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In recent years, numerous organotin(lV) derivatives have exhibited remarkable cytotoxicity against several types of
cancer. However, the properties of the cyanoxime-containing organotin(IV) complexes are unknown. Previously, it
has been shown that cyanoximes displayed an interesting spectrum of biological activity ranging from growth-regu-
lation to antimicrobial and pesticide detoxification actions. The work presented here attempts to combine the useful
properties of both groups of compounds and investigate the likely antiproliferating activity of the new substances. A
series of 19 organotin(IV) complexes, with nine different cyanoxime ligands, were anaerobically prepared by means
of the heterogeneous metathesis reaction between the respective organotin(IV) halides (Cl, Br) and ML (M = Ag, TI;
L = cyanoximate anion), using an ultrasound in the CH3;CN at room temperature. The compounds were characterized
using spectroscopic methods (UV-visible, IR, *H,°C NMR, 119Sn Masshauer) and X-ray analysis. The crystal structures
of the complexes revealed the formation of two types of tin(IV) cyanoximates: mononuclear five-coordinated compounds
of R4 —,SnLy composition (R = Me, Et, n-Bu, Ph; x = 1, 2; L = cyanoximate anion), and the tetranuclear RgSny-
(OH),0,L, species (R = n-Bu, Ph). The latter complex contains a planar [Sns(OH),0,]>~ core, consisting of three
adjacent rhombs with bridging oxo and hydroxo groups. The tin(IV) atoms are five-coordinated and have distorted
trigonal-pyramidal surrounding. This is the first instance when the organic anions were found to act as monodentate
O-bound planar oxime ligands. All of the compounds were studied in vitro for antiproliferating activity, using human
cervical cancer HeLa and WIDR colon cancer cell lines; cisplatin was used as a positive control substance. The two
dibutyltin(IV) cyanoximates showed cytotoxicity similar and greater to that of cisplatin.

Introduction expanding area in biomedical and inorganic chemistry

The successful application of metal complexes in the "esearch: Cancer is the primary target in the proposed
treatment of numerous human diseases is a vigorouslyreseamh because it is the leading cause of premature deaths

in the world. There are several ways to induce irreparable
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oxygen species, whereas chemotherapy uses chemical subsrganotin(lV) derivatives, which have shown acceptable in
stances that directly interact with DNA. Research has proven vitro cytoxicity and antiproliferative in vivbactivity as new
that the most effective and widely used coordination com- chemotherapy agents. Tin biodistribution and the history of
pounds as anticancer drugs are the DNA nitrogen baseits medical applications, including anticancer activity, is
binding cisplatin, oxalylplatin, nedaplatin and carboplatin, summarized in S1 of Supporting Information. In studied
all of which are metallocomplexes of platinum(*3In spite cytotoxic compounds, the organotin(IV) moiety is bound to
of its high activity, the application of cisplatin and similar a phosphate group of the DNA backbohepntrary to the
compounds has significant disadvantages that include: (1)platinum family of drugs (Scheme 1), and alters the intra-
poor water solubility, (2) severe side effects that are typical cellular phospholipid metabolism of the Golgi apparatus and
of heavy metals toxicity, and (3) the development of drug the endoplasmic reticuluthOrganotin(lV) complexes also
tolerance by the tumor. The last two are the major driving exhibit other attractive properties such as increased water
force behind current research in the field of novel anticancer solubility, lower general toxicity than platinum drutjsetter
agent development. body clearance, fewer side effects, and no emetogenesis.

A substantial investigation of other metals (Ti, Ga, Ge, Most importantly, organotin complexes do not develop the
Pd, Au, Co, and Sn) is underway that may help to avoid, or tumor drug tolerance that is well established for cisplatin
improve, the problems associated with the use of platinum and its analogs. Recent first attempts in developing the
compounds as therapeutic agehiis.vitro screening of new  quantitative structure/activity and the structure/property
coordination compounds, followed by selecting the best relationships for organotin compounds have been reviéwed.
performing anticancer active compounds, is still the best way Some emerging patterns in the area of predicting anticancer
of identifying potential drug candidates. The QSAR prin- (6) (a) Nagy, L. Szorcsik, A Kovacs, Keharm. Hungarica2000 70
ciples? successfully developed for numerous organic and " (2), 53-71. (b) Nath, M.; Pokharia, S.; Yadav, Roord. Chem. Re
identified natural compounds, are not fully applicable for 2001 215 99-149. (c) Gielen, M. Cytotoxic, Mutagenic and
metal complexes because of their unpredictable stability and %Zﬁ_”ﬁ]gﬁﬂ[cngéznxﬁ'ti?Jr'nff‘gu'gSﬂ?gigfgé‘r’_ YHgé?f‘;gg”;’, ron-
kinetics toward ligand substitution reactions. There is, 26, 445-455. (d) De Vos, D.; Willem, R.; Gielen, M.; Van Wingerden,
however, promising and recent success in using different

K. E.; Nooter, K. Metal-Based Drugs1998 5 (4), 179-188. (e)
Pettinari, C.Main Group Met. Chem1999 22 (11), 661-692. (f)
Crowe, A. J. Antitumor activity of tin compounds. Metal Com-

(2) Medicinal Inorganic Chemistry Sessler, J. L., Doctrow, S. R.,
McMurry, J., Lippard, S. J., Eds.; American Chemical Society

Symposium Series 903; American Chemical Society: Washington,

DC, 2005.

(3) (a) Wong, E.; Giandomenico, C. \bthem. Re. 1999 99 (9), 2451.
(b) Alderdeen, R. A.; Hall, M. D.; Hambley, T. WI. Chem. Educ
2006 83 (5), 728-734.

(4) (a) Platinum and Other Coordination Compounds in Cancer Chemo-

therapy; Nikolini, M., Ed.; Martinus-Nijhoff Publishing: Boston, MA,
1988. (b) Kpf-Maier, P.Eur. J. Clin. Pharm 1994 47 (1), 1-16.
(c) Kranz, F.; Shutte, M. TCancer J 1998 11 (4), 176-182.

(5) (a) Martin, Y. C.Quantitatve Drug DesignDekker: New York, 1978.
(b) Quantitative Structure-Actiity Relationships of DrugsTopliss,
G. G, Ed.; Academic Press: New York, 1983.

pounds in Cancer Therapyricker, S. P., Ed.; Chapman & Hall:
London, UK, 1994; 147179.

(7) (a) Li, Q.; Liu, R.-L.; Huang, J.-J.; Yang, Baodeng Xuexiao Huaxue

Xuebao200Q 21 (4), 513-516. (b) Li, Q.; Jin, N.; Yang, P.; Wan, J.;
Wu, W.; Wan, J.Synt. React. Inorg. Met.-Org. Ched997, 27 (6),
811-823. (c) Li, Q.; Yang, P.; Hua, E.; Tian, Q. Coord. Chem
1996 40 (3), 227-236. (d) Casas, J. S.; Castellano, E. E.; Couce, M.
D.; Ellena, J.; Sanchez, A.; Sanchez, J. L.; Sordo, J.; Taboada, C.
Inorg. Chem 2004 43 (6), 1957-1963. (e) Li, Q.; Yang, P.; Wang,

H.; Guo, M.J. Inorg. Biochem1996 64 (3), 181-195.

(8) (a) Arakawa, YBiomed. Res. Trace Eleh993 4 (2), 129-130. (b)

Arakawa, Y.Biomed. Res. Trace Elera00Q 11 (3), 259-286.

(9) Song, X.; Zapata, A.; Eng, @. Organomet. Chen2006 691, 1756~

1760.
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activity based on the R and L groups in thgSRL, moiety

of the diorganotin carboxylates and$hX,L, (L = biden-
tate ligand with O and/or N donor atoms) were recently
described in considerable det#i?Di(n-butyl) compounds
were found to be the most actiV& Therefore, as one

searches for the best performing compound, the selection of

other ligands attached to the dibutyltin(IV) moiety is of great
importance. Some of the organotin(lV) complexes were
found to be even more active in vitro than the conventional
cisplatin®?

Oximes* and cyanoximé$ (Scheme 2), compounds
having the general formula NGC(=N—OH)—R, where R
is an electron-withdrawing group, are known as biologically
active compounds. They have shown pronounced cytotox-
icity, anticance¥® and antimicrobidl activity, to regulate
growth in plants'® to exhibit molluscocide and insecticitfe
activity, and demonstrated detoxifying properties of agri-
cultural pesticide® (Scheme 3). In addition, oximes resemble

(10) (a) Gielen, MAppl. Organomet. Cher2002 16, 481—-494. (b) Bulten,

E. J.; Budding, H. A. British Patent 2077266, 1981. (c) Meinema, H.
A.; Liebregts, A. M. J.; Budding, H. A.; Bulten, E. Rev. Silicon,
Germanium, Tin, Lead Compd985 8, 157. (d) Gielen, M.; El
Khloufi, M.; Biesemans, M.; Willem, RAppl. Organomet. Chem
1993 7, 119-125. (e) Gielen, M.; Biesemans, M.; El Khloufi, A.;
Meunier-Piret, J.; Kayser, F.; Willem, R. Fluorine Chem 1993

64, 279-291. (f) Gielen, M.; El Khloufi, A.; De Vos, D.; Kolker, H.
J.; Schellens, J. H. M.; Willem, RBull. Soc. Chim. Belgl993 102
761-764. (g) Camacho, C. C.; De Vos, D.; Mahieu, R.; Gielen, M.;
Kemmer, M.; Biesemans, M.; Willem, Rain Group Metal Chem
200Q 23 (7), 381-386. (h) Willem, R.; Bouhdid, A.; Mahieu, B.;
Ghys, L.; Biesemans, M.; Tiekink, E. R.; De Vos, D.; Gielen, M.
Organomet. Cheml997 531 (1—2), 151-158.

