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It is well-known that the structures of trialkyltin(IV) carboxylates can be either monomeric, polymeric, or cyclooligomeric
in the solid state. In contrast, all dialkyltin(IV) dicarboxylates characterized so far in the solid state have monomeric
or polymeric structures, however, for some cases it has been proposed that their solution-state structure is
cyclooligomeric. In order to generate more information on this subject, dimethyl- and di-n-butyltin(IV) complexes
with phthalic and isophthalic acid have been prepared and analyzed both in solution and in the solid state. The
solid-state structures of the two dialkyltin(IV) phthalates examined herein contain polymeric molecular chains, however,
with supramolecular Sn-+-O" interactions, which result in the generation of cyclooligomeric units. This provides
evidence for the presence of discrete cyclooligomeric structures in solution, which are involved in fast dynamic
exchange equilibria as evidenced by *H, 3C, and °Sn NMR spectroscopy. In the case of the two dialkyltin(IV)
isophthalate complexes studied herein (R = Me, n-Bu), only the di-n-butyltin derivative is soluble and NMR
spectroscopy as well as FAB* spectrometry indicates the formation of cyclic dinuclear, trinuclear, and/or tetranuclear
species in solution, which may be involved also in fast dynamic exchange equilibria. In the solid state, however,
discrete cyclotrinuclear units can be identified, in which the 24-membered macrocyclic cavity is almost completely
planar, having six oxygen atoms directed into its interior and six Sn—n-butyl groups approximately perpendicular to
the molecular plane. The diameter of the cyclic cavity can be described by the transannular O---O distances that
vary from 7.68 to 7.84 A, being large enough for the introduction of linear alkyl groups. This can be demonstrated
by the supramolecular structure of this compound, which contains a new type of bis[2]pseudorotaxane formed
between two molecules through mutual threading via two of the Sn—butyl groups. Such a supramolecular entity
has been unknown so far, since the usual composition of bis[2]pseudorotaxanes is the trimolecular combination of
a macrocyclic ring system with two threads.

1. Introduction chemistry has been developed now for more than 15 years,

) . only a relatively small number of such structures have been
Metal-directed self-assembly of organic ligands and metal reported so far with main group elemeft&s3

ions or organometallic substances to well-defined structures
can be applied for the generation of two different types of (1) For recent reviews see: (a) Linton, B.; Hamilton, A.Chem. Re.

; [ ; i 1997, 97, 1669. (b) Stang, P. Chem. Eur. J1998 4, 19. (c) Caulder,
chemical substances, both being interesting for a wide range D. L.: Raymond, K. NAec, Chem. Red.099 32, 975, (d) Langley.

of possible applications. The first type are compounds with P. J.; Hulliger, JChem. Soc. Re 1999 28, 279. (e) Fujita, MStruct.
discrete molecular structures and frequently a more or less ~ Bonding200Q 96, 177. (f) Saalfrank, R. W.; Uller, E.; Demleitner,

. . . . B.; Bernt, I. Struct. Bonding200Q 96, 149. (g) Swiegers, G. F.;
huge cavity and the second are materials with polymeric Malefetse, T. JChem. Re. 200Q 100, 3483. (h) Holliday, B. J.:

and microporous structures in the solid stafdthough this Mirkin, C. A. Angew. Chem., Int. EQ001, 40, 2022.
(2) For recent reviews see: (a) Zaworotko, MChem. Soc. Re 1994
283. (b) Yaghi, O. M; Li, H.; Davis, C.; Richardson, D.; Groy, T. L.
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Among the most common ligands used for the construction O—Sn bonds. Since these bonds are relatively weak, a

of compounds with polymeric and microporous structures
in the solid state are dicarboxytic® and tricarboxylic acids,
which permit the preparation of neutral complexes with 2-

discrete molecular structure can be expected in solution.
Exceptions are neutfdl and anionié® triorganotin(IV)
complexes of dicarboxylic acids, in which the dicarboxylate

or 3-fold charged metal ions, respectively, if they are reacted is bound through covalent St© bonds or even a bidentate

in a 1:1 stoichiometric ratio. However, until now little is
known with respect to the synthesis of discrete oligomeric
macrocyclic complexes with these ligarftfs.

It is well-known that the solid-state structures of trialkyltin-
(IV) carboxylates can be either mon$-pligo-,** poly-,**
or cyclooligomerict?'3 whereby the oligo- and polymeric
structures are formed through intermolecular—8#-C=

(3) (a) Enemark, E. J.; Stack, T. D. Ragew. Chem., Int. Ed. Endl995
34, 996. (b) Rettig, S. J.; Storr, A.; Trotter, Gan. J. Chem1999
77, 434. (c) Uhl, W.Chem. Soc. Re 200Q 29, 259. (d) Albrecht,
M.; Blau, O.; Rdtele, H.New J. Chem200Q 24, 619. (e) Hpfl, H.
Struct. Bonding2002 103 1 and references cited therein.

(4) For complexes with oxalic acid see: (a) Farrell, R. P.; Hambley, T
W.; Lay, P. A.lnorg. Chem1995 34, 757. (b) Kitagawa, S.; Okubo,
T.; Kawata, S.; Kondo, M.; Katada, M.; Kobayashi, IHorg. Chem.
1995 34, 4790. (c) Decurtins, S.; Gross, M.; Schmalle, H. W.; Ferlay,
S. Inorg. Chem.1998,37, 2443. (d) Clemente-Lep M.; Coronado,
E.; Galm-Mascafs, J.-R.; Gmez-Gar@, C. JChem. Commuri997,
1727. (e) Vaidhyanathan, R.; Natarajan, S.; Rao, C. \Clem. Mater.
2001, 13, 185. (f) Armentano, D.; De Munno, G.; Lloret, F.; Palii, A.
V.; Julve, M. Inorg. Chem.2002 41, 2007.

