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The square-planar structure of the [Cl,Pt(alaninate)] ~ an-
ion was determined by X-ray crystallography. In the crystal
structure the packing of the components is dominated by lay-
ers of potassium ions.
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Introduction

Platinum complexes of amino acids and pep-
tides [1—-5] have found interest as potential antitu-
mor drugs with the idea that the coordinated bioli-
gands might favor the transport and/or the selec-
tive uptake of the cytotoxic platinum unit into tu-
mor cells [6—8]. Complexes of the type [CloPt(N,0-
amino acid anion)]” are formed from K;[PtCly]
and amino acids and have been reported as early
as 1912 by Ley [9]. They have been character-
ized and used as starting compounds for other com-
plexes by the pioneers in platinum/amino acid chem-
istry Volshtein and Slyudkin [1, 5, 10, 11]. Erick-
son and coworkers [12—17] could synthesize sev-
eral complexes [ClyPt(amino acid anion)]™ and have
thoroughly studied their structure and chemistry by
NMR spectroscopy. The complexes K[Cl,Pt(N-O)]
(N-O = glycinate, alaninate) were reacted with nucle-
obases and nucleosides to give mixed-ligand com-
pounds [18, 19]. Interestingly, the glycinate complex

[C1,Pt(glyO)]~ catalyzes the selective oxidation of sp3
carbon-hydrogen bonds in water [20].

Lippard and coworkers [21, 22] screened complexes
formed in situ from K,PtCly and combinations of -
amino acids regarding their ability to bind high mobil-
ity group protein 1 and to give DNA adducts. The lysi-
nate complex [Cl,Pt(N,0-NH,CH(CO,)(CH;)4NHj3]
which was first reported by Altman et al. [23, 24]
could be identified as the best candidate with mo-
derate cytotoxicity towards tumor cells [21, 22]. The
latter effect was already reported for K[Cl,Pt(N-O)]
(N-O = glycinate, serinate) [25]. And recently, mo-
derate cytotoxic effects on human tumor cells were
reported for the ornithinate complex [Cl,Pt(N,O-
NH,CH(CO,)(CH;)3NH3], and — notably — the com-
plex with the D-enantiomer of ornithine showed a sig-
nificantly higher cytotoxicity than that with the L-
isomer [26]. In the following we report on the molecu-
lar and crystal structure of K[Cl,Pt(L-alaninate)] (1).

Previously, crystallographic determinations of the
structures of the dichlorido complexes [Cl,Pt(N-O)]
(N-O =lysinate+H* [28], ornithinate+H" [27])
and Cs[Cl,Pt(N-methyl-4-hydroxy-prolinate]~ [29]
and of the chloridoplatinate(IV) complexes cis
and trans-[CLPt(N-O);] (N-O=glycinate, alan-
inate) [30, 31], [ClsPt(glycinate)]~ [32] and
[CLsPt(glycinate)(py)] [33] were carried out.

Results and Discussions

The molecular, square-planar structure of
K[Cl,Pt(L-alaO)] is shown in Fig. 1, and the bond
lengths and bond angles are given in Table 1. The

Fig. 1 (color online). Molecular structure of the anion and po-
sitions of some of the neighboring K™ cations in the crystal
structure of K[Cl,Pt(L-alaO)].
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Table 1. Bond lengths (A) and angles (deg) of K[Cl,Pt(L-
alaO)].

Ptl-Cll  2.3218(8) ClI-Pt1-CI2  93.36(3)
Pt1-CI2  2.2866(8) Cl1-Pt1-0O1 91.25(6)
Pt1-O1 2.028(2) Cl1-Pt1-N1 173.75(8)
Pt1-N1 2.015(3) CI2-Pt1-O1 175.28(6)
01-Cl 1.304(3) CI2-Pt1-N1 92.89(8)
02-C1 1.223(3) 01-Pt1-N1 82.50(9)
N1-C2 1.480(5) Pt1-N1-C2 109.8(2)
Cc1-C2 1.528(5) 01-C1-02 122.1(3)
c2-C3 1.504(5) 01-C1-C2 116.6(3)
02-C1-C2 121.3(3)
N1-C2-C3 112.4(3)
C1-C2-C3 114.13)
N1-C2-C1 109.03)
K1-Cll 3.243(1)
K1-01 2.747(3)
K2-Cll 3.246(1)
K2-01 2.782(3)