(11) (a) Lascourreges, J.-F.; Caumette, P.; Donard, O. F.AppI.
Organomet. Chen200Q 14, 98—107. (b) Smith, P. J. IToxicological
Data On Organotin Compoung®ublication #538, International Tin
Research Institute: UK, 1978. (c) Browning, Foxicity of Industrial
Metals,2nd ed.; Butterworths: London, 1969. (d) Ishiwata, H.; Inone,
T.; Yoshira, K.Bull Environ. Contam. Toxicol1986 37, 638. (e)
Schaeppi, U.; Heyman, I. A.; Fleischman, R. W.; Rosenkrantz, H.;
llievski, V.; Phelan, R.; Cooney, D. A.; Davis, R. Doxicol. Appl.
Pharmacol1973 25, 230-241. (f) Milne, D. B.Biochemical Elements
1984 3, 309-318.

(12) (a) De Vos, D.; Willem, R.; Gielen, M.; Van Wingerden, K. E.; Nooter,
K. Metal-Based Drug4998 5 (4), 179-188. (b) Syng-Ai, C.; Basu,
B. T. S.; Chatterjee, AMutat. Res2002 513(1—2), 49-59. (c) Syng-
Ai, Basu, B.; Chatterjee, Al. Erviron. Pathol., Toxic. Oncol2001,

20 (4), 333-342. (d) Gielen, M.; El Khloufi, A.; Biesemans, M.;
Willem, R. Meunier-Piret, JPolyhedron1992 11 (15), 1861-1868.

(e) Kovala-Demertzi, D.; Tauridou, P.; Russo, U.; Gielen,IMrg.
Chim. Actal995 239 (1—2), 177-183. (f) Pettinari, CMain Group
Met. Chem1999 22 (11), 661-692. (g) Boo, P. A,; Caas, J. S.; Couce,
M. D.; Freijanes, E.; Furlani, A.; Scarcia, V.; Sordo, J.; Russo, U.;
Varela, M. Appl. Organomet. Cheni997 11 (12), 963-968.

(13) (a) Cagnoli, M.; Alama, A.; Barbieri, F.; Novelli, F.; Bruzzo, C.;
Sparatore, FAnti-Cancer Drugs1998 9 (7), pp. 603-610. (b)
Kemmer, M.; Gielen, M.; Biesemans, M.; De Vos, D.; Willem, R.
Metal-Based Drugs1998 5 (4), 189-196. (c) Colvin, M. In
Pharmacologic Principles of Cancer Treatmen@habner, B., Ed.;
W. B. Saunders: Philadelphia, PA, 1982.

(14) (a) Sakakibara, H.; Naganawa, H.; Ohno, M.; Maeda, K.; Umezawa,
H. J. Antibiot.1974 27 (11), 897-899. (b) Mongin, F.; Trecourt, F.;
Gervais, B.; Mongin, O.; Queguiner, Q. Org. Chem.2002 67,
3272-3276 (and references therein).

(15) (a) Domasevitch, K. V.; Gerasimchuk, N. Nkr. Khim. Zh.1992
58 (8), 603-607. (b) Gerasimchuk, N. N.; Domasevitch, K. Russ.

J. Inorg. Chem1992 37 (10), 1163-1167. (c) Gerasimchuk, N. N.;
Kuzmann, E.; Buki, A.; Vertes, A.; Nagy, L.; Burger, Korg. Chim.
Acta 1991, 188 (11), 45-50.

(16) (a) Eddings, D.; Barnes, C.; Gerasimchuk, N.; Durham, P.; Do-
masevich, K. V.norg. Chem 2004 43 (13), 3894-3909. (b) Soga,
S.; Neckers, L. M.; Schulte, T. W.; Shiotsu, Y.; Akasaka, K.; Narumi,
H.; Agatsuma, T.; Ikuina, Y.; Murakata, C.; Tamaoki, T.; Akinaga,
S. Cancer Res1999 59, 2931-2938.
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It was interesting to combine the anticancer properties
exhibited by the organotin(IV) compounds with the estab-
lished biological effects of oximes and cyanoximes.

With the exception of one publicatidAthere are, to date,
no systematic studies of organotin cyanoximates. The
primary objective of this work was the synthesis and
characterization of a large group of new tin(IV) cyanoxime
derivatives where only the dibutyltin(IV) complexes are the
focus of the cytotoxicity studies. The choice for the
butyltin(IV) derivatives was based upon previously estab-

(17) (a) Davidson, S. H. 2-Cyano-2-hydroximinoacetamides as Plant
Disease Control Agents. U.S. Patent 3957847, 1978. (b) Skopenko,
V. V.; Palii, G. K.; Gerasimchuk, N. N.; Makats, E. F.; Doma-
shevskaya, O. A.; Rakovskaya, R. V. Nitrosothiocarbamylcyan-
methanide of Potassium or Sodium which Show Antimicrobial
Activity. USSR Patent 1405281, 1988. (c) Palii, G. K.; Skopenko, V.
V.; Gerasimchuk, N. N.; Makats, E. F.; Domashevskaya, O. A.;
Rakovskaya, R. V. Bis-(Nitrosothiocarbamylcyanmethanide) Copper-
(I1y or Nickel(Il) which Exhibit Antimicrobial Activity. USSR Patent
1405282, 1988. (d) Skopenko, V. V.; Palii, G. K.; Gerasimchuk, N.
N.; Domashevskaya, O. A.; Makats, E. F. Di-(Nitrosothiocarbamyl-
cyanmethanide)-di-(pyridine)-copper which Shows Bacteriostatic Ac-
tivity Towards Staphilococcus Aureuand Method of Preparation of
the Complex. USSR Patent 1487422, 1989.

(18) (a) Lin, K. Process for making 2-cyano-2-hydroximino acetamide salts.
U.S. Patent 3919284, 1976. (b) Kuhne, A.; Hubele, A. Method for
the Cultivation of Plants Employing-Cyanohydroximinoacetamide
Derivatives. U.S. Patent 4063921, 1978.

(19) (a) Wang, P.; Wang, R.; Dai, J.; Wu, X.; Xu,Yaoxue Xuebah996
31, 918-924. (b) Wang, P.; Xu, J.; Yin, W.; Wu, R.; Wang, R.
Nongyaol1998 37, 14—15.

(20) (a) Ciba Geigy AG. Srodek Ochrony Roslin Przed Dzialaniem
Agresywnych Chemikalii Rolniczych. Poland Patent 127786, 1985.
(b) Ciba Geigy AG. Mittel zum Schutz von Kulturphflanzen von
Agressiven Herbizidden. Austria Patent 367268, 1982.

(21) Tirapazamine: Radiation sensitizer and chemotherapy anticancer drug
in combination with cisplatin in Phase | and Phase Il clinical trials by
National Cancer Institute, 2005.

(22) Carmustine and Lomustine: Anticancer drugs by Bristol-Myers
Squibb; Physician Desk Reference, 51st Ed., 1997, pp 696, 699.

(23) Mokhir, A. A.; Gerasimchuk, N. N.; Pol'shin, E. V.; Domasevich, K.
V. Russ. J. Inorg. Chenl994 39 (2), 289-293.
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lished®* optimal balance between the cytotoxicity, solubility,

properties, and synthesized a large group of their organo-

and lypophilicity. We selected nine cyanoxime-bearing tin(lV) derivatives. In this article, we report the first results
molecules (Scheme 4), which possessed different degreesf a spectroscopic and structural investigation of the obtained
of hydrophobicity, and a variety of structural and electronic metal complexes and the data from in vitro studies of their

(24) (a) Gielen, M.; Willem, RAnticancer Resl1992 12 (4), 1323-1325.
(b) Boudam, M.; Willem, R.; Biesemans, M.; Mahieu, B.; Meunier-
Piret, J.; Gielen, MMain Group Met. Chem1991 14 (1), 41-56.
(c) Gielen, M.; El Khloufi, A.; Biesemans, M.; Kayser, F.; Willem,
R. Appl. Organomet. Chen1993 7 (3), 201-206. (d) Gielen, M;
De Vos, D.; Meriem, A.; Boliam, M.; El Khloufi, A.; Willem, R.In
Vivo 1993 7 (2), 171-174. (e) Gielen, M.; Willem, RAnticancer
Res.1992 12 (1), 257-268. (f) Zuo, D.-S.; Jiang, T.; Guan, H.-S.;
Qi, X.; Wang, K.-Q.; Shi, ZChin. J. Chem2001, 19 (11), 114}
1145. (g) Casini, A.; Messori, L.; Orioli, P.; Gielen, M.; Kemmer,
M.; Willem, R. J. Inorg. Biochem 2001, 85 (4), 297-300. (h)
Mancilla, T.; Carrillo, L.; Rivera, L. S. Z.; Camacho, C. C.; De Vos,
D.; Kiss, R.; Darro, F.; Mahieu, B.; Tiekink, E. R. T.; Rahier, H.;
Gielen, M.; Kemmer, M.; Biesemans, M.; Willem, Rppl. Orga-
nomet. Chem2001, 15 (7), 593-603.

(25) Meyer, V.Ber. Dtsch. Chem. Ge4873 6, s.1492.

(26) Mokhir, A. A.; Domasevich, K. V.; Dalley, N. K.; Kou, X.;
Gerasimchuk, N. N.; Gerasimchuk, O. korg. Chim. Actal999
284, 85-98.

anticancer activity against the HelLa (cervical cancer) and
WIDR (colon carcinoma) cell lines. These represent cells of
a different morphology and were used in the initial cyto-

(27) The Chemistry of the Nitreand Nitroso-Groups Feuer, H., Ed.; R.
Krieger Publishing Co.: Huntington, NY, 1981; part 1.

(28) Reichardt, CSobents and salent effects in organic chemistrgrd
ed.; Wiley-VCH: New York, 2003.