(5) For complexes with higher aliphatic dicarboxylic acids see: (a)
Michaelides, A.; Kiritsis, V.; Skoulika, S.; Aubry, AAngew. Chem.,
Int. Ed. Engl.1993 32, 1495. (b) Li, J.; Zeng, H.; Chen, J.; Wang,
Q.; Wu, X. Chem. Commuril997, 1213. (c) Livage, C.; Egger, C.;
Féerey, G.Chem. Mater1999 11, 1546. (d) Kiritsis, V.; Michaelides,
A.; Skoulika, S.; Golhen, S.; Ouahab,lbhorg. Chem1998 37, 3407.

(e) Herdadez-Molina, M.; Lorenzo-Luis, P. A; ez, T.; Ruiz-Peez,
C.; Lloret, F.; Julve, MCrystEngComn200Q 31, 1. (f) Livage, C.;
Egger, C.; Feey, G.Chem. Mater2001, 13, 410.

(6) For complexes with aromatic dicarboxylates see: (a) Reineke, T. M;
Eddaoudi, M.; Fehr, M.; Kelley, D.; Yaghi, O. M. Am. Chem. Soc.
1999 121, 1651. (b) Li, H.; Eddaoudi, M.; O’Keeffe, M.; Yaghi, O
M. Nature1999 402, 276. (c) Huang, Z.-L.; Drillon, M.; Masciocchi,
N.; Sironi, A.; Zhao, J.-T.; Rabu, P.; PanissodCRem. Mater200Q
12, 2805. (d) Bourne, S. A.; Lu, J.; Mondal, A.; Moulton, B.;
Zaworotko, M. J.Angew. Chem., Int. E®001, 40, 2111. (e) Seki,
K.; Takamizawa, S.; Mori, WChem. Lett2001, 332.

(@) (a) Yaghi, O. M.; Li, G Li, H.Nature1995 378 703. (b) Gutschke,

S. 0. H; Mollnler M.; Powell A. K.; Winpoenny, R. E. P.; Wood,

P.T. Chem Communl996 823. (c) Yaghl 0. M.; Davis, C. E.; Li,

G.; Li, H. J. Am. Chem. S0d997, 119, 2861. (d) Chiu, S.S.-Y.; Lo,

S. M.-F.; Charmant, J. P. H.; Orpen, A. G.; Williams. I. Science

1999 283 1148. (e) Foreman, M. R. S. J.; Gelbrich, T.; Hursthouse,

M. B.; Plater, M. JInorg. Chem. Commur200Q 3, 234. (f) Livage,

C.; Guillou, N.; Marrot, J.; Feey, G.Chem. Mater2001, 13, 4387.

(9) Lu, J.; Mondal, A.; Moulton, B.; Zaworotko, M. Angew. Chem.,

Int. Ed. 2001, 40, 2113. (h) Sun, D.; Cao, R.; Weng, J.; Hong, M.;

Liang, Y. J. Chem. Soc., Dalton Tran2002 291.

For oligomeric diorganotin(lV) dicarboxylates characterized in solution,

but not in the solid state, see: (a) Rochow, E. G.; Seyferth, D.; Smith,

A. C., Jr.J. Am. Chem. Sod 953 75, 3099. (b) Andrews, T. M.;

Bower, F. A,; LaLiberte, B. R.; Montermoso, J. &.Am. Chem. Soc.

1958 80, 4102. (c) Mulfti, A. S.; Poller, R. CJ. Chem. Soc. @967,

1362. (d) Wengrovius, J. H.; Garbauskas, MOFganometallicsL992

11, 1334.

(9) For macrocyclic dicarboxylates with other metal ions see: (a) Li, M.-
X.; Xie, G.-Y.; Jin, S.-L.; Gu, Y.-D.; Chen, M.-Q.; Liu, J.; Xu, Z.;
You, X.-Z. Polyhedron1996 15, 535. (b) Li, J.; Zeng, H.; Chen, J.;
Wang, Q.; Wu, X.Chem. Commurl997 1213. (c) Uhl, W.; Spies,
T.; Saak, W.Eur. J. Inorg. Chem1998 1661. (d) Cotton, F. A,;
Daniels, L. M.; Lin, C.; Murillo, C. A.J. Am. Chem. S0d999 121,
4538. (e) Bonar-Law, R. P.; McGiig T. D.; Singh, N.; Bickley, J
F.; Steiner, AChem. Commurl999 2457. (f) Bickley, J. F.; Bonar-
Law, R. P.; Femoni, C.; MacLean, E. J.; Steiner, A.; Teat, S.J.
Chem. Soc., Dalton Tran200Q 4025.

(10) For a review see: Holloway, C. E.; Melnik, Nlain Group Met.

