrycodesl.a +X—3 —y—35—1—2-2;

b
c

+x =y -y —i-l, -z -1
—Xx—31-1,-y-2,4z-%
X —2,4y+s -z—31-1;
€ x—3-1,-y-1,4+2z-3

f The secondrow of datafor eachbondgivesvaluesnormalizedaccordingto Refs16 and

17.

which acts as a bridge betweenthe two entities.
Solventmoleculesjncorporatedn thelatticewith a
site occupancyof 0.5, exertan effectwhich is also
found in the crystal structuresof Me,SnAla-
His-MeOH" andMe,SnTrpAlaMeOH?8

In the overall view, the two molecules are
arrangedas H-bondedchainsof monomersyesult-
ing in a ‘polymer’ whoseconstructionis aidedby
intermolecular interactions which propagate
throughthe crystal as flattenedhelicesrunningin
an antiparallel fashion with a repeat sequence
AABB alongthe (100) axis.

This suggeststhat conformational constraints
exertedby metalions on peptidicligandsleadto a
complex moleculewhosecore structureactsas a
templatewhich orients side-chainsin a way that
enablesthem to become recognition elements
towardsa receptorsubstrate:Zinc finger’ proteins
are an example, where recognition of DNA is
effectedby donatingan H-bondfrom histidineNH-
3 to N7 of guanine? It is temptingto suggesthat
small (organo)metaldipeptideomplexessuch as
thesereportedhere may be consideredas minim-
alist supramolecularsynthonsleading to ordered
entities driven by H bonds betweenimidazole
nitrogen atoms of two neighboringcomponents,
and that they hold promiseof becomingpart of a
key strategyin the developmenbf structure-based
designof peptidomimetics:*®

The goal of reproducing the bioactivity of
proteinsusing smallermolecularstructuresand of
elucidatingthe relationshipbetweensequencend
conformationhas recently been pursued:® These

Copyright© 2000JohnWiley & Sons,Ltd.

efforts have focused on the construction of
‘peptide-amphiphile’ (amphiphilic sheetsand/or
helices)with theaim of creatingnovelbiomaterials
with distinct protein-like structuresand template-
assembledyntheticproteins(TASP).

In this context methionine can be used as a
‘switchable’ residue since it is lipophilic but
methionine sulfoxide, reversibly generated, is
hydrophilicZ° the ‘amphiphilic order’ of residues
being the main determinant of the preferred
conformation A comparisorof thecrystalstructure
of Me,SnMetMet'® whichis disorderedwith those
of MeZSnAIaHi§é and Me,SnMetHis (this work)
shows hydrophilic histidine to be effective in
directing moleculestowardsa more orderedself-
assembledrystalstructureby meanof side-chain—
side-chainH-bondedcontacts.

In the nBw,Sn(IV) and PhSn(1V) derivatives,
watermoleculesarealsoexpectedo give anetwork
of intermolecularhydrogen-bondcontacts,in the
crystal packingof the complexesas exhibited by
histidine hydrochloride monohydratewhere, be-
sides H bonds involving the imino and amino
groups, water hydrogen atoms interact with the
carboxylategroup*® The role of watermolecules
in determining peptide folding and creation of
supermolecule$fs-turns, a-helices)hasbeendem-
onstrated' andrecentlyreassessefr triamideand
diamidemodelsystemg?23

Vibrational spectra
Theinfraredspectraof the water-containindigand
and complexes(Table 5) show one broad v(OH)

Appl. OrganometalChem.14, 197-211(2000)
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Table 5 SomerelevantlR frequenciegcm™2) for R,Sn(IV)>* complexeswith dipeptide

v(NH)

Compound v(OH®  Amidel

vadCOO)  v,n{COO")

vadSNG) veym(SNG)

3488
3315s
3135m
3250m,sh
3110s,bd
3493s,bl
3423s,b8
3200m,bq
3110w
3400s,b8
3200s,b8
3110w

HoMetHis 1643m

Me,SnMetHis0.5CH,OH 1643s

nBu,SnMetHisH,O 1638s

PhSnMetHis1.5H,0

1640s,bd

1607vs 1402m

1611s 1402w 568m 532m

1613s 1400m 556m 514m

1619s 1390m

& sh, shoulder;w, weak; m, medium;s, strong;vs, very strong;bd, broad;as,asymmetric:sym, symmetric.

