J. Chem. Scj.Vol. 118, No. 6, November 2006, pp. 455-462. © Indian Academy of Sciences.

Stannoxanes and phosphonates: New approaches in organometallic
and transition metal assemblies

VADAPALLI CHANDRASEKHAR*, KANDASAMY GOPAL,
LOGANATHAN NAGARAJAN, PALANI SASIKUMAR and PAKKIRISAMY THILAGAR

Department of Chemistry, Indian Institute of Technology, Kanpur 208 016
e-mail: ve@iitk.ac.in

Abstract. Phosphonate ligands, [REI®, are extremely versatile in the assembly of multi-tin and

multi-copper architectures. We have used organostannoxane cores for supporting multi-ferrocene and
multi-porphyrin peripheries. The copper-metalated multi-porphyrin compound is an excellent reagent for

facile cleavage of DNA, even in the absence of a co-oxidant. ReactiwBul#Q;H, with Cu(CIQy),.

6H,0 in the presence of 2-pyridylpyrazole (2-Pypz) leads to the synthesis of a decanuclear copper (I) as-

sembly.
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1. Introduction presence of phenofs:® We have observed the for-
mation of new hexameric organooxotin clusters,
Organostannoxanes has been attracting considerafp{e-BuSn) (p-X-CgH4-O);0],; (OsPH)}, where
attention in recent years! This is due to several X = H (1); Cl; Br and | (scheme 3).
factors. One, the nature of the organotin oxide/ These clusters contain two tri-tin motifs (two
hydroxide itself has been a matter of considerabfmles), viz., [(-BuSn)(p-X-C¢H,-0):0], which are
interest. Depending on the ‘R’ group, the nature of thimked to each other by tridentate [HR© ligands.
organotin oxide varies considerably (schemé 1). Each of the tri-tin poles is held in place by a bridg-
Two, the reactions of organotin oxides in generahg (us-O) oxide ligand. The entire equator of the
and that ofn-butylstannonic acidp-BuSn(O)OH, in cage is spanned by four phosphonate ligands. It is
particular with protic acids such as carboxylicinteresting to note that the molecular structure of
phosphonic, phosphinic or sulphonic acids has led i®closely related to thiot-ball cage’*° Thefoot-
a wide range of structurally diverse productgall cagealso consists of two tri-tin poles; however,
(scheme 2} the equator of the molecule is made up of a [(FC5§)
This article summarizes some of our recent resnit.’ Further, the tri-tin pole structural motif tfas
earch efforts in this area. We also show how thegell as thefoot-ball cagecan be independently syn-
phosphonate ligand can be used for the preparatipiesized in a reaction involving-BuSn(O)OH and
of multi-metal assemblies, particularly in conjuncPhPO,H/4-CHs-CsHsSOsH (scheme 2§71°

tion with an ancillary ligand. In contrast to the above reaction, whergPg;
provides the tridentate coordination, we have investi-
2. New structural forms in organotin clusters gated the reaction of 9-hydroxy-9-fluorene carboxylic

acid (LH,) with n-BuSn(O)OH in the presence of

The reaction oh-BuSn(O)OH with various types of Phenols (scheme 4).In this case the carboxylic acid
protic acids leads to the formation of diverse typdsH » provides the coordination environment through
of products. These includeube drum O-capped the carboxylate and the geminal C—OH oxygen atoms.
cluster, foot-ball cage etc. (scheme 2). In order to N this reaction, phenol does not react with
check whether by the use of two different types &USN(O)OH; it gets incorporated in the cage structure
reagents we can access new clusters, we investigai@ded. The product {-BuSn(OH)L}BH;OBROH.

the reaction ofn-BuSn(O)OH with HPO, in the CHCIy] (2) is a hexameric organotin cage which
contains three discrete $OH), units. These are

*For correspondence stitched together by six tridentate dianionic ligands
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Scheme 1. Organotin oxides and hydroxides.

(L). The carboxylate group bridges two adjacerdnd vary its periphery. This strategy would allow the
centres (scheme 5; A). preparation of stannoxanes decorated with varying
The arrangement of the six tin atoms in the moldunctionalities. To test this idea we reacted
cular structure of leads to a prismane type of arrangeBuSn(O)OH with ferrocene carboxylic acid (FCE&D
ment where the short edges of the prism are bridgéd = ferrocenyl) in 66 ratio to afford quantitatively
by p-OH ligands (scheme 5; B). Compouarganizes a hexa-ferrocene assembly-BuSn(O)OCFd (3)
itself in a supramolecular structure through several quantitative yields (scheme ).
cumulative hydrogen-bonding interactions that occur The hexa-ferrocene assemli3\ycontains a central
between the organooxotin cage and guest phenol &8O core @rum) and is surrounded by six ferro-
water molecules. This leads to a columnar netwodene carboxylates. Each ferrocene carboxylate binds
which encapsulates alternately phenol/water amd a bidentate manner and bridges two adjacent tin
chloroform molecules in alternating hydrophobic andentres. Remarkably, the hexa-ferrocene derivé@ive

hydrophilic channels! is quite stable, both thermally as well as electro-
chemically. All the six ferrocenes are equivalent and
3. OrganOStannoxaneS as Supports for are oxidized at the same pOtentiaD(}Z V vs SCE)

multi-ferrocene and multi-porphyrin assemblies  (figure 1). _
Further, even after ten electrochemical cycles the