Chem.200Q 23, 1.
(11) For a review see: Holloway, C. E.; Melnik, N{lain Group Met.
Chem.200Q 23, 555.
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coordination mode. Because of the interest in the creation
of oligo- and polymeric structures with strong binding
interactions between the repeating units, we became inter-
ested in the structural chemistry of diorganotin(IV) deriva-
tives of dicarboxylic acids, and a literature search shows that
the first complexes of this type have been prepared already
50 years agé**® Since then different diorganotin(lV)
moieties, mainly dimethyl and di-butyltin(IV), have been
combined with the most common dicarboxylic acids, e.g.,
oxalic ' malonic8d succinic® adipic® maleic®¢ phthalicl’

and terephthalic acitl® mostly because of their application
as PVC stabilizef8 as well as catalysts for transesterification
reactions? polyurethane polymerizatiod3and RTV silicone
curing reactiond® A series of diorganotin(IV) derivatives

of dicarboxylic acids have been tested also as antitumor
agentg! However, a conclusive characterization of diorga-
notin(IV) derivatives of dicarboxylic acids with respect to
their structures in the liquid state is not trivial, since they
are frequently insoluble due to their polymeric or oligomeric
nature, and for the case that they are soluble, they are often
involved in dynamic equilibria with fast ligand exchange
reactions’? It has been also proposed that polymeric solid-
state structures may be transformed to cyclooligomeric
solution-state structurésdbut so far, aside from cryoscopit

and osmometrfé¢ molecular weight determinations, conclu-
sive evidence has not been reported. To the best of our
knowledge, until now an X-ray crystallographic characteriza-

(12) See for example: (a) Ng, S. W.; Das, V. G. K,; Pelizzi, G.; Vitali, F.
Heteroat. Chem.199Q 1, 433. (b) Gielen, M.; Khloufi, A. E.;
Biesemans, M.; Kayser, F.; Willem, ROrganometallics1994 13,
2849.

(13) For related diorganotin(IV) monocarboxylates with a cyclooligomeric
structure formed through intermolecular-S@' interactions see: (a)
Lockhart, T. POrganometallicsl988 7, 1438. (b) Meunier-Piret, J.;
Boualam, M.; Willem, R.; Gielen, MMain Group Met. Cheml993
16, 329.

(14) See for example: (a) Schubert, IJ.Organomet. Chenl978 155
285. (b) Glowacki, A.; Huber, F.; Preut, HRRecl. Tra.. Chim. Pays-
Bas 1988 107, 278. (c) Huber, F.; Mundus-Glowacki, B.; Preut, H.
J. Organomet. Chen1989 365 111. (d) Ng, S. W.; Das, V. G. K.
Acta Crystallogr.1993 C49, 754. (e) James, B. D.; Kivlighon, L.
M.; Skelton, B. W.; White, A. HAppl. Organomet. Cheni998 12,

13. (f) Ng, S. W.Acta Crystallogr.1998 C54, 1386.

(15) See for example: (a) Schubert, IJ.Organomet. Chenml978 155
285. (b) Ng, S. W.; Das, V. G. KJ. Organomet. Chen1992 430
139.

(16) O’Hara, M.; Okawara, R.; Nakamura, Bull. Chem. Soc. Jpri965
38, 1379.

(17) (a) Debye, N. W. G.; Fenton, D. E.; Zuckerman, Jl.dJnorg. Nucl.
Chem.1972 34, 357. (b) Narula, S. P.; Sharma, R. K.; Lata, S.; Kapur,
N.; Seth, R Indian J. Chem1983 22A 248. (c) Holecek, J.; Lycka,
A.; Nadvornik, M.; Handlir, K.Collect. Czech. Chem. Commui991,

56, 1908.

(18) Davis, A. G.; Smith, P. J. IComprehensie Organometallic Chem-
istry; Stone, F. G. A., Abel, E. W., Eds.; Pergamon: New York, 1982;
Vol. 2, pp 616-616 and references cited therein.

(19) Evans, C. J.; Karpel,.S. Organomet. Chem. Libf.985 16, 1.

(20) Gross, D. Clnorg. Chem.1989 28, 2355.

(21) Gielen, M.; Boualam, M.; Merieu, A.; Biesemans, M.; Willem, R.
Heteroat. Chem1992 3, 449.

(22) Holecek, J.; Nadvornik, M.; Handlir, K.; Lycka, Al. Organomet.
Chem.1986 315 299.



Dialkyltin(IV) Phthalates and Isophthalates

Chart 1. Molecular Structures of the Compounds Studied in This
Contribution
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tion of the structure of a cyclooligomeric diorganotin(IV)
dicarboxylate has not been publisitéd.

In order to generate more information on this subject, we
prepared dimethyl- and di-butyltin(IV) complexes with
phthalic and isophthalic acid, which according to molecular

have been recorded on a Bruker Vector 22 FT spectrophotometer.
The FAB mass spectrum @b was obtained on JEOL JMS-700
equipment. Elemental analyses have been carried out on Perkin-
Elmer series 1l 2400 and Elementar Vario ELIII instruments.

Preparative Part. Commercial starting materials and solvents
have been used. M8nO has been prepared according to a method
reported in the literaturé.

Preparation of Dimethyltin(IV) Phthalate (1a). Method A.

A mixture of phthalic acid (0.18 g, 1.06 mmol) and dimethyl-
tin(IV) oxide (0.18 g, 1.06 mmol) in toluene/ethanol (5:1) is re-
fluxed for 8 h using a DeanStark trap. After cooling to room
temperature, the solvent mixture is removed under vacuum, ob-
taining 1a as a colorless product, which is washed with hot eth-
anol. Compoundais slightly soluble in DMSO and DME. Yield:
79%. Mp: >300°C.