(29) (a) Zamudio-Rivera, L. S.; George-Tellez, R.; Lopez-Mendoza, G.;
Morales-Pacheco, A.; Flores, E.; Hopfl, H.; Barba, V.; Fernandez, F.;
Cabirol, N.; Beltran, Hinorg. Chem 2005 44 (15), 5370-5378. (b)

Di Nicola, C.; Galindo, A.; Hanna, J. V.; Marchetti, F.; Pettinari, C.;
Pettinari, R.; Rivarola, E.; Skelton, B.; White, A. thorg. Chem
2005 44 (9), 3094-3102. (c) Jing, H.; Edulji, S. K.; Gibbs, J. M.;
Stern, C. L.; Zhou, H.; Nguyen, S. Thorg. Chem.2004 43 (14),
4315-4327.

(30) Domasevitch, K. V.; Gerasimchuk, N. N.; Mokhir, A. laorg. Chem.
200Q 39 (6), 12271237.
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toxicity screening, with the intention of selecting the best metathesis reaction in acetonitrile at ambient conditions
performing compounds for subsequent studies involving a between the respective organotin halides and monovalent
much larger pool of human cancers and the following in vivo silver and thallium (for one complex) salts of the cyanoximes.

experiments using small animals.

Results and Discussion

All nine cyanoxime ligands were obtained in high yield
using a madified nitrosation Mey&réreaction of substituted

Organic Ligands. Four of the nine obtained cyanoximes
existed as a mixture of syn and anti geometrical isomers in
solutions, according to the data éH and 3C NMR
spectroscopy (S4S6, Supporting Information). Thus, the
BC{H} NMR spectra of H(SPCO), H(4PCO), HTLCO, and

acetonitriles with varying reaction conditions depending upon HBTCO demonstrated a double set of signals, indicating the

the activity of the substraté$’°Nineteen new organotin(lV)

presence of the two isomers. There was no interconversion

cyanoximates were synthesized using a high-yield and fastof the isomers observed upon heating drdsselutions of

(31) (a) Longo, GGazz. Chim. Ital1931, 61, 575-583. (b) Chou, Y. M,;
Britton, D. Acta Cryst 1974 B30, 1117-1118. (c) Skopenko, V. V.;
Ponomareva, V. V.; Simonov, Y. A.; Domasevich, K. V.; Dvorkin,
A. A. Russ. J. Inorg. Chen1994 39 (8), 1270-1277.

(32) (a) Gerasimchuk, N. N.; Tchernega, A. N.; Kapshuk, ARAss. J.
Inorg. Chem1993 38(9), 1530-1534. (b) Gerasimchuk, N. N.; Nagy,
L.; Schmidt, H.-G.; Noltemeyer, M.; Bohra, R.; Roesky, H. W&/.
Naturforsch.1992 47b, 1741-1745.

(33) Zhmurko, O. A.; Skopenko, V. V.; Gerasimchuk, N. Dokl. Akad.
Nauk Ukr. RSRL989 B (4), 37-41.

(34) (a) Domasevitch, K. VRuss. J. Gen. Chem997, 67 (12), 1937
1943. (b) Skopenko, V. V.; Lampeka, R. Buss. J. Inorg. Chem
1982 27 (12), 31173119. (c) Kdnler, H.; Seifert, B. ZZ. Anorg.
Allg. Chem 197Q 379(1), 1-8.

(35) Parish, R. V.NMR, NQR EPR and Mmsbauer Spectroscopy in
Inorganic ChemistryEllis Horwood: New York, London, Toronto,
Sydney, Tokyo, Singapore, 1990.

(36) (a) Kaur, A.; Sandhu, G. KJ. Chem. Sci1986 12, 1-17. (b)
Schlemper, E. Olnorg. Chem 1967, 6 (11), 2012-2017.

(37) The Mtssbauer Effect and Its Application in ChemistSiedel, C.
W., Ed.; American Chemical Society Series, Vol. 68, American
Chemical Society: Washington DC, 1967.

(38) Ruddick, J. N. R.; Sams, J. B. Chem. Soc., Dalton Tran4974
470-474.

(39) King, T. J.; Harrison, P. Gl. Chem. Soc., Chem. Comi®72 815.

(40) (a) Goldanskii, V. I.; Gorodinski, G. M.; Karyagin, S. YDokl. AN
USSR, Phizikal962 147 (1), 127-130. (b) Karyagin, S. VDokl.
AN USSR, Phizikal963 148 (5), 1102-1105.

(41) (a) Kayser, F.; Biesemans, M.; Boualam, M.; Tiekink, E. R. T.; El
Khloufi, A.; Meunier-Piret, J.; Bouhdid, A.; Jurkschat, K.; Gielen,
M.; Willem, R. Organometallics1994 13, 1098-1113. (b) Meddour,
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these compounds up to 10G. This is contrary to previously
found thermally induced conversion of the isomers for
cyanoximes containing amides as an R gr&ip.

t

CN CN
R—( % R—(
N—OH /N

anti- HO syn-

With the exception of the pale-yellow H(BTCO), all of the
synthesized cyanoximes are colorless crystalline compounds.
These compounds are soluble in light alcohols, acetone, ether,
acetonitrile, THF, DMF, DMSO, and ethylacetate, but
slightly soluble in toluene and chloroform, and insoluble in
water, benzene, and carbon tetrachloride. The anionic cy-
anoximates in their tetrabutylammonium or alkali metal salts
have a yellow/orange color. The UV-spectra of all of the
studied cyanoxime anions contained characteristic transitions
of the CN-chromophore at220 nm, and a strong — z*
transition of the aromatic region at-280—300 nm
(Figure 1). The visible region contained-n z* transitions

in the NO-chromophoree(= 40—200), and very weak n*

— g* transitiong” (e = 1-5) at~700 nm (Table 1). All of

the obtained and studied cyanoxime anions exhibited a strong
negative solvatochromisii.A detailed description of this
interesting phenomenon is beyond the scope of this article
and will be published separately.

Anionic Cyanoximates as Alkali Metal Salts, Silver(l),
Thallium(l), and Organotin(lV) Derivatives. Numerous
organotin(lV) derivatives were previously prepared using
organotin(lV) halogenides and either protonated organic
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Tin(lV) Cyanoximates

A Table 1. Results of UV-visible? Spectroscopic Studies of the
—2-PCO Cyanoxime Anions (as Alkali Metal or Tetrabutylaamonium Salts) in
1.24 —3-PCO n-Propanol Solutions

—4-PCO

——BTCO
0.9+ — PiCO

bands wavelength, nne,(M~1cm™1)

n—m*
NO-chromophore

407(130)

403(80)
423(90)
427(130)
445(60)
457(85)
430(70)
405(25)

T — 7t
CN group

223(9140)
S

T — a*

311(19 700)

306(11 100)

320(15 700)
339(17 400)
296(15 400)
309(14 200)
292(12 700)
290(20 300)

cyanoxime anion

2PCO
3PCO
4PCO
BTCO™

0.6 231(7000)

219(19 900)
PiCO™ 224(4390)
0.3 BCO- 251(8900)
ECO sh

ACO~ 227(12 000)

Methanol

Absorbance

0.0 - aUV-spectra (196-350 nm range) were recorded in 1 mm cuvettes at
0.5 mM compound concentration; visible spectra (32000 nm range)
were obtained from 5 mM solutions ugira 1 cmecell with all of the
measurements at 298 KShoulders around 210 nm on an intense band of
o — o* transitions in far UV region €190 nm).

T v T r T v T v T v T v ]
200 250 300 350 400 450 500
Wavelength, nm

B ——2-PCO
— 3-PCO
1.04 —4-PCO
—BTCO
——PiCO

thermal decomposition of the product or makes the hydrolysis
of the tin(lV) species possible. The procedures also are
inconvenient, relatively low in yield, and are time-consuming
preparations. Furthermore, complexes obtained in such a way
require purification (recrystallization). In this article, we
introduce a suitable anfdstroom-temperature synthesis of
the organotin(IV) cyanoximates, based on the heterogeneous
metathesis reaction between silver(l) or thallium(l) cyan-
oximates and organotin(IV) halides (bromides or chlorides),
as shown in Scheme 6. The reaction is driven toward the
formation of silver halides, because they are less soluble in
organic solvent compounds than the initial silver(l) cyan-
oximates. Use of the ultrasound bath (Branson, 1510)
significantly improved the most important element for a
heterogeneous reaction conditiethorough mixing-and in
many cases lead to a quantitative preparation of the orga-
notin(1V) cyanoximates. Therefore, silver(l) cyanoximates
were used as key precursors for the latter compounds. AgL
are easily accessible complexes that can be prepared at room
temperature in aqueous solutions from NaL according to the
reactions shown below.

0.54

DMF

Absorbance

0.0

300 400 500 600 700
Wavelength, nm
Figure 1. UV-—visible spectra of anionic cyanoximes.

ligands or their Na-salt§ ¢2°These conventional procedures
required a prolonged anaerobic reflux, which often provokes
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o Vi : A I where L= cyanoxime ligands from Scheme 4).
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lonic sodium, cesium, or tetramethylammonium salts are