Although the reaction of organotin oxides/hydrohexa-ferrocene derivative does not decompose in
xides with protic acids leads to various products, trelution. In order to understand if a modulation of
current understanding of these reactions allowsthe number of ferrocene units is possible, we have
predictable assembly. It was of interest to us to ashanged the organotin oxide starting material. Ac-
certain whether by choosing a specific reaction typ®rdingly, the reaction oh-Bu,SnO with FcCGH

we can generate a constant central stannoxane cored4:4 ratio affords a tetra-ferrocene derivative,
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Scheme 2. Monoorganooxotin clusters.

{[ n-Bu,SnOC(O)Fc]O}, (4)* (scheme 7) in dad- tres. This results in a central eight-membered ring
der type of a structure containing a centrab@n (2Sn, 40, 2C) and two terminal four-membered
ring and two terminal S@;C rings. On the other rings (1Sn, 20, 1C). The cyclic voltammetry oh{[
hand, reaction of BBnO with FcCGH in 1:1 and Bu,SnOC(O)Fc]O}, (4) reveals that it does not de-
1:2 molar ratio leads to the formation of a dinucleatompose under the electrochemical conditions and
assembly, {PSN[OC(O)Fc}}, (5)*° that supports shows a single oxidation potential of0®3 V (vs
four ferrocene units (scheme 7). SCE).

Molecular structure of the clustérreveals that  Spurred by the success of the synthesis of the
the ferrocene carboxylates are involved in both cheulti-ferrocene assemblies, we extended this approach
lating and bridging coordination modes to the tin ceme the preparation of multi-porphyrin compounds.



458 Vadapalli Chandrasekhar et al

Some of the important concerns in the multiseveral methods including optical spectroscopy.
porphyrin synthesis include solubility and yields oflhus, it shows the characteristic Q- and S-bands in
the final product. We reasoned that our methodologig UV-Vis spectrum. The free-baskum can be
should afford multi-porphyrin assemblies whereeadily metalated without any decomposition of the
each porphyrin would retain its independent “porstannoxane core. Metalation by (@uis accompanied
phyrinic” character. Accordingly, the reaction ofoy the usual changes in the UV-Vis spectrum, viz., a
H,TTPCOOH withn-BuSn(O)OH afforded a free-basereduction of the number of the peaks and the shift of
drum, [n-BuSn(O)OC(O)TTPH (6) (scheme 8§  the absorption maxima (figure 2). Further the axial
The latter resonates at —482pm in its''°Sn  symmetry of the Cu(ll) ion in this assembly is readily
NMR indicating the formation of the hexamericinferred from its EPR spectrung,(= 201888; g, =
drum The free-basdrum (6) was characterized by 2[0219) (figure 3). It is also possible to obtain the
hexa-metalated porphyridrum by an alternative
synthetic strategy. This involves a prior metalation
3 n-BuSN(O)(OH) + 2H3PO3 + 3 p-X-CeHy-OH of the porphyrin carboxylic acid followed by reaction

Toluene | 104, o with n-BuSn(O)OH (scheme 8).

Reflux, 6h The Cy-porphyrindrum (7) is an extremely effec-
X tive reagent for rapid DNA cleavage even in the
n-Bu 0 ;" n-Bu Q

X =H(1); Cl;Brand |

Scheme 3. Synthesis of double O-capped clusters.

HO, COzH

6 n-BuSN(O)(OH) l 6

LH,
Toluene
Reflux, 6h

Scheme 4. Synthesis of hexanuclear prismane cage Scheme 5. View of the inner core of the ca@e
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absence of any co-oxidalftinterestingly, the free- 4. Phosphonate ligands for multi-metal

base drum (6) itself is completely ineffective. assembly

Mechanistic studies have revealed that the DNA

cleavage action of the Gporphyrindrum involves We have shown above the utility of phosphonate
a possible role for superoxide anion radicals ard@ands for the formation of multi-tin assemblies.
H,O,. Further, this compound is completely inactivdVe have also found that the reaction of appropriate
towards proteins such as lysozymes. ThHusan poten- transition metal precursors such as metal halides and
tially be used for selective removal of nucleic acithetal perchlorates witl-butylphosphonic acid (in

contaminants from cell extracts. the presence of ancillary pyrazole ligands) leads to
the formation multi-metal architectures. Previously
6 RSn(O)(CH) + 6 FcCO,H we have observed the formation of dodecanuclear

copper (Cw),”® trinuclear and hexanuclear zinc

Rz?l'ﬂf”gh -6 H,O clusters® in the reaction of the appropriate metal

salts with t-butylphosphonic acid and 3,5-dimethyl-
pyrazole. Recently, we have found that the reaction
Fc FC R of Cu(CIlQy),6H,0 with 2-pyridylpyrazole (2-PypzH)