v(OH) of waterpresenin the compound.
¢ y(NH) imidazole,superimposedn v(NH,).

bandat 3485cm ™! (H,MetHis) which is split into
two bands in nBwSnMetHis (3493 and
3423cm™ 1Y), while giving rise to a much broader
band centeredat 3400cm ! for Ph,SnMetHis.
A medium band is also presentat §(H-O-H)
~1650cm ! in all hydratedcompounds.
Vibrations associatedwith the NH3;" group
(2145cm™* in H,MetHis) are missing in the
complexes,and appearas v(NH,) at 3250cm *
(bd) in Me,SnMetHis, and at 3200cm™* (bd) in
nBuwSnMetHis and Ph.SnMetHis. The v(NH)
vibration due to the NH group of the imidazole
ring of histidine, as in the previously reported
histidine-containingdipeptides’* can be assigned
to the sharp peaksat 3315 and 3135cm™~ in
H,MetHis, which, in spiteof thefact theimidazole
groupis notinvolvedin bondingto the organomet-
allic moiety, appearo becomebroaderandshifted
to lower frequencies(3200 and 3110cm™ ) in
the complexes.The doubling of the v(OH) band
has been observed previously in tBu,SnGly-
Gly-H,0%>?® wherethe water moleculeis fixed in
the crystal packing by H bonds involving both
hydrogenatomsof H,O andthe NH, groupandthe
carboxylandcarbonyloxygenatoms ExtensiveH-
bondingis probablyalsoresponsible€or the small
shiftsin the v, COO ) and Amide | bands(Table
5), while the Amide Il band at 1510cm * in
H,MetHis, which involvesthe peptidegroup N-H
deformation,disappearsn the complexes.
Valuesof Av[ = vo{COO )—vsyr{COO)] in the
range209-22%cm - for all the complexessuggest
that the carboxylate groups coordinate, in a

Copyright© 2000JohnWiley & Sons,Ltd.

monodentatefashion, the organometallicions?’
along with the terminal amino groupsand depro-
tonated peptide nitrogen atoms, the tridentate
peptide ligand yielding complexes structurally
similar to those separately containing either
methionineor histidinefor which X-ray structures
have been determined® where the coordination
polyhedraaroundthetin atomareslightly distorted
trigonal bipyramids.

Characterization of the complexes
in solution

3C NMR spectra

13C NMR resonancefor the freeligand, dueto its
limited solubility in CD3OD, were obtained in
solutionsof CDs0OD to which 10% (v/v) of D,O
was added,and/or by addition of stoichiometric
amountsof NaOD. The resonancedor the free
ligand and the organotin(lVV) complexesare re-
portedin Table6.

Relative to the free dipeptide, the shifts of
resonanceslue to metal coordinationhave been
monitored. A general pattern emergesin the
complexes,namely a shift to lower field for all
resonanceswith the exception of the JCHs
resonancef N-terminalL-methioninewhichshows
minor shifts in the opposite direction. Not un-
expectedlythe more significant shifts are those
relative to the carboxylateand peptide carbonyl
groups which are directly involved in bonding,
while it is significantthatan effectively unchanged
position for the SCH-3 resonancerules out

Appl. OrganometalChem.14, 197-211(2000)
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thioethercoordinationin suchcomplexesFor the
presencen solutionof the tautomericforms of the
imidazolering of histidine,referencavasmadeto a
study?® of the characteristipH-dependenshifts of

imidazole carbonatoms, supportedby theoretical
calculationson histidine, which hasbeenusedto

determinethe tautomericequilibrium. From these
studiesaswell asfrom a morerecent'H-"3C CT-

HSQCinvestigation the evidenceemergeghatthe
NH-3 tautomeris favored” in neutralsolution.In

our experimentsa slight broadnes®f the C(4) and
C(5) resonancesgspeciallyin Me,SnMetHis,was
observed.This gives some indication, being the
resonancesan averageof the two forms, that such
an equilibriumis operatingin our systems.