HL + MOH — ML(s) + H,O (M = Na", K*, Cs", NMe,") (1)
AgNO,(aq)+ NaL(ag)— AgL(s) + NaNQ,(aq) (2)
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Table 2. Some Properties of the Alkali Metal Salts, Silver(l), and Thallium(l) Cyanoximate Precursors for the Organotin(IV) Complexes

elemental content % calcd, (% found)

compound yield (%) color C H N S
K(PiCO) 75 pale-yellow 43.73 4,72 14.57
(43.89) (4.92) (14.62)
NMe,(BCO) 65 pink 63.14 6.93 16.98
(63.60) (7.16) (16.64)
Na(4PCO) 90 pale-yellow 49.71 2.38 24.85
(49.80) (2.49) (24.67)
Na(TLCO) 85 bright-yellow 38.09 2.13 22.91 16.95
(38.18) (2.24) (22.07) (16.64)
Ag(2PCO) 80 lemon-yellow 33.10 1.59 16.54
(33.81) (1.58) (16.85)
Ag(4PCO) 85 pale-yellow 33.10 1.59 16.54
(32.35) (1.57) (16.19)
TI(3PCOYHO 65 straw-yellow 22.81 1.64 11.40
(22.82) (1.17) (10.88)
Ag(TLCO) 90 yellow 26.30 1.47 15.33 11.70
(26.11) (1.60) (15.24) (11.53)
Ag(BTCO) 95 orange-brown 34.86 1.30 13.55 10.34
(34.88) (1.22) (13.50) (10.03)
Scheme 5 Spectroscopic StudiesVibrational frequencies with the
+NaOPr in n-PIOH, 1, +N; NC R participation of the oxime fragment in the IR spectra of HL,
NC R : T ML (M = K, Rb, Cs; L= cyanoxime residue) and several
+ RO-N=0 (R=CHg, i-Pr), . . :
HO/N organotin compounds were assigned, using the bands’

comparison, in the spectra of tH#\- and'*>N-labeled (50%)

intermediates in the preparation of silver(l) cyanoximates and cOmpounds (Table 4). The data indicated a monodentate
were not isolated in bulk quantities during this research coordination of the oxime ligands to the metal center in
phase. However, small samples of alkali metal and jiMe organotin(lV) complexes via the oxygen atom of the
salts were obtained for spectroscopic studies (primarily IR, >C=N—0 fragment. This is evident from a significantly
UV —visible, and3C NMR) and analytical characterization low-frequency shift of the(N—O) vibration in the IR spectra
(Table 2). As mentioned, the metathesis reaction betweenof the tin(IV) complexes, as compared to the band position
the respective organotin(lV) derivatives and the silver in the spectra of ionic ML where the oxime ligand is
cyanoximates represents a clean, one-step, high-yield procesgoncoordinated*333 The cyano group participated in
that is depicted in Scheme 6. The anhydrous TI(3PCO) additional coordination to the central atom in monomeric
complex was used for the metathesis reaction instead of theR2SnLz (R = Me, n-Bu, Ph; L= ACO~, ECO", 2PCO,
silver salt because the silver(l) complex of this ligand turned 3PCO’, 4PCO’, BCO™, PiCO") complexes. This is reflected
out to be inconveniently light-sensitive. The former com- in the typically high frequency shift of thgC=N) vibration
pound was obtained by reacti@previously used for the  upon coordination, compared to that in the IR spectra of

synthesis of other thallium(l) salts: alkali metal cyanoximates. Therefore, cyanoximes often act
. as anionic bridging groups in these complexes. However,
2H(3PCO)(s)+ TIZCQ(aq)M 2TI(3PCO)(s)+ there is no indication that the CN group participates in the

H,0 + CO\g) (3) coordination to the neighboring metal centers ip the tetra-
nuclear complexes. The IR spectroscopy data evidenced only
Concentration of the organotin(IV) cyanoximate acetoni- monodentate coordination of the anions to the tin(IV) atoms
trile solutions under a vacuum affords microcrystalline or Via oxygen atoms of the oxime group (Table 4).
waxy solids (Scheme 6). Highly concentrated solutions The Miossbauer spectra of the selected mononuclear
(~10 mL) of the complexes were used for growing crystals alkyltin(IV) cyanoximates suggest five-coordinated surround-
for X-ray analysis; two different techniques were applied ing of the central atom in studied complexes, instead of the

for the same purpose (S7). suspected tetrahedral structures (Table 5). In these com-
Scheme 6
solvent
RnSnHaly.ny + (4-n)ML, ———> RySnlLyy) + (4-n)MHaI*
Y RT,+ N,
M = Ag*, TI* L = cyanoxime anion R= n-C4Hg, CgHs, CH3
Hal = CI’, Br Solvent: THF, CH3CN

n =1 (for TLCO", R = CH3); n = 2; n = 3 (for ACO", R = CyHj5)
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Table 3. Composition and Some Properties of the Obtained Organotin(lV) Cyanoximates

elemental content % calc, (% found)

complex yield (%) color mpC C H N Srtor @
MesSn(TLCO) 88 colorless 119 32.76 3.97 12.73 9.72
(33.26) (4.12) (12.51) (9.45)
Et;Sn(ACO) 90 colorless 89 34.02 5.39 13.22 37.33
(34.59) (5.62) (13.17) (37.08)
Me;Sn(ACO) 95 colorless 150 22.15 31.85
(22.48) (31.45)
Me,Sn(ECO) 80 pale-yellow 165 14.04 27.56
(14.21) (27.6®
Me,Sn(PiCO}) 75 colorless 170 12.31 26.11
(12.12) (26.58
BugSny(OH),0,(ACO), 20 colorless 96 37.35 6.43 6.88
(38.03) (6.54) (6.91)
Bu,Sn(ACO)» 85 pale-yellow 114 36.79 4.86 18.39 25.97
(35.62) (4.98) (18.56) (25.3)
Bu,Sn(BCO}) 95 pale-yellow 82-86 53.91 4.87 9.67 20.49
(54.14) (5.02) (9.43) (20.05)
Bu,Sn(BTCO) 82 yellow 110 49.01 411 13.19 10.06
(49.93) (4.85) (12.88) (9.89)
Bu,Sn(ECO) 95 pale-yellow 90 5.48 41.97 10.88 23.04
(42.39) (5.87) (10.41) (22.62)
Bu,Sn(PiCO) 90 pale-yellow 83 49.03 6.73 10.38
(50.20) (6.92) (10.17)
Bu,Sn(2PCQO) 86 colorless 7885 50.31 4.99 16.01
(50.63) (5.14) (15.78)
Bu,Sn(3PCO) 60 colorless 120 50.31 4.99 16.01
(50.47) (5.25) (15.62)
Bu,Sn(4PCO) 72 yellow 110 50.31 4.99 16.04
(50.78) (5.21) (16.15)
PhSn(ACO} 86 colorless 200 16.91 23.89
(16.71) (23.56)
Ph,Sn(PiCO) 80 pale-yellow 158 9.67 20.48
(9.71) (20.36)
PhSn(ECO) 78 pale-yellow 132 10.71 22.75
(10.53) (22.87
PhsSmy(OH),0,(ACO), 90 colorless 99106 49.94 3.36 6.08
(48.99) (3.41) (6.17)
PhsSny(OH),0,(PiCO) 86 pale-yellow 82 50.86 4.13 3.83
(51.17) (4.38) (3.96)

aTin content was determined using gravimetric analysis with Sa©the weigh form? Sulfur content was measured using the combustion method.
¢Beginning of changing color (darkening) and decomposition occurred in a closed capillary tube.

Table 4. Results of IR Spectroscopic Studies of Synthesized alkali metal cyanoximate salts indicated the participation of
Compounds: Selected Listing for lonic Alkali Metal Salts and Covalent the cyano group of the neighboring molecule in coordination
Organotin(lV) Derivatives .

g ™ (Table 4). The Mssbauer spectra of the two studied

assigned bands (crh diphenyltin(IV) cyanoximates contained two doublets that
= —| —| a - a . . .

compound YCEN) v(C=0) v(C=N)® v(N-0)* v(Sn-C) corresponded to the mixture of the five-coordinated and
Cs(ACO) 2223 1685 1380 1290 e ; ; ;
ELSIACO} 2950 1640 1510 1065 555 six-coordinated species e_lt appr_oxm_ately equal amounts
PhSH ACO}, 2237 1680 1528 1062 (Table 5). The ACO and PiCO anions in these complexes
BusSn(OH),0{ACO}, 2220 1682 1525 1065 560 ;
Phon(OHLOAACO}. 2022 1688 1323 106y ¢ ac.ted as a mono_dentate _ (via the oxygen atom of the
Na(PiCO) 2205 1635 1390 1250 oximegroup) and bridging (via the nitrogen atom of the cyano
Me,Sn{ PiCO} 2230 1632 1533 1058 560 i
PhSHPICO} 2232 1630 1530 1055 ¢ group) ligands.
PhSn(OH)0{PICC}, 2209 1640 1534 1052
Na(TLCO) 2220 1530 1210 NC\(R NC._ R
MesSn{ TLCO} 2230 1535 1040 545 L g
Cs(ECO) 2200 1710 1382 1280 o /z R o R
Me;Sn{ECO}, 2236 1720 1490 1070 560 .~
Bu,SnECO}» 2238 1714 1496 1072 563 | _NCTT N0 /o\N/)\CN\ | /NCAN/O\
PhSHECO}» 2235 1712 1500 1071 d Ph—8n{ >

’ Ph Ph ‘ Ph
aVibrations in the oxime fragment assigned us#iy as a label® In 0 o
ionic alkali metal salts assign&das »(CNO) and »(NO). ¢ v(C=N) N N
vibrations in the thiazoline ring! Obscured for observation by other bands. )l\ )l\
R CN R CN

pounds, the values of both QS and IS are in agreement withThe cis position of phenyl groups in the six-coordinateg Ph
the distorted trigonal-bipyramidal structures of coordination Sn(ACO) and PhSn(PiCO) complexes is consistent with
polyhedrons$?® It is interesting to note that the five- the literature values reported for this type of geometry
coordinated structures of these complexes were first sug-(Table 5).

gested after an analysis of their IR spectra. Thus, the 12  The 'H and **C{'H} NMR spectra of synthesized orga-
35 cnttincrease in the’(C=N) vibrational frequencies of  notin(IV) cyanoximates did not show significant changes in
the organotin(lV) derivatives as compared to those of ionic signal positions of the methyh-butyl, or phenyl groups as

Inorganic Chemistry, Vol. 46, No. 18, 2007 7275



Mabher et al.