Method B. To a solution of phthalic acid(0.082 g, 0.49 mmol)
and potassium hydroxide (0.055 g, 0.96 mmol) in 2 mL of water
is added dimethyltin(1V) chloride (0.107 g, 0.49 mmol) in 3 mL of
water, whereupon a white product precipitates, which has been
identified asla. Crystals suitable for X-ray crystallography were

models seem to be the most adequate candidates for thebtained, when more diluted solutions of the starting materials were

formation of cyclooligomeric structures. In the first part of

this contribution we report on the solid-state structures of
dimethyl- and din-butyltin(IV) phthalate, which both contain

a cyclooligomeric unit, thus providing possibly evidence for
the formation of cyclooligomeric structures in solution. In

the second part, our results on the solution- and solid-state

study of din-butyltin(IV) isophthalate are presented, which
forms a new type of trinuclear macrocyclic compound with
a so far unknown supramolecular structure containing

combined without agitation. Yield: 62%. Mp>300 °C.

IR (KBr) ¥max 3093 (w), 3011 (w), 2922 (w), 1722 (w), 1586
(s), 1495 (m), 1449 (w), 1389 (s), 1299 (w), 1267 (w), 1148 (w),
1084 (w), 1033 (w), 867 (w), 803 (m), 762 (m), 711 (m), 657 (w),
587 (w), 549 (w), 485 (m), 449 (w) cm.

1H NMR (400 MHz, DMSOdg, 20°C, TMS): 6 = 0.90 (s, 6H,
CHs, 2sn-n = 45 Hz), 7.45 (m, 2H, H3, H6), 7.57 (m, 2H, H4,
H5) ppm.*C NMR (100 MHz, DMSOdg, 20°C, TMS): 6 = 8.3
(br, CHg), 128.3 (C3, C6), 129.5 (C4, C5), 135.1 (C1, C2), 172.5
(br, C=0) ppm. 11°Sn NMR (149 MHz, DMSOds, 20 °C,

dimolecular bis[2]pseudorotaxane units in the solid state SnMey): & = —203 (br) ppm.

(Chart 1).

2. Experimental Section

Instrumental. NMR studies were carried out with Varian Gemini

200, Varian Inova 400, and JEOL Eclipse 400 instruments. Stand-

ards were TMS (internalH, 2C) and SnMg (external,'1Sn).
Chemical shifts are stated in parts per million; they are positive,

Preparation of Di-n-butyltin(IV) Phthalate (1b). A mixture
of phthalic acid (0.25 g, 1.50 mmol) and dibutyltin(IV) oxide
(0.37 g, 1.50 mmol) in toluene/ethanol (5:1) is refluxed for 8 h
using a Dean Stark trap. After cooling to room temperature, the
solvent mixture is removed under vacuum, obtainitiy as a
colorless product, which is washed with hexane. Crystals suitable
for X-ray crystallography were grown from chloroform and

when the signal is shifted to higher frequencies than the standard.acetonitrile. Yield: 59%. Mp: 223225°C.

COSY, HETCOR, and COLOC experiments have been carried out

in order to assign théH and3C spectra completely. IR spectra

(23) For structural reports on polymeric diorganotin(lV) dicarboxylates aside
from ref 8d see: (a) Lockhart, T. P.; Calabrese, J. C.; Davidson, F.
Organometallicsl987 6, 2479. (b) Chandrasekhar, V.; Day, R. O.;
Holmes, J. M.; Holmes, R. Rnorg. Chem1988 27, 958 (c) Sandhu,

G. K.; Sharma, N.; Tiekink, E. R. T.. Organomet. Cheni989 371,

Cl. (d) Ng, S. W.; Das, V. G. K.; Skelton, B. W.; White, A. B.
Organomet. Chem1989 377, 221. (e) Preut, H.; Huber, FActa
Crystallogr. C199Q 46, 2071. (f) Garbauskas, M. F.; Wengrovius, J.
H. Acta Crystallogr. C1991 47, 1969. (g) Sandhu, G. K.; Hundal,
R.; Tiekink, E. R. T.J. Organomet. Chen1991 412 31. (h) Sandhu,

G. K.; Sharma, N.; Tiekink, E. R. T. Organomet. Cheni991, 403
119. (i) Narula, S. P.; Bharadwaj, S. K.; Sharma, H. K.; Sharda, Y.;
Mairesse, GJ. Organomet. Chenl991, 415 203. (j) Alcock, N.
W.; Culver, J.; Roe, S. MJ. Chem. Soc., Dalton Tran£992 1477.

(k) Gielen, M.; El Khloufi, A.; Biesemans, M.; Willem, RRolyhedron
1992 11, 1861. (I) Harston, P.; Howie, R. A.; Wardell, J. L.; Doidge-
Harrison, S. M. S. V.; Cox, P. Acta Crystallogr. C1992 48, 279.
(m) Narula, S. P.; Bharadwaj, S. K.; Sharda, Y.; Day. R. O.; Howe,
L.; Holmes, R. R.Organometallics1992 11, 2206. (n) Tiekink, E.

R. T. Trends Organomet. Chem994 1, 71 and references cited
therein. (0) Holloway, C. E.; Melnik, MMain Group Met. Chem.
200Q 23, 1 and references cited therein. (p) Baul, T. S. B.; Dhar, S.;
E. R. T. Tiekink,Main Group. Met. Chen001, 24, 293. (q) Yahyi,

A.; Et-touhami, A.; Zidane, |.; Benchat, N.; El-Bali, B.; Bolte, M.
Acta Crystallogr. E2001, 57, m65.