Structuraldetails for the complexesin CD;OD
solutions,.e. determinatiorof C-Sn-Cbondangles
for the organometallicmoieties, have been ex-
tractedby evaluating|"J(**°SnC)| andby useof
the relationshipsof Lockhart and Mander$® and
Holeceket al.®

The organometallianoietiesof the complexesn
solution show coupling constantswhich may be
relatedto the coordinationnumberof the tin atom
and to the C-Sn-C anglesfor the specimenin
solution. For Me,SnMetHis,*J = 627.5Hz, so the
C-Sn-Cangleis calculatedto be 132°.

For nBu,SnMetHis, the chemicalshifts for the
carbonatoms of the organometallicmoiety have
beenassignedn relationto the diagnosticvaluesof
the "J coupling constants|'J(**°n}3C)| = 560Hz
and [N(*’Snl3C| =532Hz, |2ng n'C) =
23Hz and 2)(***Sn*C)| =80Hz, “J being the
smallestandXJ the highestamongthe "J values.

For the determinationof the structure of n-
dibutyltin(IV) thevaluesof both|*J(**°Sn}°C)| and
|*3(**’snl3C)| are in agreementwith the values
proposedby Holeceket al.3! for pentacoordinated
compounds;the angles C*-Sn-C'=130.7° and
127.9°, respectively havebeencalculated.

It is noteworthythat both the **C and*H NMR
spectrapresenta pattern which is found in all
RoSn(1V) dipeptidecomplexesnamelythesplitting
of resonanceglue to the organometallicmoiety,
while a single set of resonanceselative to the
ligandis preservedthechirality of thecomplexess
responsibldor the appearancef two magnetically
non-equivalenR,Snresonances.

'H NMR spectra

For the free ligand (CDsOD-D,O, CD;OD-
NaOD), the resonance®f the individual amino
acids were assignedaccordingto Wiithrich*? to
the previouslyreportedmethionine-and histidine-

Copyright© 2000JohnWiley & Sons,Ltd.
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Figure 4 Two-dimensionatontourplot of *H-'H correlation
spectrum(COSY) of Me,SnMetHis0.5MeOH.

containingligandsand complexe$? by analysisof
the two-dimensional*H-*H correlation contour
plot (COSY spectrum)for Me,SnMetHis,and are
in good agreementwith data reported by Shel-
drick®® for theligandin D,O at pD =6.7. Theyare
reportedin Table7 andFig. 4.

The additionof equimolaramountsof NaOD to
H,MetHis affords a betterresolutionof the CH,
signalsof methionine.Metallation by the organo-
metallic moiety, relativeto the anionicform of the
ligand (NaODadded) showeda downfieldshift for
“CH which is largerin the caseof nBu,SnMetHis
and Ph,SnMetHis derivatives, while “CH reso-
nancesare shifted slightly upfield for Me,Sn-
MetHis, showing, in both one- and two-
dimensional (COSY) spectra,a coupling of the
“CH protonof histidinewith the ***Sn nucleusof
33Hz. This finding has also been reported for
coordination of the Me,Sn(IV) ion in aqueous
solutionwith dié)eptidessuchasglycylglycine and
glycylhistidine®® An additional connectivity is
shownin the COSY spectrumbetweenCH-4 and
#CH, protons ForCH, and” CH, downfieldshifts
aregenerallyobservedlt is noteworthythatneither
the y nor the § protonsof methionineshow any
significantshift, which rulesoutcoordinatiorby the
thioethergroup.lt is of someinterestthatthe CH-2
and CH-4 resonancegof theimidazolering) show
minor shifts relative to the anionic form of the
ligand: whereasfor Me,SnMetHis it is only the

Appl. OrganometalChem.14, 197-211(2000)
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Figure 5 Side-grouprotamersvhereA, B andX areprotons:
g, gauche rotamer;t, trans rotamer; g*, gauche most-
hindered rotamer.