Table 5. Data of119Sn Massbauer Spectra for Several Synthesized Organotin(lV) Cyanoximates and Related Compounds

coordination number,

compound IS Qs ri Ir2 central atom geometry ref
(all parameters in mm/s)
MesSn 1.20 0 4, tetrahedral 35, 36, 37
PhSn 1.15 0 4, tetrahedral 35, 36, 37
MesSnLt 1.30 3.68 5, normal trig. bipyramid 38
PhsSnL2 1.10 1.94 5, distorted trig. bipyramid 39
MesSn(TLCO) 1.28 2.86 5, distorted trig. bipyramid this work
EtSn(ACO) 1.32 3.70 1.10 1.23 5, distorted trig. bipyramid this work
Me,Sn(ACO) 1.34 3.43 1.11 1.2 5, distorted trig. bipyramid this work
Me,Sn(ECO) 1.53 3.32 1.14 1.29 5 distorted trig. bipyramid this work
Me,Sn(PiCO) 1.33 3.55 1.13 1.2 5, distorted trig. bipyramid this work
PhSn(ACO)» 1.29 3.3t 1.12 1.12 5, distorted trig. bipyramid this work
0.70 1.97 1.55 1.56 6, distorted octahedral
PhSn(PiCO) 1.28 3.08 1.11 1.11 5, distorted trig. bipyramid this work
0.68 1.88 1.60 1.60 6, distorted octahedral
Me;Sn(L3); 0.77 2.02 6, cis-octahedral 36
BuSnCI(L3), 0.85 1.67 6, cis-octahedral 38
BuSn(L3)3 0.70 1.82 7, caped octahedral 38

aModular values; L, acetate anion;4, anion of N-benzoyl-N-phenylhydroxamate: N,O-chelating ligaridahion of 8-hydroxyquinoline: N,O-chelating
ligand.® Asymmetric doublet due to the Goldanskiaryagin effect!® ¢ The relative doublet intensity of the five-coordinate complex is 32%he relative
doublet intensity for the six-coordinate complex is 68%he relative doublet intensity for the five-coordinate complex is 56¥he relative doublet
intensity of the six-coordinate complex is 44%.

compared to those for the initial organotins. This is consistent solvent in the NMR spectroscopic measurements of the
with the retention of the monodentate O-binding mode of organotin(lV) cyanoximates because of their strong tendency
anions to the metal center in solutions. It should be noted to coordinate to the metal center, changing its geometry or
that at room temperature th#&{'H} NMR spectra of many  even substituting coordinated organic molecules in the
of the dibutyltin(IV) cyanoximates in CDgIlexhibited complex.

significant line broadening of signals in both aliphatic and  *°Sn{*H} NMR spectra were recorded for all of the initial
oxime carbon atoms (S8). We associated this phenomenororganotin(lV) halides and several cyanoximates, where their
with the large thermal motion of thebutyl chains and the  solubilities were sufficient for obtaining spectra in a reason-

formation of at least two species (even in Ch&blutions, able time frame (S9S11). The values of'°Sn chemical
S8) that might be engaged in a dynamic complex equilibrium shifts for the organotin(lV) cyanoximates in CQGlere
with solvent participatiod?*? Also, in the 2*C{'H} NMR typical for the diorganotin and triorganotin(lV) compounds

spectra of the synthesized organotin(lVV) cyanoximates we range. Solutions in acetone and acetonitrile showed multiple
were unable to detect #%1Sn—13C coupling becuase of  %Sn resonances (S9, S10), which were attributed to different
an overall relatively low signal-to-noise ratio (S/N 10) species due to solvent coordinatiband possible dynamic
and insufficient spectra quality. This is because of the poor equilibrium between several complexég? Detailed NMR
solubility of the complexes in CDgland acetonels; even studies of the synthesized organotin(lV) cyanoximates in
saturated solutions of many of the obtained compounds solutions were not in the scope of the current investigation
required prolonged acquisitions with the number of repeti- but are planned for a future comprehensive characteriza-
tions routinely exceeding 30,000, which made further detailed tion of most of the cytotoxic compounds identified in this
studies of these compounds rather difficult. Therefore, the work.

use of the Lockhaft empirical correlations between the Conclusions regarding the monodentate coordination of
1J(*°Sn—12C) coupling constants and the-Gn—C angles anions drawn from spectroscopic methods were confirmed
for elucidation of the structure of compounds in solutions during structural investigation of some of the organotin(lV)
was not possible. However, th8%1Sn—13C coupling cyanoximates and are presented below.

constants were measured for the starting organotin(lV)  Structures of the Organotin(IV) Complexes.Formation
halides because their solubility was significantly higher in of the rhombic stannoxane units &, Sn(OH),—as
these solvents (S9). The values of the &h—C anglest products of a partial or complete hydroly$isf different

for those compounds were calculgfédccording to the  complexes-was proposed and later confirmed BYSn
equationd = [1J(*°Sn—13C) + 875]/11.4 (S9). Itis important ~ NMR,% M&ssbauer, and potentiometric studies variety

to mention that the obtaine values are consistent with  of structural motifs, which include these building blocks, are
the angle change due to the solvent coordination in the CD summarized in Table 6. Some structures represent complex
CN solutions. Thus, the €Sn—C angle determined for the  coordination polymers, although the vast majority of the
alkyltin(IV) halides in presumably noncoordinating CRQCI  hydrolysis products are molecular compounds. The estab-
is smaller and close to the expectedl1(® value in lished binding modes of the oxime-bearing ligands in several
tetrahedral complexes (S9). The sameSh—C angle is organotin(lV) compounds are presented in Table 6. Al-
greater in acetonitrilels solutions, which indicates participa- doximes form a variety of interesting polynuclear organotin-
tion of the solvent in coordination to the metal center (S9). (IV) complexestt However, no structural information about
Deuterated DMSO, DMF, and pyridine were not used as a the ketoxime or cyanoxime complexes of tin(IV) existed prior
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Table 6. Structural Types of Products of Hydrolysis of Organotin(IV)

Halogenides that Contain Stannoxane@nRhombs

type

complex

reference

Dimers :

H,0

CI\\ / \/ [_—c
o35 / \ V4 \\CI

R = alkyl

47

1|

Trimers :

L
/ R =alkyl,
n X =OH, OMe, F
\\ L = bidentate chelate
ligand

42

11

Tetramers :

R = alkyl, pheny!

45,48,49

Pentamers :

cl R = alkyl

49

’ o R = n-Butyl,
L = carboxylic acid
R (bidentate binding)

50

\4!

Cubanes :

oxygen atoms of
bis(cyclohexane)
0 phosphoric acid

51

viI

u
\ Bu Double-deckers and
Sn

drums:

cyclopentane carboxylate

(o]
oxygen atoms of six bidentate
residues are not shown
\
B

52,53

to this study. Established coordination modes of oximes in
organotin(lV) complexes are summarized in Table 7. The
first known examples of monodentate O-coordination of the
oxime group to the tin(lV) centers are presented and

discussed in this article.

Molecular structure of (CH 3)3Sn(TLCO). Single crystals
of the trimethyltin(IV) 2-(4-methylthiazolyl) cyanoximate,
suitable for X-ray analysis, were grown in an argon-filled,

Table 7. Crystal Data and Structure Refinement for
(Bu)sSmu(OH)202(ACO)2 (1), (PhpSny(OH).02(ACO),+(CzHs)O (Il'), and
(CHs)SN(TLCO) (Il')

coordination type structural features reference
/
_C\\ Monodentate N-coordination, the oxime group is
N—OH | protonated and the ligand is nearly planar. 41b
Sn
/
_C\\ Bridging coordination via both atoms of the oxime
N—O fragment; the oxime group is deprotonated 41a, 42
/ \ (anionic) and the ligand is not planar.
Sn Sn
/ Sn
—C N Bridging function of the oxygen atom of the
\N—O anionic oxime; the ligand is not planar. 41
Sn
/ Monodentate O-coordination; the oxime group is
_C\\ deprotonated and anion formed is planar.
N—Q This work
Sn

diffusion into the acetonitrile solution of the comple, (
S7). The crystal and refinement data are shown in Table 8;
selected bond distances and angles for the structure of
(CH3)sSn(TLCO) are presented in Table 9. The molecular
structure of this complex is shown in Figure 2, whereas the
packing diagram for the compound is displayed in Figure 3.
The metal complex has a distorted trigonal bipyramidal
structure of the coordination polyhedron (S12) despite the
compound’s stoichiometry. The crystal structure of the
complex indicates an interaction between the tin atom of one
molecule and the nitrogen atom N(3) of the cyano group of
a neighboring molecule below the S€&(8)—C(7)—C(9)
plane (Figure 3). This interaction is also reflected in the IR
spectrum of the complex (Table 4) as the increase in the
v(C=N) vibration frequency of the CN group, as a result of
its coordination. Therefore, the thiazolylcyanoxime anion acts
as the bridge between the tin(IV) atoms in the chains of
complexes in the crystal. The heterocyclic TLClyand is
in the oximeform and adopts a planar trans-anti configura-
tion. The oxime group has geometrical parameters normal
for the monodentate coordinated via the oxygen atom
cyanoxime iong?%54:5

Molecular Structure of Et3Sn(ACO). Single crystals of
this compound were obtained when a small portion
(~0.2 g) of the white solid complex was anaerobically
redissolved in 5 mL of acetonitrile, and carefully overlaid
with 50 mL of anhydrous ether, using methdd(S7).
Unfortunately, the quality of the obtained crystals and the
excessive thermal motion of the ethyl groups precluded an
accurate solution of the structure of this complex, and we
were unable to bring the R factor below 18%. Nevertheless,
the polymeric structural motif of this compound was

closed system in a refrigerator, using a slow ether-vapor established and shown in S13.
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Table 8. Crystal Data and Structure Refinement for (88(OH),O02(ACO); (1), (PhkSm(OH),02(ACO),-2(C:Hs)20 (1), and (CH)sSn(TLCO) (1)

formula GagH7gNOsSny Ce2HeeN6O10SM CgH13N30SSn
M 1221.82 1529.97 329.97
T (K) 220 220 220
Cryst syst monoclinic triclinic monoclinic
space group C2lc P1 P2,
z 4 1 2
a(A) 24.7571(15) 10.0983(4) 8.295(2)
b (A) 22.4751(14) 12.3380(5) 7.3320(10)
c(A) 9.7846(6) 13.4727(6) 11.095(2)
B (deg) 100.22(1) o =91.15(1), 100.12(3)
B =103.77(1),
y = 100.70(1)
V (R3) 5358.0(6) 1598.31(12) 664.3(2)
u(Mo Ka) (cm™?) 1.889 1.604 2.061
Dealca (g €NT73) 1.515 1.590 1.650
Omax (deg) 25.93 27.48 30.02
reflns 14 117 10 137 3260
indep. reflns 5183 6995 3103
indep. reflns> 20(1) 3508 5895 2852
Rint 0.042 0.0134 0.010
params refined 126 370 137
R1, wR2 | > 20(1)] 0.053,0.161 0.032,0.078 0.0263, 0.0724
R1, wR2 (all data) 0.071,0.173 0.040, 0.082 0.0302, 0.0745
max, min peak (ei\3) 1.22,—0.96 1.27-1.06 1.04-0.61
Table 9. Selected Bond Lengths and Valence Angles in Structures of Synthesized Tin(IV) Cyanoximates
MesSn(TLCO) BuSn4(OHYO,(ACO), PhsSny(OH),0,(ACO),
bonds (A) angles (deg) bonds (&) angles (deg) bonds (A) angles (deg)
cyanoxime cyanoxime cyanoxime