five-membered chelate ring Pt1-O1-C1-C2-N1 is
puckered and adopts a ©?Ty; twist conformation
which is slightly distorted towards an Ey; envelope
conformation [34]. C2 and N1 deviate from the least-
squares plane through the chelate ring by 0.185(4)
and —0.177(6) A, respectively. The “coordination bite”
[N(amino)-Pt—O(carboxyl)] of 83.5° agrees perfectly
with those of other platinum(II) a-aminocarboxylates
(Table 2). Freeman [35, 36] has observed a linear
relationship between the metal-N/O bond lengths
and the N-metal-O angle of amino acid metal
complexes, which is true also for K[Cl,Pt(L-alaO)]
with an angle of 83.5° and a mean Pt-donor atom
bond length of 2.0 A. In Table 2 the Pt-N and Pt-O
bond lengths of comparable platinum complexes are
listed. The Pt—Cl bond lengths are slightly different,
which might be due to the stronger trans-influence

L L

Fig. 2 (color online). Packing of the components in the crys-
tal structure of K[Cl,Pt(L-alaO)] (color code: K turquoise, Pt
dark blue, Cl green, O red, N blue). Each of the KT cations
is located on a special position with 1/4 occupancy.

of the trans-amino group in comparison to that of
the carboxylate-O atom. The same observation was
made for other chloro-aminocarboxylato-Pt complexes
(Table 2) [27, 28, 30].

In the crystal (Fig. 2) the packing of the title com-
pound is dominated by layers parallel to the ab plane.
Each layer consists of a central layer of potassium ions
(turquoise in the packing diagram; color online). On
both sides of this potassium layer, the platinum com-
plexes are arranged with their molecular planes ap-
proximately parallel to the bc plane and, hence, almost
perpendicular to the layers of the potassium ions. The

Table 2. Bond lengths (A) and coordination bite angles (deg) of aminocarboxylato platinum chelates.

Pt—Cl PN Pt-O N-Pt-O Ref.
[CLPt(L-ala0)]~ 2.29/2.32 2.015(3) 2.028(2) 82.5(1) this work
[Cl,Pt(N-methyl-hydroxyprolinate)]~ 2.26/2.38 1.97(1) 2.06(1) 85.5 [29, 41]
[CloPt(lysinate+H™)] 2.28/2.32 2.03(2) 2.01(1) 83.0(6) [28]
[CLyPt(ornithinate+H")] 2.29/2.32 2.06(1) 2.036(9) 83.13) [27]
Cl,Pt(diaminopropionate+H™)] 2.28/2.31 2.01(2) 2.01(1) 82.7(4) [28]
trans-[Pt(glyO)s] - 2.037(4) 2.002(4) 82.5(2) [36]
cis-[Pt(glyO),] - 2.013 2.015 83.0 [37]
[(H3N),Pt(alaO)]* - 2.08(2) 2.05(2) 83.2(8) [38]
[(phen)Pt(ala0)]* - 2.031(6) 1.991(3) 82.8(1) [39]
[(bmp)Pt(alaO]* - 2.009(8) 1.994(7) 82.0(3) [40]
cis-[ClyPt(gly0), ] 2.29/2.31 2.034(6) 2.010(6) 84.4(2) [30]

2.040(6) 2.019(5) 83.5(3)
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Table 3. Crystallographic data of K[Cl,Pt(L-alaO)].

Formula C3HgCl,KNO, Pt
M, 393.167

Crystal size, mm> 0.21 x 0.06 x 0.05
T,K 173(2)

Crystal system orthorhombic
Space group P222

a, 7.17910(10)

b, A 9.0902(2)

¢, A 12.8246(2)

v, A3 836.93(3)

V4 4

Calcd. density, g cm 3 3.12

u(MoK,), mm~! 17.8

Absorption correction multi-scan
Transmission factor range 0.1306-0.2780
0 range, deg 3.18-27.57

Refls. measured / unique / Riy
Mean o (1)/1
Refls. with 7 > 2 o(I)

21579 / 1948 / 0.0405
0.0188
1911

Refls. used in refinement 1948

Refined parameters 95

R(F) (I >20(I)) / wR (F?)* (all data) ~ 0.0167 / 0.0411
(shift/error)max 0.001

x/y (weighting scheme)® 0.0187 / 1.0754
S¢ 1.124

Flack parameter —0.020(11)
Res. electron density (max / min),e A=3  0.57 / —1.93

R =X[|Fo| - |Fe||/Z|Fo s ® wR = [Ew(Fg — F2)? [Zw(F3)?] /2, w =
[0%(F2)+ (xP)> +yP]~!, where P = (Max(FZ2,0) +2F2?)/3;¢ S =

GoF = [ZW(FOZ - E:2)2/(nobs - nparam)] 1/2

potassium ions are coordinated by the oxygen atoms
of the carboxylate group of the alanine and one of the
two chloride ions (Cl11). The other chloride ion (CI2) as

well as the NH, group of the alanine are not involved
in potassium coordination, but link the layers along the
c axis by hydrogen bonds of the type N-HCl.