CH-4resonanceavhichis shiftedto higherfield, for
nBu,SnMetHis CH-2 is shifted to lower field by
0.14ppm and CH-4 to higher field by 0.05ppm,
and in Ph,SnMetHis both CH-2 and CH-4 reso-
nancesare shifted to slightly higherfield by 0.57
and0.12ppmrespectively A surveyof complexes
of dipeptideshearinghistidineasthe C-terminus>*
where N(1) of the imidazole group bondsto the
metalion, presentshe samepatternof upfieldshifts
of CH-2andCH-4 protons.Takinginto accounthe
large steric hyndrancewhich is expectedfor the
PhSn(IV) moiety, it seemsunlikely that such
bonding takes place in our compound.As pre-
viously suggested® side-chain inter- or intra-
molecular interactions between aromatic rings
may inducethrough-spacehemicalshift effects.
Consideringthe conformationof the complexes
in solution,aspreviouslyobserve&, whereasn the
free ligand the peptidebackboneis predominantly
present in a flexible extended form, in the
complexeschelationby amino, peptide nitrogens
and carboxylategroupsprovidesa stiff backbone;
therefore it is attached side-chain interactions
which play a crucial role in determiningwhich
conformationis preferred. The conformationin
solution of non-coordinatedhistidine side chains

was estimatedby *H NMR analysis of vicinal
proton coupling constantsabout the “CH-Y'CH,
bond. *H NMR spectraare time-averagedover
threepredominanstaggeredotamersasillustrated
in Fig. 5. Thethree-spinABX systemgeneratedby
“CH and diastereotopid CH, protonswas exam-
ined; Jax and Jgx coupling constants were
determinedand related to the mole fractions of
eachrotameraccordingto the procedurefollowed
by Martin and co-workers® (Table8).

From the conformationalstudies,the following
conclusionscan be drawn concerningthe confor-
mationsadoptedby C-terminalhistidinerelativeto
the free dipeptide.

In the free dipeptide,whetherin the neutral or
monoanionic form, rotamer g~ predominates
among the three staggeredethanic rotamers.In
the monoanionicform of the dipeptide a slight
increaseof g~ andt rotamersis observedrelative
to the free dipeptide, at the expenseof the gt
rotamer.Following complexatiorwith the organo-
metallic moieties a dramatic increaseof the g*
rotamer is observed,whereby the 5-imidazolyl
groupappeargo be directedtowardsthe coordina-
tion plane, consistentlywith the X-ray structural
informationobtainedfor Me,SnMetHisin the solid
state.

For the dimethyltin(lV) moiety, the
12J(**9Sn!H)| valuesare reportedin Table 7; C-
Sn-C bond angles obtained by Lockhart and
Manders' relationship” were 132° and 129° for
the two magnetically nonequivalent CHx(Sn)
resonancesl he angleappeargo beslightly higher
thanthe C-Sn-Canglesfound for the two crystal-
lographicallyindependentinits.

Results of biological testing
The effects of H.MetHis and its diorganotin

Table 8 Couplingconstantandrotamerpopulations

Population(mol mol™?)

Jax®(Hz)  Jex*(H2) g*? t? g™
H,MetHis” 52 6.8 0.40 0.26 0.34
H,MetHis® 55 7.5 0.45 0.30 0.25
Me,SnMetHis 4.0 4.0 0.15 0.15 0.70
Bu,SnMetHis 4.5 4.2 0.16 0.19 0.64
Ph,SnMetHis 3.4 3.6 0.11 0.09 0.79

aJax, Jex androtamerfractionsfor C-terminalhistidine.

bSolvent: CD;0D + D,0.
°Solvent:CD;0D + NaOD.

Copyright© 2000JohnWiley & Sons,Ltd.
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Figure 6 Larvaeof Cionaintestinalis(controls).

derivativeson Cionaintestinalisembryonicdevel-
opmentweretestedat different concentrations.

Negative controls

As previouslyobservedfor fertilized eggsof Ciona
intestinali$® embryonicdevelopmentesultsin the
following stagesiuring24h: 2,4, 8, 16,32,64and
128 cells up to gastrula, neurula, tailoud and
swimming larva. The last of these possesses

nervoussystemwith two sensitiveblack spots(Fig.
6).

Treatment with HoMetHis and diorganotin
derivatives

The results are reported in Table 9. Embryo
developmenganalysisindicates:

(a) The eggsincubatedat the two-cell stagein
H,MetHis free dipeptide develop50% nor-
mal larvaeand50% larvaewith twistedtails
in 10> M solution(Fig. 7). Thepercentagef
normal larvae increasesn 10’ M solution
(80%).

(b) Me,SnMetHis doesnot exert any effect on
the embryonicdevelopmenat either 10> or
10~ M concentrationthis resultis somewhat
unexpectedincethe activity of the complex
speciesseemdo compensatdor the adverse
effect exertedby the ligand itself.