R /c’ and t-butylphosphonic acid in a:2:1 stoichiometry
\ O \O in the presence of triethylamine afforded a blue solid
\ BN /O
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Figure 1. Cyclic voltammogram o8. Figure 3. EPR spectrum of.
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Scheme 7. Synthesis of tetra-ferrocene assembliemd>.

n-BuSn(O)(OH)
R O COOH

—» [n-BuSn(O)OC(O)TTPH 5]g
Benzene

Reflux, 6h Free Base Drum

H,TTPCOOH

MCl,

6

50 CuCl,

DMF 20 EtsN
Reflux R= CHs CHCl3-MeOH

Y

n-BuSn(O)(OH)
O COOH

M= NI Pd MTTPCOOH

—» [n-BuSn(O)OC(O)MTTP] ¢
Benzene

Reflux, 6h Metallated Drum

M = Ni, Pd, Cu (7)

Scheme 8. Synthesis of hexa-porphyrin drurisand?.

whose molecular structure revealed it to be
decanuclear Cu(ll) cage, [Gs-OH),(t-BuPG;);
(2-PyPz)(MeOH)],[10MeOH2H,0 (8)*" contain-
ing t-butylphosphonatetBuP&"), 2-pyridylpyra-
zolate (2-PyP? and hydroxide ligands (HQ

t@tion)'® of the individual ligands is also shown

in scheme 9. Magnetic measurements on this com-
plex reveal a complex magnetic behaviour. However,
overall a strong antiferromagnetic exchange inter-
action appears to dominate this deca-copper

(scheme 9). The coordination behaviour (Harris Nassembly.
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Scheme 9. Structure of8 and ligand coordination modes with Harris notation.

5. Conclusion References

We have shown the versatility of the phosphonaté. Chandrasekhar V, Nagendran S and Baskar V 2002

ligands for the synthesis of multi-tin and multi- C[:)oo_rd. %hgméo%f(\)zssl i chemistvWeinheim:
copper assemblies. While the former requires phend W‘}"l‘éﬁ/CH) rganotin chemistryWeinheim:
lates as the co-ligand, the latter requires nitrogenous chandrasekhar V and Gopal K 208ppl. Organo-

ligands such as pyrazoles. The predictable formation met. Chem19 429
of a given type of stannoxane cluster has been coA- Chandrasekhar V, Gopal K, Sasikumar P and Thiru-
veniently utilized for the synthesis of hexa-ferrocene moorthi R2005Coord. Chem. Re\2491745

] ; ; B Chandrasekhar V, Baskar V and Vittal J J 2003
and hexa-porphyrin architectures. In these assembligs Am. Chem. Sod 252392

a cgntral S¢0s core serves to support the functlonal6_ Chandrasekhar V, Baskar V, Gopal K and Vittal J J
periphery. 20050rganometallic24 4926
7. Ribot F, Toledano P, Maquet J and Sanchez C 1995
Inorg. Chem34 6371
Acknowledgements 8. Ribot F, Sanchez C, Willem R, Martins J C and
Biesemans M 199&org. Chem37 911
We are thankful to the Department of Science and. Baron C E, Ribot F and Sanchez C 199®rgano-
Technology, Govt. of India (includingupporting a met. Chem567 137
CCD X-ray facility at IT-Kanpur) and the Councill0. Baron C E, Ribot F, Steunou N, Sanchez C, Fayon F,

of Scientific and Industrial Research (CSIR), New (B)igs;nrg?n”eiaméﬂ'\girggg JC and Willem R 2000
Delhi for financial support. KG, P T, P S and L '\11. Chandrasekhar V, Thilagar P, Bickley J F and Steiner

are also thankful to the CSIR for fellowships. A 2005J. Am. Chem. Sod27 11556



462 Vadapalli Chandrasekhar et al

12. Chandrasekhar V, Nagendran S, Bansal S, KozeelBl Chandrasekhar \Kingsley S, Rhatigan B, Lam M

A and Powell D R 200(Angew. Chem. Int. EAB9
1833

13. Chandrasekhar V, Gopal K, Singh P, Steiner A,
Zacchini S and Bickley J F 200Bhem. Eur. J11 18.

5437

14. Chandrasekhar V, Nagendran S, Azhakar R, Kumar
M R, Srinivasan A, Ray K, Chandrashekar T K,
Madhavaiah C, Verma S, Priyakumar U D and Sastry

G N 2005J. Am. Chem. S0&272410
15. Chandrasekhar V and Kingsley S 2@03tjew. Chem.
Int. Ed.39 2320

and Rheingold A L 200fhorg. Chem41 1030
Chandrasekhar V, Nagarajan L, Gopal K, Baskar V
and Kogerler P 200Balton Trans.3143

Harris notation describes the binding mode as
[X.Y1Y2Ys ... Y], where X is the overall number of
metals bound by the whole ligand and each valogé of
refers to the number of metal atoms attached to the
different donor atoms. See: Coxall R A, Harris S G,
Henderson D K, Parsons S, Tasker P A and
Winpenny R E P 2000. Chem. Soc., Dalton Trans.
2349