Experimental
Potassium dichlorido-(L-alaninato)-platinate(1l)

To a solution of potassium tetrachloroplatinate(Il)
(122 mg, 0.29 mmol, 1.5 eq.) in D,O (1.3 mL) was added
L-alanine (18 mg, 0.20 mmol, 1.0 eq.). The resulting red so-
lution was stirred at 120 °C for 3 h and then cooled to 4 °C
to obtain colorless crystals. — 'H NMR (400 MHz, D,0): §
(ppm) =4.11(q,3J =7.2Hz, 1H,CH), 1.57 (d,3J =7.2 Hz,
3H, CH;3). - '3C NMR (101 MHz, D,0): § (ppm)=191.0
(CO), 55.1 (CH), 18.4 (CH3).

X-Ray structure determination

Diffraction data were collected at 173 K with MoK, ra-
diation (A = 0.71073 A) with a Nonius KappaCCD diffrac-
tometer equipped with a rotating anode. The structure was
solved with Direct Methods [42] and refined with SHELXL-
97 by full-matrix least-squares on F 2 [43]. The K* coun-
terions are located on special positions with 1/4 occupancy
(numbered K1 to K4). All non-hydrogen atoms were refined
anisotropically. The hydrogen atoms were calculated in ideal
geometry and treated as riding on their parent atoms in the
final refinement. The crystallographic data of 1 are listed in
Table 3.

CCDC 881403 contains the supplementary crystallo-
graphic data for this paper. These data can be obtained free
of charge from The Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data_request/cif.

[1] L. M. Volshtein, Sov. J. Coord. Chem. 1975, 1, 483.

[2] W. Beck, Pure Appl. Chem. 1988, 60, 1357.

[3] A.lakovidis, N. Hadjiliadis, Coord. Chem. Rev. 1994,
135/136, 17.

[4] T. G. Appleton, Coord. Chem. Rev. 1997, 166, 313.

[5] O. P Slyudkin, A. A. Tulupov, Russ. J. Coord. Chem.
2005, 31, 77.

[6] See e.g.: W. Beck, B. Purucker, M. Girnth, H. Scho-
nenberger, H. Seidenberger, G. Ruckdeschel, Z. Natur-
forsch. 1976, 31b, 832.

[71 W. Beck, H. Bissinger, M. Girnth-Weller, B. Purucker,
G. Thiel, H. Zippel, H. Seidenberger, B. Wappes,
H. Schonenberger, Chem. Ber. 1982, 115, 2256.

[8] R.Gust, W. Beck, G. Jaouen, H. Schonenberger, Coord.
Chem. Rev. 2009, 253, 2743, and refs. therein.

[9] H.Ley, K. Ficken, Ber. Dtsch. Chem. Ges. 1912, 45,
3717.

[10] L. M. Volshtein, O. P. Slyudkin, Zh. Neorgan. Khim.
1974, 19, 131.

O. P. Slyudkin, D. A. Skorobogatykh, Zh. Neorgan.
Khim. 2003, 48, 433.

L. E. Erickson, J. W. McDonald, J. K. Howie, R.P.
Clow, J. Am. Chem. Soc. 1968, 90, 6371.

L. E. Erickson, A. J. Dappen, J. C. Uhlenhopp, J. Am.
Chem. Soc. 1969, 91, 2510.

L. E. Erickson, J. E. Sarneski, C.N. Reilley, Inorg.
Chem. 1978, 17, 1701.

L. E. Erickson, M. D. Erickson, B.L. Smith, Inorg.
Chem. 1973, 12, 412.

L. E. Erickson, J. W. Cartmell, N. G. Albrecht, J. Co-
ord. Chem. 1976, 5, 135.

See also: L. F. Krylova, A. V. Golovin, J. Struct. Chem.
2000, 41, 243.