C1-N1=1.294(4)
C1-C3= 1.446(5)
C1-C2= 1.454(4)
C3-N3 = 1.130(8)
N1-01= 1.368(5)

N1-C1-C3=121.9(3)
NE-C1-C2 = 120.6(3)
C3-C1-C2=117.5(3)
N3-C3-C1=175(2)

CEN1-0O1=113.0(3)
N1-01-Sn= 107.8(2)

metal center:

Sn-01=2.115(3)

Sn-C7=2.115(11) C9-Sn-01= 94.07(14)

C9-Sn—C7=118.1(7)

Sn-C8=2.129(11) C9-Sn-C8= 117.3(6)

Sn—C9= 2.113(4)

C7#Sn—01= 98.5(4)
C7-Sn-C8=119.3(3)

C1-N1=1.2285(7)
C1-C3=1.433(8)
C1-C2=1.469(8)
C2-02=1.255(6)
C2-N2 = 1.323(7)
C3-N3=1.127(8)
N1-01=1.301(5)

N1C1-C3=122.1(5)
NEC1-C2 = 119.8(5)
C3-C1-C2=118.1(5)
02-C2-C1=119.8(5)
02-C2-N2 = 123.3(5)
N2-C2—-C1= 116.8(5)
N3-C3-C1=178.2(7)

C1-N1-01= 115.6(4)
N1-01-Snl= 111.0(3)

metal centers, Sn1l:

Sn+C10=1.75(2)
Sn+C20=1.83(2)
Snt04=12.013(4)
Snt03= 2.136(4)
Snt01=2.190(4)

04-Sn1-C10= 118.5(7)
04-Sn1-C20= 121.9(7)
04-Sn1-03 = 73.5(15)
04-Sn1-01= 79.10(14)
C16-Sn1-C20= 119.6(10)

CHN1=1.298(4)
C1-C3=1.445(4)
C1-C2=1.489(5)
C2-02=1.229(4)
C2-N2 = 1.320(5)
C3-N3 = 1.143(5)
N1-O1=1.334(3)

N1-C1-C3=122.9(3)
NEC1-C2 = 120.9(3)
C3-C1-C2 = 116.0(3)
02-C2-C1=118.8(3)
02-C2-N2 = 124.1(3)
N2-C2-C1=117.0(3)
N3-C3-C1=176.1(4)
CEN1-01=114.2(3)
N1-0O1-Sni=113.36

metal center, Sni:

Sn+04=2.006(2)
Sn+C10= 2.126(3)
Snt03=2.127(2)
SniC4=2.134(3)
SntO1=2.168(2)

04-Sn1-C10= 117.29(11)
04-Sn1-03 = 74.15(8)
04-Sn1-C4=113.28(11)
04-Sn1-01= 81.65(8)
C16-Sn1-03= 94.45(11)

01-Sn-C8=100.5(4) C16-Snl-O4= 118.5(7)
C20-Sn1-03 = 97.4(8)
C10-Sn1-01 = 96.4(8)
C20-Sn1-01= 93.6(8)
03-Sn1-01=152.27(15) C4Sn1-O1=96.59(11)

metal center, Sn2:

C10-Sn1-C4 = 129.25(13)
C16-Sn1-01 = 94.48(11)
03-Sn1-C4 = 95.14(11)
03-Sn1-01= 155.69(8)

metal center, Sn2:

Sn2-C40= 1.87(2)
Sn2-C30= 1.932(18)
Sn2-04=2.042(4)
Sn2-04=2.117(4)
Sn2-03 = 2.165(4)

04-Sn2-C30= 97.3(5)
04-Sn2-C30= 119.3(6)
04-Sn2-040= 105.0(6)
04-Sn2-040= 121.9(6)
C306-Sn2-C40= 118.5(8)

Sn2-C22=2.116(3)
Sn204= 2.0641(19)
Sn2C16=2.124(3)
Sn203=2.143(2)
Sn204=2.159(2)

04-Sn2-C22= 108.34(11)
04-Sn2-C16= 109.48(10)
04-Sn2-03= 72.67(8)
04-Sn2-04 = 72.60(9)
C22-Sn2-C16= 141.68(12)

C40-Sn2-03 = 93.7(6)
C30-Sn2-03 = 98.9(6)
03-Sn2-04= 72.28(15)
03-Sn2-04= 145.34(15)
04-Sn2-04= 73.06(16)

C22-Sn2-03 = 100.55(11)
C22-Sn2-04 = 92.44(10)
C16:Sn2-03 = 96.27(11)
C16:Sn2-04 = 92.99(10)
03-Sn2-04= 145.19(8)

aGeometries of the thiazolyl and methyl groups are normal and are not showButyl groups in this complex are thermally disordered; only carbon
atoms adjacent to tin(IV) atoms have acceptable paramét@eometry of the phenyl group is normal and not shown.

Molecular Structure of BugSm(OH),0.{ ACO}.. Single whole molecule, including the numbering scheme, is present
crystals of octabutyl-tetra-tin(I\)?-dihydroxoz>-dioxo-bis- in S14. A significant thermal motion (disorder) of thdoutyl
(carbamoylcyanoxime) that were of suitable quality for X-ray groups was observed in this structure. However, the tetra-
analysis were grown in open systeéniS7) in a refrigerator. nuclear metal core and cyanoxime moiety in the structure
Crystal and refinement data for the complex are shown in were firmly resolved. The ACO ligand is in the oxime form
Table 8, and selected bond distances and angles are presentéd the complex and adopts a planar trans-anti configuration.
in Table 9. The molecular structure of the thermally ordered The four tin(IV) atoms form an essentially planar,Sp
complex core is shown in Figure 4, and the figure for the (OH), core in the complex and have significantly distorted
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cé In Vitro Cell Culture Experiments .

General Considerations.One of the problems in the
studies of different organotin(IV) complexes with respect to
biomedical applications is the speciation of compounds in
solution. Thus, organometallic complexes hydrolyze to form
several species in a solution, depending on itsfProducts
of this process at physiological pH7.4 were found to be
R,Sn(OH), RsSn(OH), and RSn(OH{H.O), complexes.
However, a pronounced and well-established difference in
the biological activity between the studied complexes was
attributed, undoubtedly, to the presence of the organic ligand
bonded to the tin(IV) in the active compound. This observa-
tion implied a significant difference in stability and the rate
of hydrolysis for a variety of the obtained and studied
organotin(lV) compounds. Despite the cited difficulties in
the isolation and assignment of cytotoxicity to a particular
organotin(lV) species, they remain an attractive class of
compounds as potential anticancer agents. It should be noted
Figure 2. Molecular structure of SNMETLCO}. An ORTEP representa-  that @ similar example arose when Paul Erchlich’s arsenic-
tion” at 50% thermal ellipsoids probability level; H-atoms are omitted for containing antisyphilitic medicine, salvarsan, turned out to

C4

C5

clarity. be the mixture of two cyclic Asand As compounds, instead
trigonal bipyramidal geometry (Table 6, S14), similar to that of the long-believed noncyclic structut®Despite a dis-
observed for this type of structufgThe distances Sn() crepancy between the actual and erroneously assigned

Sn(2-7) = 3.354 A and Sn(2}Sn(2-7) = 3.342 A in the structures, salvarsan in the pre-penicillin era saved hundreds
three-rhombs core are longer than the—Sm bond of thousands of lives. Some of the organotin(V) compounds

(2.81 A)58 are patentéd®!as drug substances and are currently involved
Molecular Structure of PhgSny(OH),0{ACO}.. Single in various phases of clinical trial826?Therefore, we believe

crystals of octaphenyl-tetra-tin(I\f)2-dihydroxou?-dioxo- that further research for anticancer active dibutyltin(1V)

bis(carbamoylcyanoxime) and §8mn,(OH),0(ACO),, suit- compounds is warranted.

able for X-ray analysis, were grown from a gEN solution Cytotoxicity Results. The cells were counted by tallying

in a manner similar to the abovebutyltin(IV) derivative. the total number of attached cells in each photograph of the