IR (KBr) ¥max 2959 (m), 2929 (m), 2867 (w), 1597 (s), 1494
(w), 1456 (w), 1372 (s), 1297 (w), 1262 (w), 1149 (w), 1082 (w),
862 (m), 794 (w), 760 (m), 713 (m), 685 (m), 660 (w), 593 (w),
492 (m), 456 (m) cmt,

NMR Data in CDCl3. *H NMR (400 MHz, CDC}, 20 °C,
TMS): 6 = 0.79 (t, 6H, H), 1.29 (tq, 4H, H), 1.72 (tt, 4H, HB),
1.91 (t, 4H, Ry), 7.52 (dd, 2H, H4, H5), 7.73 (dd, 2H, H3, H6)
ppm.13C NMR (100 MHz, CDC}, 20°C, TMS): 6 = 13.5 (&),
25.5 (G, Wsp-c = 563 Hz), 26.4 (¢, 3Jsp-c = 102 Hz), 26.9
(CB, 2sn-c = 29 Hz), 129.2 (C3, C6), 130.9 (C4, C5), 132.6 (C1,
C2), 177.5 (C7, C8) ppni1®Sn NMR (149 MHz, CDJJ, SnMe):

0 (—60°C) = —126 (br),6 (20 °C) = —136 (br),6 (60 °C) =
—135 (br,hy, = 40 Hz) ppm.
NMR Data in CDg. *H NMR (400 MHz, GDs, 20°C, TMS):
0 =0.81(t, 6H, ), 1.32 (tq, 4H, H), 1.92 (m, 4H, H), 2.12 (t,
4H, Ha), 6.95 (m, 2H, H4, H5), 7.90 (m, 2H, H3, H6) ppAfC
NMR (100 MHz, GDg, 20°C, TMS): ¢ = 14.1 (&), 26.2 (Qx,
Jsn-c = 567 Hz), 27.1 (@, 3Jsp-c = 98 Hz), 27.8 (@, Zsn-c =
28 Hz), 129.9 (C3, C6), 131.1 (C4, C5), 134.1 (C1, C2), 178.3

(24) Mehring, M.; Schtmann, M.; Paulus, I.; Horn, D.; Jurkschat, K.; Orita,
A.; Otera, J.; Dakternieks, D.; Duthie, A. Organomet. Cheni999
574 176.
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(C7, C8) ppm119Sn NMR (149 MHz, @D, 20°C, SnMa): 6 =
—139 (br) ppm.

NMR Data in DMSO-ds. *H NMR (200 MHz, DMSO#ds, 20
°C, TMS): 0 = 0.88 (t, 6H, H), 1.34 (tq, 4H, H), 1.67 (m, 8H,
Ha), HB), 7.45 (m, 2H, H4, H5), 7.52 (m, 2H, H3, H6) ppAC
NMR (100 MHz, DMSO¢dg, 20 °C, TMS): 6 = 13.8 (br, @),
26.1 (br, Qv), 26.9 (@7, Cy), 127.8 (C3, C6), 129.3 (C4, C5), 134.9
(C1, C2), 172.3 (C7, C8) ppm*®Sn NMR (149 MHz, DMSOds,
20°C, SnMe): 6 = —230 (br) ppm.

Preparation of Dimethyltin(IV) Isophthalate (2a). A mixture
of isophthalic acid (0.25 g, 1.50 mmol) and dimethyltin(IV) oxide
(0.25 g, 1.50 mmol) in toluene/ethanol (5:1) is refluxed for 6 h
using a Deanr Stark trap. After cooling to room temperature, the
solvent mixture is removed under vacuum, obtainig as a
colorless product, which is washed with hot ethanol. Compound
2ais insoluble in all commonly used solvents. Yield: 51%. Mp:
>300°C.

IR (KBr) ¥max 3069 (w), 1694 (m), 1613 (s), 1562 (m), 1368
(s), 1320 (m), 1279 (w), 1160 (w), 1075 (w), 934 (w), 858 (w),
737 (s), 684 (w), 664 (w), 583 (w), 568 (w), 448 (w) thn

Elemental anal. Calcd for @El100,Sn): C, 38.38; H, 3.20.
Found: C, 39.47; H, 3.24.

Preparation of Di-n-butyltin(IV) Isophthalate (2b). A mixture
of isophthalic acid (0.25 g, 1.50 mmol) andmbutyltin(lV) oxide
(0.37 g, 1.50 mmol) in toluene/ethanol (5:1) is refluxed for 6 h
using a DeanStark trap. After cooling to room temperature, the
solvent mixture is removed under vacuum, obtainly as a

Garcia-Zarracino et al.

1.95 (m, 4H, H), 7.66 (t, 1H, H5), 8.67 (d, 2H, H4, H6), 9.77 (br,
s, 1H, H2) ppm.

NMR Data in CsDsN at 110°C. *H NMR (400 MHz, GDsN,
TMS): 6 = 0.81 (t, 6H, H), 1.39 (tq, 4H, H), 1.89 (tt, 4H, HB),
2.03 (t, 4H, Rv), 7.61 (t, 1H, H5), 8.58 (d, 2H, H4, H6), 9.47 (br,
s, 1H, H2) ppm.11%Sn NMR (149 MHz, GD3N, SnMe): 6 =
—238 (br,hy, = 210 Hz) ppm.

Elemental anal. Calcd for &HgeO12.5ms (%): C, 48.40; H, 5.58.
Found: C, 48.38; H, 5.64.