[11]
[12]
(13]
(14]
[15]
[16]

[17]


www.ccdc.cam.ac.uk/data_request/cif
http://dx.doi.org/10.1351/pac198860081357
http://dx.doi.org/10.1016/0010-8545(94)80064-2
http://dx.doi.org/10.1016/0010-8545(94)80064-2
http://dx.doi.org/10.1016/S0010-8545(97)00047-7
http://dx.doi.org/10.1002/cber.19821150621
http://dx.doi.org/10.1002/cber.19821150621
http://dx.doi.org/10.1002/cber.19821150621
http://dx.doi.org/10.1002/cber.19120450156
http://dx.doi.org/10.1002/cber.19120450156
http://dx.doi.org/10.1021/ja01025a022
http://dx.doi.org/10.1021/ja01025a022
http://dx.doi.org/10.1021/ja01038a019
http://dx.doi.org/10.1021/ja01038a019
http://dx.doi.org/10.1021/ic50185a002
http://dx.doi.org/10.1021/ic50185a002
http://dx.doi.org/10.1021/ic50120a035
http://dx.doi.org/10.1021/ic50120a035
http://dx.doi.org/10.1080/00958977608073000
http://dx.doi.org/10.1080/00958977608073000
http://dx.doi.org/10.1007/BF02741589
http://dx.doi.org/10.1007/BF02741589
http://dx.doi.org/10.1007/BF02741589

852

Note

[18]
[19]
[20]
(21]
(22]
(23]
[24]
[25]
[26]
[27]
(28]
[29]
(30]
(31]
(32]

[33]

B. T. Khan, S. V. Kumari, G. N. Goud, J. Coord. Chem.
1982, 12, 19.

B. T. Khan, G. N. Goud, S. V. Kumari, Inorg. Chim.
Acta 1983, 80, 145.

G. S. Chen, J. A. Labinger,
metallics 2009, 28, 4899.

K. E. Sandman, P. Fuhrmann, St. J. Lippard, J. Biol. In-
org. Chem. 1998, 3, 74.

Ch. J. Ziegler, K. E. Sandman, C. H. Liang, St.J. Lip-
pard, J. Biol. Inorg. Chem. 1999, 4, 402.

J. Altman, M. Wilchek, Inorg. Chim. Acta 1985, 101,
171.

J. Altman, M. Wilchek, A. Warshawsky, Inorg. Chim.
Acta 1985, 107, 165.

A.J. Charlson, W. A. Shortland, Inorg. Chim. Acta
1984, 93, 1.67, and refs. therein.

M. J. Clear, J. D. Hoeschele, Bioinorg. Chem. 1973, 3,
187.

L. D. Via, O. Gia, S. M. Magno, A. Dolmella, D. Mar-
ton, V. Di Noto, Inorg. Chim. Acta 2006, 359, 4197.
A. Bino, S.Cohen, J. Altman, M. Wilchek, Inorg.
Chim. Acta 1988, 147, 99.

L. K. Minacheva, O. P. Slyudkin, M. A. Porai-Koshits,
T. S. Khodashova, Koord. Khim. 1982, 8, 557.

J. E. Bercaw, Organo-

D. Steinborn, H. Junicke, F. W.Heinemann, [Inorg.
Chim. Acta 1997, 256, 817.
H. O. Davies, D. A.Brown, A.L Yanovsky, K.B.

Nolan, Inorg. Chim. Acta 1995, 237, 71.

D. Steinborn, O. Gravenhorst, H. Junicke, F. W. Heine-
mann, Z. Naturforsch. 1998, 53b, 581.

I. B. Baranovsky, M. D. Surazhskaya, G. G. Aleksan-
drov, Russ. J. Inorg. Chem. 2009, 54, 381.

[34]

(35]
(36]
[37]

(38]

[39]

[40]

[41]

[42]

[43]

D. Cremer, J. A. Pople, J. Am. Chem. Soc. 1975, 97,
1354.

H. C. Freeman, Adv. Protein Chem. 1967, 22, 257.

H. C. Freeman, M. L. Golomb, Acta Cryst. 1969, B25,
1203.

M. A. A.F. de C.T. Carrondo, D.M.L. Goodgame,
C. R. Hadjioannou, A. D. Skapski, Inorg. Chim. Acta
1980, 46, L32.

A. lakovidis, N. Hadjiliadis, H. Schoéllhorn, U. The-
walt, G. Trotscher, Inorg. Chim. Acta 1989, 164, 221.
Y. Nakabayashi, M. Tashiro, T. Yajima, M. Takani,
A. Tani, T. Motoyama, A. Odani, O. Yamauchi, Inorg.
Chim. Acta 2009, 362, 777.

T. Yajima, G. Maccarone, M. Takani, A. Contino,
G. Arena, R.Takamido, M. Hanaki, Y. Funahashi,
A. Odani, O. Yamauchi, Chem. Eur. J. 2003, 9, 3341.
O. P. Slyudkin, A. A. Tulupov, Russ. J. Coord. Chem.
2005, 31, 78.