The crystal and refinement data are shown in Table 8, andwells and then tallying the total number of blue stained
selected bond distances and angles for the structure of thenonviable cells in each photograph. Averages of these values
tetranuclear tin complex are presented in Table 9. The were calculated, for comparison purposes, and used in all
molecular structure of this compound is shown in Figure 5, further calculations. The percentage of relative cell loss (%
whereas the geometry of theg®hy(OH),O, core, which RCL) was calculated by subtracting the average of the total
consists of three planar adjacentSprhombs, is shown in  attached cells for each treatment from the average number
S15. No significant thermal motion of atoms in the phenyl of control cells and then dividing by the average number of
groups was observed in the structure of this complex. The control cells. The percentage of nonviable cells (% NVC)
structure of the PISm(OH),O,(ACO), complex was similar ~ was determined by dividing the average number of nonviable
to then-butyl organotin(IV) derivative described above: the cells for each compound by the average of the total number
oxime anion adopts a planar anti-trans configuration and actsof cells for each tested compound. Activity levels were
as a monodentate ligand (Figure 5). Its geometry is normal established to compare the results of the cell viability
for this type of coordinatiof®°¢ The arrangement around analysis. The % RCL and % NVC were added together to
the Sn(1) and Sn(2) atoms represents a distorted trigonalget an overall value of total cell loss (TCL). If the TCL was
bipyramidal structure (Figure 5, S15). The distance betweenless than 10%, an activity assignment ef) was assigned.
Sn(1)-Sn(2) is 3.337 A, which is larger than the covalent If the TCL was between 10 and 25%, a)( activity
Sn—Sn bond?’2 The O-coordination of oxime anions in all  assignment was made. If the TCL was between 25 and 50%,
of the the organotin(lV) cyanoximates reported in this article then an activity of $+) was assigned. If the TCL was
reflects the pronounced oxophylicity of the tin: the enthalpy between 50 and 75% &-(++) activity assignment was made.
of the Sn-O bond is 548 kJ/M and is the larg&samong If the TCL was between 75 and 90%, the scoteHt+)
all of the chemical bonds formed by this metal (S16). was given. If the TCL was greater than 90%, the score of
Because the crystals of both described tetranuclear com-(+++-++) was assigned. Results of the cell culture experi-
pounds, formed in solutions, were exposed to traces of ments are presented in Table 10 and Table 11. Representative

moisture, we believe that complexesIR(OH),0,(ACO);, images of the photographs used in determining these results
represent thermodynamically stable final products of the are presented in Figures 6 and 7.

hydrolysis of the originally obtained ;Bn(ACO} species On the basis of the preliminary screening results, presented
(R = Bu, Ph). in this article, it is evident that the dibutyltin(1V) carbamoyl
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Figure 3. Packing of MeSn{ TLCO} into crystal.A, view of the unit cell along thg direction showing additional coordination of neighboring molecules
to tin(IV) centers and, perpendicular view that displays the planarity of the cyanoxime ligand and-testacking interactions between molecules.

ability of the ACO™ and 4PCO ligands to form unobstructed
H-bonds that may facilitate an intracellular uptake of
complexes.

Future Plans. Further testing of the most active com-
pounds will be conducted using a larger number of different
human cancer cell lines, including the cisplatin resistant cell
line. I1Cso values for BuSn(4PCO) and BySn(ACO) will
be determined in a statistical series of experiments and
reported in a separate publication. The ES mass spectrometric
investigations of solutions of compounds in cell culture media
will reveal their speciation and, possibly, speed of hydrolysis
at physiological pH. Detaile#C, 1*°Sn NMR spectroscopic

Figure 4. Thermally ordered part of the structure of gum(OH),0x- A )
(ACO),, shown geometry of the planar tetranuclear core comprised of three studies of BuSn(4PCO) and BuySn(ACO) will be con-

adjacent rhombs and the inversion center of the molecule. ducted to understand the compounds’ structure in solutions,

and the results of such investigations will be published in

cyanoximate is active against both the HelLa cervical cancery o near future

epithelial cells and the WiDr colon carcinoma cells, receiving
the highest{++++) activity rating against both cell lines.
For the HeLa cell line, the activity of the B&n(ACO)

complex was actually greater than that for cisplatin, which (V) starting materials-MesSnCl, ESnCl (Strem). MeSnB,

only received a{+++) score under the §tudlgd cond.|t|0n5. n-Bu,SnCh, and PBSNBp (Aldrich)—were of good quality accord-

All of the other complexes are relatively inactive against the ing to their'H and3C NMR signatures, and were used without
HelLa cell line in these studies. Against the WiDr cell line, additional purification cis-diamminedichloroplatinum(ll) for cy-

the BupSn(4PCO) compound demonstrated significant activ-  totoxicity studies was obtained from Sigma. All, but one acetonitrile
ity in these tests, receiving a-@-++) score. Because of  (precursor for HTLC®P), were purchased from Aldrich and used
the absence of direct structural information, we speculate as received because they were of acceptable purity. Organic solvents
that the latter complex also has a monodentate O-coordinatecMPloyed in the reactionsith organotins (ether and GBN) were
4-pyridylcyanoxime ligand. The cytotoxicity of BSn- thorosgbghly purified and_dehyd_rated acco_rdlng to standard proced-
4PCO) was slightly lower than that exhibited by cisplatin ures: All of the op_eratlons.WIth organotm(lV) compounds were

( . . . carried out anaerobically using the appropriate Schlenkware. Other
and BuSn(ACO}), both of which had_ activity Ievels_ in the organic solvents were of HPLC grade (Fisher) and were used with-
(+++++) category. No other obtained and studied com- o further purification. TLC on silica gel (with 260 nm indicator)
pound demonstrated comparable activity against the WiDr gjass plates was employed to identify the obtained cyanoximes.

Experimental Section

Reagents and SolventsThe inorganic chemicals and organotin-

cell line. The activity of the two most cytotoxic complexes
Bu,Sn(4PCO) and BuSn(ACO)}—can be attributed to the

7280 Inorganic Chemistry, Vol. 46, No. 18, 2007
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Table 11. Results of In Vitro Testing of the Obtained Monomeric
Butyltin(IV) Cyanoximates on Cervical Cancer HelLa Cell Line

compound % RCE % NVCP activity
control 0 4.18 --
cisplatin 70.9 15.3 ++++
Bu,Sn(ACO) 95.4 100 +H+++
Bu,Sn(BCO) 20.9 3.52 +
Bu,Sn(BTCO) 235 5.69 ++
BuzSn(ECO) 18.2 5.40 +
Bu,Sn(PiCO}) ~0.86 3.87 -
Bu,Sn(2PCO) 15.7 4.30 +
Bu,Sn(3PCO) 28.5 3.84 ++
Bu,Sn(4PCO) 21.7 3.81 ++

aRelative cell lossP Nonviable cells.

acetoneds, DMSO-ds, and CDC} (the TMS as internal reference,

0 ppm) at ambient temperature (S33). The!*Sn{'H} NMR
spectra were recorded using Varian Unity Plus-300 (at 111.85 MHz)
and Bruker ARX-500 (at 186.50 MHz) spectrometers. Sn{gH

in acetoneds was an external standard (S6). Mass spectra of the
organic ligands were obtained using Autospec Q and ZAB
spectrometers (positive FAB, argon) amehitrobenzylic alcohol
(NBA) as the matrix. Thé'®Sn Méssbauer spectra were recorded
at 80 K using a spectrometer, equipped with laser interferometers
and multichannel analyzers, that operated in a constant acceleration
mode. The radioactive source was-&&5n0;, and the isomer shifts
were measured relative to Sp(Table 8).

X-ray Analysis. Crystallographic measurements for (BSiy-
(OH)Zoz(ACO)z and (Phasl’h(oH)zOz(ACO)z'(C2H5)2O (| andll ,
Table 8) were made at 220 K using a Siemens SMART area-
detector diffractometer (Mo  radiation, . = 0.71073 A; empirical
absorption corrections using SADABS)The intensity data for
(CH3)3Sn(TLCO) (Il , Table 8) were collected using a four-circle
Stoe STADI4 diffractometer (absorption correction was based on
psi-scans). The structures were solved by direct methods using the
ether program SHELXS-97° The refinement and all further calculations

Figure 5. Molecular structure of R§Sn(OH),02(ACO),, ether solvate. We.re Cam.ed OUt, using SHELXL-Q’F. The non-H.atomS were
A, side view andB, top view. Hydrogen atoms at the phenyl groups are 'efined anisotropically, using a weighted full-matrix least-squares
omitted for clarity. of F2 (Table 8). The hydrogen atoms were included at idealized

ble 10 s of Cell Stud ¢ svnth § geometries (CH 0.96 A) and then refined as riding, vith(H) =

Table 10. Results of In Vitro Cell Studies of Synthesized Monomeric

Dibutyltin(1V) Cyanoximates on WiDr Colon Carcinoma Cell Line 1.2Ue{C) or 1.5Uqparent atom) for the methyl, C.)H‘ and hH
groups. The absolute structureltf was not determined, and the

compound % RC % NVCP activity racemic twin refinement led to the Flack parameter 0.50(7).
control 0 0.98 - All of the four unique butyl groups in the structurelofvere badly
gspslatlgco 9922-12 55‘? j::ii disordered, and it was not possible to resolve the disordering
BEESEEBCO% 626 182 - scheme. Therefore, the remaining electron density was modeled
Bu,Sn(BTCO) 27.4 34.0 +++ using Squeez®, whereas only the carbon atoms attached to the
BuzSn(ECO} -52.1 30.6 - metal centers were retained and left isotropic. Further details of
Bu;Sn(PiCO} —7.89 6.63 - the X-ray experiment can be found in respective *.cif files
Bu,Sn(2PCO) -1.14 34.5 ++ g Inf . Fi for all of the di d
Bw,SN(3PCO) 517 397 T+ (Supporting nc_;rmatlon). igures for all of the discussed structures
BuSn(4PCO) 20.9 73.2 ++++ were drawn using the ORTEP-3 softwére.