(c) nBu,SnMetHis is more toxic than
PhSnMetHis, exerting its effect on early
events of development,since it promotes
inhibition at the mitotic stages,as demon-
stratedby thefact that50% of the eggscease
cleavageat anomalousl6—-32-cellstagesin
10°M nBu,SnMetHis solution and 50%
developup to early gastrula(Fig. 8a). More-
over,thenBu,SnMetHisderivativeis toxic at

Table9 Developmentf Cionaintestinalissggsin seawatesolutionsof diorganotindipeptidegreatedfrom two-cell

stageup to larva®

Developmenttage

Conc Anomalous Early  Anomalous Anomalous Anomalous Swimming
Compound (moll™)  16-32blastomeres gastrulae neurulae tailbuds larvae larvae

10°° 50 50 50
H,MetHis

107 20 80

10°° 100
Me,SnMetHis

107 100

10°° 50
nBu,SnMetHis

107 100

10°° 100
Ph,SnMetHis

107 100
Controls 100

3Percentagef eggsarrestedat anintermediatestage or developedo swimminglarvae(lastcolumn),from five experiments.

Copyright© 2000JohnWiley & Sons,Ltd.
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Figure 7 Ciona intestinalis anomalousand normal larvae
derivedfrom thetwo-cell stagejncubatedn 10~ M H,MetHis
solution.

Figure 8 Ciona intestinalis. (a) Blocked at the 16—32 cell

stagethefertilized eggshadbeenincubatedn 10~° M nBu,Sn-
MetHis solution at the two-cell stage.(b) Anomalousneurulae
derivedfrom the two-cell stage incubatedin 10~" M nBu,Sn-
MetHis solution.(c) Anomaloustailbudsderivedfrom incuba-
tion at the two-cell stagein 10~° M Ph,SnMetHissolution. (d)

Anomalouslarvaein ovular envelopesderivedfrom the two-

cell stageincubatedin 10~° M Ph,SnMetHissolution.

Copyright© 2000JohnWiley & Sons,Ltd.

10~ "M, (Fig. 8b) asanomalousieurulaawith
open neural folds and anomaloustailbuds
with the brain systemlacking sensitivespots
areobtained.

(d) Ph,SnMetHis in 10"°m solution exerts an
intermediateeffect since anomaloudailbuds
andin 10~ " m solutionanomalousarvaewith
twistedtails are observed Figs 8c and 8d).

As a possiblemechanisnexplainingthe altered
embryonicdevelopmenbbservedmainly with the
nBu,Sn-derivativeye suggesthattheconcurrence
of factorspreviouslyobservedn asimilar studyon
aBu,Sn-carbohydratéoxicant®“°operateslsoin
our systemsthereis probablya perturbatioron the
surfacemoleculesof the plasmamembraneand/or
on the cytoskeleton,which blocks mitosis and
inhibits cell movementand recognition at the
gastrulastage,giving rise to anomaloussmbryos.
Moreover neurulaewvith openneuralfolds couldbe
causedy theinvolvementof the microfilamentsof
neural-fold cells by the toxicants;this might bear
some similarity to the neurotoxicity exerted by
organotinsn humans**

CONCLUSION

The amphiphilic dipeptide H,MetHis, in the com-

plexMe,SnMetHis appearso adoptaself-assembly
pattern, mediatedby solvent molecules,by which

the hydrophobic‘tail’ (methionine)servesto align

the monomericunits, while the hydrophilic ‘head

group’ (histidine) forms a distinct structural motif

(coordinationto the organometallicmoiety) where
the5-imidazoly groupis projectedasapendanerm

on the exterior part of the complex providing self-

associatiorby anextensivenetworkof H bonds.and

offering a potentialsitefor cell recognition.Spectro-
scopic studies agree with the suggestionthat a

similar structureis presentin the nBw,Sr** and

PhSI" derivatives.Biological activity is closely

related to that of previously investigated R,Sn

dipeptidecomplexes,in that the nBu,Sn(lV) deri-

vative appearsto be more toxic. Among potential

applications of the title compounds,it is worth

noting that the dipepfde being the structural
componentwhich may recognizebiologically rele-

vant systems,DNA fixation of the organometallic
moiety may be synergicallyinduced.
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