A. Altomare, M. C. Burla, M. Camalli, G. L. Cas-
carano, C. Giacovazzo, A. Guagliardi, A.G. G. Mo-
literni, G. Polidori, R. Spagna, SIR97, A New Tool
for Crystal Structure Determination and Refine-
ment: See: A. Altomare, M. C. Burla, M. Camalli,
G. L. Cascarano, C. Giacovazzo, A. Guagliardi,
A. G. G. Moliterni, G. Polidori, R. Spagna, J. Appl.
Crystallogr. 1999, 32, 115.

G. M. Sheldrick, SHELXL-97, Program for the Refine-
ment of Crystal Structures, University of Gottingen,
Géottingen (Germany) 1997. See also: G. M. Sheldrick,
Acta Crystallogr. 2008, A64, 112.


http://dx.doi.org/10.1080/00958978208075837
http://dx.doi.org/10.1080/00958978208075837
http://dx.doi.org/10.1016/S0020-1693(00)91275-1
http://dx.doi.org/10.1016/S0020-1693(00)91275-1
http://dx.doi.org/10.1021/om900267w
http://dx.doi.org/10.1021/om900267w
http://dx.doi.org/10.1007/s007750050209
http://dx.doi.org/10.1007/s007750050209
http://dx.doi.org/10.1007/s007750050326
http://dx.doi.org/10.1007/s007750050326
http://dx.doi.org/10.1016/S0020-1693(00)87651-3
http://dx.doi.org/10.1016/S0020-1693(00)87651-3
http://dx.doi.org/10.1016/S0020-1693(00)80698-2
http://dx.doi.org/10.1016/S0020-1693(00)80698-2
http://dx.doi.org/10.1016/S0020-1693(00)87890-1
http://dx.doi.org/10.1016/S0020-1693(00)87890-1
http://dx.doi.org/10.1016/j.ica.2006.06.038
http://dx.doi.org/10.1016/j.ica.2006.06.038
http://dx.doi.org/10.1016/S0020-1693(00)80636-2
http://dx.doi.org/10.1016/S0020-1693(00)80636-2
http://dx.doi.org/10.1016/S0020-1693(96)05422-9
http://dx.doi.org/10.1016/S0020-1693(96)05422-9
http://dx.doi.org/10.1016/0020-1693(95)04658-V
http://dx.doi.org/10.1016/0020-1693(95)04658-V
http://dx.doi.org/10.1134/S0036023609030085
http://dx.doi.org/10.1134/S0036023609030085
http://dx.doi.org/10.1021/ja00839a011
http://dx.doi.org/10.1021/ja00839a011
http://dx.doi.org/10.1107/S056774086900375X
http://dx.doi.org/10.1107/S056774086900375X
http://dx.doi.org/10.1016/S0020-1693(00)84129-8
http://dx.doi.org/10.1016/S0020-1693(00)84129-8
http://dx.doi.org/10.1016/S0020-1693(00)84129-8
http://dx.doi.org/10.1016/S0020-1693(00)83226-0
http://dx.doi.org/10.1016/S0020-1693(00)83226-0
http://dx.doi.org/10.1016/j.ica.2008.03.054
http://dx.doi.org/10.1016/j.ica.2008.03.054
http://dx.doi.org/10.1016/j.ica.2008.03.054
http://dx.doi.org/10.1002/chem.200304728
http://dx.doi.org/10.1002/chem.200304728
http://dx.doi.org/10.1002/chem.200304728
http://dx.doi.org/10.1107/S0021889898007717
http://dx.doi.org/10.1107/S0021889898007717
http://dx.doi.org/10.1107/S0021889898007717
http://dx.doi.org/10.1107/S0021889898007717
http://dx.doi.org/10.1107/S0021889898007717
http://dx.doi.org/10.1107/S0021889898007717
http://dx.doi.org/10.1107/S0021889898007717
http://dx.doi.org/10.1107/S0021889898007717
http://dx.doi.org/10.1107/S0108767307043930
http://dx.doi.org/10.1107/S0108767307043930
http://dx.doi.org/10.1107/S0108767307043930
http://dx.doi.org/10.1107/S0108767307043930
http://dx.doi.org/10.1107/S0108767307043930
http://dx.doi.org/10.1107/S0108767307043930

	Molecular and Crystal Structure of Potassium-l-alaninato-dichloridoplatinate(II), K[Pt(l-alaO)Cl2]
	1 Introduction
	2 Results and Discussions
	3 Experimental
	3.1 Potassium dichlorido-(L-alaninato)-platinate(II)
	3.2 X-Ray structure determination