X-ray Crystallography. X-ray diffraction studies were carried
out on a BRUKER-AXS APEX diffractometer with a CCD area
detector fmoke = 0.71073 A, monochromator: graphite). Frames
were collected aff = 100 or 293 K viaw-rotation A/w
0.3) at 10 s per frame (SMAR¥). The measured intensities
were reduced td-2 and corrected for absorption with SADABS
(SAINT-NT?9). Structure solution, refinement, and data output were
carried out with the SHELXTL-NT program packagfeNon-
hydrogen atoms were refined anisotropically. Hydrogen atoms were
placed in geometrically calculated positions using a riding model.
DFIX, DANG, and AFIX 65 instructions have been applied for
the slightly disorderedi-Bu groups and the benzene molecules in
1b and2b, respectively. The molecular structures were created by
the CRYSTALS software packag@?®

Crystallographic data for the structure reported in this paper have
been deposited with the Cambridge Crystallographic Data Centre
as supplementary publication no. CCDC-194420, 199126, 199127.
Copies of the data can be obtained free of charge on application

colorless product, which is washed with hexane. Crystals suitable to CCDC, 12 Union Road, Cambridge CB2 1EZ, U.K. (fak44)-

for X-ray crystallography were grown from benzene. Yield: 50%.
Mp: 326-328°C.

IR (KBr) ¥max 3079 (w), 2960 (m), 2928 (m), 2865 (w), 1615
(m), 1572 (m), 1489 (w), 1459 (w), 1399 (m), 1369 (s), 1271 (w),
1164 (w), 1078 (w), 848 (w), 744 (m), 687 (w), 667 (w), 552(w),
474 (w) cnrl,

MS (FAB"): m/z (%): 1590 (3), 1530.5 (12), 1190.7 (11),
1133.0 (17), 795.0 (18), 399.1 (100).

NMR Data in CgDg. *H NMR (400 MHz, GDs, 20 °C, TMS):

0 =0.79 (t, 6H, K¥), 1.33 (m, 4H, H), 1.82 (m, 8H, Ht, Hp),
7.00 (dt, 1H, H5), 8.44 (dd, 2H, H4, H6), 9.48 (t, 1H, H2) ppm.
13C NMR (100 MHz, GDg, 20 °C, TMS): 0 = 13.9 (@), 26.4
(Cat, Wsn-c = 608 Hz), 27.0 (@, 3Jsn-c = 96 Hz), 27.5 (@, Zsn-c

= 34 Hz), 129.1 (C5), 131.5 (C1, C3), 133.3 (C2), 135.8 (C4, C6)
176.3 (C7, C8) ppmt®Sn NMR (149 MHz, GDg, 20°C, SnMa)

0 = —161 (s,hy, = 33 Hz) ppm.

NMR Data in CDCl3. *H NMR (400 MHz, CDC}, 20 °C,
TMS): 6 = 0.88 (t, 6H, H), 1.41 (tq, 4H, H), 1.72 (m, 4H, i),
1.81 (m, 4H, Hy), 7.61 (t, 1H, H5), 8.35 (dd, 2H, H4, H6), 9.07 (t,
1H, H2) ppm.13C NMR (100 MHz, CDC}, 20 °C, TMS): 6 =
13.7 (®), 26.0 (Qv), 26.6, 26.9 (@, Cy), 128.6 (C5), 130.4 (C1,
C3), 132.6 (C2), 135.4 (C4, C6), 176.3 (C7, C8) ppSn NMR
(149 MHz, CDC}, 20°C, SnMa): 6 = —160 (s,hy, = 14 Hz)
ppm.

NMR Data in CD3C(O)CDs. *H NMR (400 MHz, CB;C(O)-
CDj3, 20°C, TMS): 6 = 0.85 (t, 6H, H), 1.41 (tq, 4H, H), 1.72
(m, 4H, H3), 1.84 (m, 4H, H), 7.71 (t, 1H, H5), 8.37 (dd, 2H,
H4, H6), 8.98 (br, s, 1H, H2) ppm®Sn NMR (149 MHz,
CDsC(O)CD;, 20°C, SnMa): 6 = —172 (br,hy, = 70 Hz) ppm.

NMR Data in CsDsN at —40 °C. *H NMR (400 MHz, GDsN,
20°C, TMS): 6 = 0.51 (t, 6H, H), 1.10 (m, 4H, H), 1.73 (m,
4H, Hp), 1.89 (m, 4H, Hy), 7.69 (t, 1H, H5), 8.70 (d, 2H, H4,
H6), 9.80 (br, s, 1H, H2) ppm.

NMR Data in CsDsN at 20 °C. *H NMR (400 MHz, GDsN,
TMS): 6 = 0.62 (t, 6H, H), 1.20 (tq, 4H, H), 1.77 (m, 4H, i),
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deposit@ccdc.cam.ac.uk; http://www.

3. Results and Discussion

3.1. Characterization of Dimethyl- and Din-butyltin-

(IV) Phthalate. 3.1.1. Preparation and Spectroscopic
Characterization. Compoundsla and 1b have been pre-
pared as reported by reaction of phthalic acid with an
equimolar quantity of the corresponding dialkyltin(IV) oxide
(R = Me for 1a, R = n-Bu for 1b) in a 5:1 solvent mixture

of toluene and ethanéf:3° While the dimethyltin(IV)
complex is only slightly soluble in DMSO and DME, the
di-n-butyltin(1V) derivative can be dissolved in polar and
unpolar solvents, e.g., in benzene, chloroform, ethyl acetate,
acetone, ethanol, and acetonitrile.