Synthesis of the Cyanoxime LigandsThe cyanoximes, HA-
COfHBCO*HECO2 and HTLCO? were obtained according
a vacuum) capillary tubes in a Thomas Hoover Uni-Melt apparatus, to previously published procedures. The preparation of HBPCO,
without correction (Tables 2 and 3). Elemental analyses on the C, H(2PCO)%® and H(4PCO¥® was achieved in accordance with
H, N, and S contents were performed at Atlantic Microlab literature procedures. The syntheses of HPiCO and H(3PCO) were
(Tables 2 and 3). Several of the organotin cyanoximates were performed by a different route from that previously used for the
analyzed for metal content using gravimetric analysis with SnO synthesis of the above ligands as a result of the low reactivity of
as the weighing for§# (Table 3). U\-~visible spectra for the the respective acetonitril®s(Scheme 5).
anionic cyanoximes (as NBtsalt) were recorded in solutions on The procedure utilized for the preparation of H(3PCO) using
a Varian Bio-100 spectrophotometer, using 1 and 10 mm quartz freshly obtained neat isopropylnitrifeprior to the reaction is
cuvettes in the range of 2600 nm (Table 1). A Nicolet Magna  described below. A similar procedure was applied for the synthesis
550 IR spectrometer was used for recording IR spectra in the rangeof HPICO.
of 600-4000 cnr! (Table 4). A 400 MHz Varian Inova NMR 2-(Oximido)-3-pyridylacetonitrile, H(3PCO). Thinly sliced
spectrometer was used to record #he and 13C{1H} spectra in metallic sodium (0.64 g, 0.028 mol) was dissolved under a flow of

aRelative cell lossP Nonviable cells.
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Figure 7. Photographs of WIiDR cell#\, control; B, with cisplatin added;

Figure 6. Pictures of HeLa cellsA, control, with no compounds added; ~ andC, with Bu;Sn(4PCO; added.

B, with cisplatin added; an€, with Bu;Sn(ACO}) added. . . . . .
propoxide solution under nitrogen. Neat isopropylnitrite (8.87 g;

0.084 mol) was dissolved in 20 mL of 2-propanol and added
dropwise at room temperature to the sodium propoxide/3-pyridy-
lacetonitrile solution within 1 h. The color of the reaction mixture
turned yellow, and the resulting solution was kept overnight at
(71) Noyes, W. AOrganic SynthesesViley & Sons: New York, 1943; 4 °C. The solvent was removed under a vacuum, leading to a thick
Vol. 2, p 108. yellow residue that was dissolved in 50 mL water, and the resulting

nitrogen in 50 mL of 2-propanol at 3 in a 200 mL Erlenmeyer
flask. A solution of 3-pyridyl-acetonitrile (3.31 g, 0.028 mol) in
20 mL of 2-propanol was added dropwise to the above sodium
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solution was acidified to pH-5 with 1 M HCI and saturated with

then with 10 mL of ethanol and 20 mL of ether, and dried over

NaCl. The cyanoxime product was extracted using three portions 48 h in a vacuum desiccator over concentrate8®. The yield

(30, 50, and 75 mL) of diethyl ether, and combined extracts were
dried overnight over N&O,. The solvent was removed, leaving
the H(3PCO) as a white solid that gives one TLC spot. Yield:
2.64 g (64%)R: = 0.75 in EtOAc/hexane= 2:1 mixture; mp 135

°C (dec).!H and3C NMR spectra indicate the mixture of syn (47%)
and anti (53%) isomers (S6). NMR data for dominant anti isomer
only (dmsodg) *H: 6 ~13.3 (s, 1H), 8.97 (m, 1H), 8.72 (m, 1H),
8.14 (m, 1H), 7.55 (m, 1H)}*3C{'H}: & 151.8, 146.9, 133.2 and

of tan-yellow Ag(BTCO) was 92% (0.212 g). Anal. Calcd foyHG-
AgN30S: C, 34.86; H, 1.30; N, 13.55; S, 10.34. Found: C, 34.96;
H, 1.38; N, 13.69; S, 10.11.

Some properties and analytical data for alkali metal, silver(l)
and thallium(l) cyanoximates are summarized in Tables 2 and 3.

Organotin(lV) Cyanoximates. Typical preparation of the or-
ganotin(lV) cyanoximates is provided only for one complex. Some
properties and analytical data for the 19 obtained cyanoxime-based

124.2 - CH carbon atoms, 130.0 (ipso C), 126.4 (oxime), and 109.3 tin(1V) organometallic compounds are shown in Table 3.

(CN). Mass spectrometry, FAB for C;HsN3O, calcd 147.0434;
found 148.0511 (M+ 1). UV—vis (n-C3H;OH; Amay: 254 nm €
= 11 300).

2-(Oximido)-pivaloylacetonitrile, H(PiCO). The synthesis of

2-Cyano-2-isonitrosoacetamido-triethyltin(V), Ets;Sn(ACO).
Triethyltin chloride (0.360 g; 1.50 mM) was dissolved in 10 mL
of degassed CH#CN. The solution formed was slowly added using
a stainless steel cannula to a suspension of 0.330 g (1.50 mM) of

H(PiCO) was analogous to the preparation of HPCO) as describeda solid powdery Ag(ACO) in 15 mL of acetonitrile under intensive
above. The amounts of reagents used were Na (0.66 g, 0.028 mol)stirring. After the addition was completed in a dim light, a Schlenk

in 150 mL ofi-PrOH; pivaloylacetonitrile, NE CH,—C(O)C(CH;)3
(3.51 g, 0.028 mol); isopropylnitrite, ONGC3H; (8.87 g,
0.084 mol). The HPICO product was isolated as a white solid in
73% yield (3.15 g). Mp 174176°C; Ry = 0.72 in 2:1 ethyl acetate/
hexane mobile phase; mp 17476 °C. Anal. Calcd for
C/Hi1N20,: C, 54.54; H, 6.54; N, 18.17. Found: C,54.72; H, 6.77;
N, 18.20."H NMR (dmso¢s): ¢ 1.80 (s, 9H), 15.28 (s, 1HJC-
{1H}: 197.7 (G=0), 131.6 (oxime), 115.9 (CN), 28.2, 26.6 (gH
UV—vis (n-CsH;0H, Amay): 241 (€ = 9880).

Metallocyanoximates.

Alkali metal salts. lonic alkali metal salts of cyanoximes were
used as precursors for the silver(l) complexes that were utilized in
the synthesis of the organotin(lV) cyanoximates. Cs(ACd)s-
(ECO)3 Na(2PCO);? and Cs(BTCOY were obtained according
to published procedures using Nags, CsOH, and C£0;. A
typical synthesis of sodium salts provided for only one compound.

2-(Oximidocyanmethyl)-4-methylthiazole Sodium, Na(TL-
CO). Thinly sliced metallic Na (0.1 g, 4.3 mmol) was dissolved in
8 mL of dry EtOH under M protection. Sodium ethoxide solution
was added dropwise within 5 min, under stirring, to a solution of
HTLCO (0.727 g, 4.3 mmol) in 60 mL of dry ether. The resulting
bright-yellow amorphous precipitate was filtered, washed with ether,
and dried under a vacuum in the desiccator over concentrat&ty,H
within 48 h. Na(TLCO) was obtained in 85% yield (0.722 g). Anal.
Calcd for GH4N3NaOS: C, 38.09; H, 2.13; N, 22.21; S, 16.95%.
Found: C, 38.18; H, 2.24; N, 22.07; S, 16.64.

Monovalent Silver Salts.Silver(l) cyanoximates are key inter-
mediates in the synthesis of the organotin(IV) complexes. Com-
pounds Ag(ACO}:3¢34b Ag(ECO)33 Ag(PiCO)/5 and Ag(BCO}*
were obtained according to the published procedures using AQNO
and ML (M = Nat, K* or Cs'; L = cyanoxime anion). A typical
synthesis of silver(l) salt was shown for only one compound.

2-(Oximido)-2-benzthiazoleacetonitrile Silver(l), Ag(BTCO).
Orange Cs(BTCO) (0.250 g, 0.74 mmol) was dissolved in 15 mL

of water and added dropwise, under intense stirring, to a solution

of AgNOs (0.126 g, 0.074 mol) in 10 mL of water. A thick yellow
precipitate was immediately formed but left stirring for another
25 min. Ag(BTCO) was filtered, washed with 10 mL of water and

flask was placed into a Branson C40 sonicator for 2 min. The
reaction mixture produced a very fine white precipitate of AgCl
and pale-yellow solution. Silver(l) chloride was filtered, and the
obtained clear solution was concentrated under a vacuw8nEt
(ACO) resulting in a white solid in the amount of 0.450 g
(~95% vyield), mp= 89 °C was obtained. Anal. Calcd for
CoH17N30,Sn: C, 34.02; H, 5.39; N, 13.22; Sn, 37.33. Found: C,
34.59; H, 5.62; N, 13.17; Sn, 37.08.

Synthesized organotin(lV) complexes are soluble in dry aceto-
nitrile, DMF, Py, HMPA, THF, and DMSO and in aqueous and
alcohol solutions (with partial hydrolysis), are sparingly soluble in
acetone, chlorohydrocarbons, and are insoluble in,C&id
hydrocarbons.

In Vitro Cytotoxicity Studies. The cyanoxime ligands and their
dibutyltin(IV) derivatives were in vitro tested on WiDr colon cancer
and Hela epithelial cervical cancer cells (obtained from the ATCC)
using developed techniqlfeand cytotoxicity protocol$? The
Trypan Blue exclusion method was used for assessing cell viability.
cis<{Dichlorodiammine)platinum(ll), cisplatin from Sigma, was used
as a cytotoxic positive contrét2Images of the cell cultures were
taken with a digital camera attached to an Olympus BX41
microscope, at 100 magnification, using phase contrast micros-
copy. Two fields of each well were photographed and analyzed
for cell viability and compared to an untreated control and positive
control treatments. Details of the used cytotoxicity protocol are
presented in S17.

SAFETY NOTE! Organotin(IV) halides are relatiely volatile
and toxic and inhalation should bevaided. Special care should
be taken during procedures using thallium compounds because of
their toxicity>”7®and the use of rubber gles during handling is
recommended.

Concluding Remarks

1) A series of nine cyanoximes were synthesized using a
modified high-yield Meyer reaction. The compounds ob-
tained were characterized usiftg, °C NMR, UV—visible,

IR spectroscopy, and mass spectrometry.
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2) A group of 19 new organotin(lV) cyanoximates was examined using different cell lines and then tested in vivo
obtained using fast room-temperature heterogeneous me-on animal models.
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