Both compounds have been previously studied by elemen-
tal analysis and IR spectroscop¥, furthermore by Mes-
bauer spectroscopy in the caselaf’?and NMR in the case
of 1b.84 17¢ On the basis of these data anisobidentate
coordination modes of the carboxylate groups to the tin center
have been proposed, resulting in a highly distorted 6-coor-
dinate octahedral geometry with the two-Salkyl groups
in trans orientation. The anisobidentate coordination mode

(25) Bruker Analytical X-ray SystemSMART: Bruker Molecular Analysis
Research Tool Version 5.613000.

(26) Bruker Analytical X-ray SystemSAINT+ NT Version 6.042001.

(27) Bruker Analytical X-ray SystemSHELXTL-NT Version 6.1@000.

(28) Watkin, D. J.; Prout, C. K.; Carruthers, J. R.; Betteridge, P. W.; Cooper,
T. I. CRYSTALS, Issue 1Themical Crystallography Laboratory
Oxford, Oxford, 2000.

(29) Watkin, D. J.; Prout, C. K.; Pearce, L. GAMERON; Chemical
Crystallography Laboratory Oxford: Oxford, 1996.

(30) Gielen, M.; Méotte, M.; Atassi, G.; Willem, RTetrahedron1989
45, 1219.
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Table 1. 'H (400 MHz) and%Sn (149 MHz) NMR Spectroscopic
Data (ppm) for Phthalic Acid and Compounds: and 1b, Including
Solvents of Different Coordinative Strength

H3/H6 H4/H5 Hx HB Hy HS 11%n
phthalic aci@  7.70 7.60
(d) (d)
18 7.57 7.45  0.99 —203
(m) (m)  (br) (br)
1b? 7.52 7.45 167 167 1.34 0.88—230
" (m) m - (m (m (g ©O (bn
CDCl; 7.73 7.52 191 172 129 0.79-136
(dd) ~ (dd) () (@ (g © (br)
CeDs 7.90 6.95 212 192 132 0.81-139

(m) (m) ®
aData in DMSO€s. P 2Jg,y = 45 Hz.

(my () ® (b

Table 2. 13C (100 MHz) NMR Spectroscopic Data (ppm) for Phthalic
Acid and Compoundga and 1b

Cl/C2 C3/C6 C4/C5 €0 Co CB Cy Co
phthalic Acidt 132.7 130.6 128.2 168.5
lad 135.1 128.3 1295 1725 8.3
1b? 1349 127.8 129.3 1723 26.1 269 269 13.8
1b
CDCls 132.6 129.2 130.9 177.5 283.526.9% 26.4 13.5
CsDs 134.1 1299 131.1 178.3 26.27.8 27.19 14.1

aData in DMSOds. b lJSrrc = 563 HZ.CZJSWC = 29 Hz.d 3\]5mc =
102 Hz.® Wsn-c = 567 Hz."2gn-c = 28 Hz.93Js,-c = 98 Hz.

of the ligand can be proved by the differences between

tin atoms with Sr-O bonds of various strengths (anisobi-
dentate coordination mode), so that the strength of this type
of bonding can be considered as intermediate between four-
and six-coordinate (4 2 coordinationf? In the presence

of coordinating solvent molecules such as DMSO*%8n
NMR signals are high-field shiftedy = —203 ppm forla
ando = —230 ppm forlb, thus indicating an increase of
the coordination number of the metal center, however,
apparently with a low activation barrier for exchange. The
signals in the'H decoupled'®Sn NMR spectra (149 MHz)

of 1la and 1b are broad and have the form of overlapping
singlets. In order to interpret this phenomenon, the spectra
of the more soluble complekb have been recorded also at
higher and lower temperatures. Although the shift displace-
ments of the'H and''°Sn NMR spectra recorded in CDLI

at 60°C remained practically unchanged in comparison to
the ones recorded at 2C, 6(*1°Sn)= —136 ppm at 20C
and—135 ppm at 60C, the signal shapes narrowed in both
cases. In the case of tHE€Sn NMR spectrum the signal shape
changed from a broad signal of overlapping singlets to one
sharp singlettfi» = 40 Hz), and in the case of thel NMR
spectrum the resolution of the signals was enhanced at higher
temperatures. Consequently &80 °C the resolution of the

IH NMR spectrum is reduced to such a grade that coupling
is not observed anymore. At the same time the signals in
the 13C NMR spectrum are broadened, especially the ones

the symmetric and antisymmetric carboxylate stretches of for the Sn-Ca. and aromatic carbon atoms. Accordingly, the

197 cnt? for 1la and 225 cm? for 1b, respectively:*®

H, BC, and *°Sn spectroscopic data have not been
reported so far for compourich and have been summarized
in Tables 1 and 2 together with the chemical shift displace-
ments of phthalic acid. The already reported NMR signal
shift assignments of complekb have been corroborated
undoubtedly by two-dimensional COSY, HETCOR, and

overlapping singlets constituting tA&®Sn NMR signal are
more separated(= —124.4 t0o—127.9 ppm) and, addition-
ally, a shift displacement of about 10 ppm to lower fields
occurred, which is unusual for a dynamic exchange reaction.
In contrast, in the spectra recorded in benzdgat T = 20

and 70°C both signal shape and shift displacements remained
unchanged. Thus, the NMR data give evidence for (i) an

COLOC experiments and are included in the same tablesoligomeric nature of compoundb in solution, (ii) the

for comparison. ThéH and*3C NMR spectra oflaand1b

occurrence of a fast dynamic ligand and/or solvent exchange

show signals corresponding either to a species with a highly equilibrium in CDCh, and probably (iii) a change of the

symmetric structure or to a fast dynamic exchange equilib-

rium between two or more species with local asymmetry.

coordination number at the tin atoms in CRCGkhen the
temperature is lowered.

The fact that no signals were detected that are characteristic In the literature two independent studies based on cryo-
for the end groups in a polymeric chain permits one to scopic and osmometric molecular weight determinations have
conclude that in solution either oligomeric fragments with a proposed the transformation of the polymeric solid-state

rather high molecular mass or oligomers with a cyclic
structure are presefit.In the *H and*3C NMR spectra the

structure oflb into a mixture of cyclooligomeric molecules
with an average of 2:74.6 n-Bu,Sn(phthalate) units per

most relevant chemical shift differences between the ligand cycle in solutiorf®1’¢ In order to obtain more structural

and the corresponding diorganotin(lV) complexes are ob-

details on this subject, an X-ray crystallographic study has

served for the carbon atoms of the carboxylate groups with been realized for compounds and 1b.

a low-field shift upon coordination oAd = 3.8—4.0 ppm
andA¢d = 9.0-9.8 ppm, depending on whether the spectrum
was recorded in a coordinating (DMSdg) or a noncoordi-
nating solvent (CDG). The®*Sn NMR shifts recorded for
1b in the noncoordinating solvents CDLCH = —136 ppm,
and GDe, 6 = —139 ppm, are comparable to the ones
reported for din-butyltin(IV) dicarboxylates with discrete
molecular structures in solutiod,(*°Sn) ranging from-111

to —195 ppm??3! The fact that this range is typical for a
five-coordinate dir-butyltin(IV) center confirms the asym-

3.1.2. X-ray Crystallographic Study of 1a and 1b.Due
to the low solubility of dimethyltin(IV) phthalate, crystals
suitable for X-ray crystallography could be obtained only
when an aqueous solution of dimethyltin(IV) dichloride was
combined with phthalic acid in the presence of potassium
hydroxide (1:1:2). The IR spectrum of the crystals obtained
through this in situ preparative method is identical to the
one for the complex formed between dimethyltin(IV) oxide
and phthalic acid. Crystals of dHoutyltin(IV) phthalate with
identical unit cells can be grown by slow evaporation of

metric chelate arrangement of the carboxylate groups to thesolutions of chloroform or acetonitrile. The most relevant

Inorganic Chemistry, Vol. 42, No. 12, 2003 3839



Table 3. Crystallographic Datafor Compoundsla, 1b, and2b

la 1 2b
Crystal Data
formula GoH1004Sn Gs2H1408SR CagHee012515*
2CsHs
cryst size (mrd) 0.06x 0.09x 0.33x0.21x 0.11x 0.41x
0.19 0.07 0.48

MW 312.87 794.05 1347.29
space group P2;/c P2i/n P2i/n

Cell Parameters

Garcia-Zarracino et al.

a(h) 9.4966(17) 11.7166(6) 13.5232(16)
b (A) 10.4578(19) 9.8931(5) 26.670(3)
c (é) \ 11.316(2) 29.4262(16) 17.996(2) Figure 1. Repeating fragment in the polymeric solid state structurkeof
a (deg 90 90 90 (asymmetric unit).
S (deg) 96.766(3) 94.2430(10) 103.078(2)
7 (deg) 90 90 90 Table 4. Selected Bond Lengths (A), Bond Angles (deg), and Torsion
V (A3) 1116.0(4) 3401.5 (3) 6322.1(13) Angles (deg) for Compoundka and 1b
z 4 4 4
w (mm-1) 2.280 1514 1.231 compoundlb
Ocaled (g € 3) 1.862 1.551 1.416 compoundla sn1 sn2
Data Collection
- Bond Lengths (A)
g zoim o l2pos Z0lB e, T W
s o 011 s 2.141(3) 2.143(3) 2.110(2)
T15 13 o 34 By Sn-C g.gggﬁ 3.1;154; %.1%154;
; : : .099(5 121(4 131(4
. 1.291(5) 1.288(4) 1.293(4)
no.(%f |)ndep reflns 1974 (0.042) 8584 (0.032) 11130 (0.11) C—Oeoord 1.227(5) 1.241(4) 1.233(4)
int 1.237(5) 1.240(4) 1.237(4)
no. of obsd refirs - 1834 5726 4009 Ceoo—Crn 1.480(6) 1.496(5)  1.491(5)
-orp 1.491(6) 1.500(5) 1.496(5)
Refinement Srr++Ocoord 2.493(3) 2.562(3) 2.515(3)
R 0.033 0.038 0.058 2.585(3) 2.595(3) 2.617(3)
R4 0.072 0.079 0.15% Srr++O'intermol 2.915(3) 2.950(3)
GOF 1.212 1.188 0.799
_ Bond Angles (deg)
Apmin (€ /2_33) —1.04 —0.50 —0.41 Ocov—SMOcoy 82.31(12) 81.5(1) 82.3(1)
Apmax (€ A73) 0.46 2.08 1.25 Ocov—SMOcoora(CiS) 54.33(11) 54.4(1) 54.5(1)
aData collection on a Bruker Apex CCD diffractomet@r= 293 K, 55.97(11) 55.0(1) 55.8(1)
Mo Ka; monochromator: graphité.F, > 40(Fo). R = S(F2 — FA)/ Ocov—Sn—C 100.64(18) 97.9(1) 101.9(1)
SF2 YRy = [YW(Fo? — FAUIW(FA)? 2 € Data collection aff = 100 100.76(17) 97.8(1) 103.1(1)
fw-l = o2F 2 2 - P = (E2 2 1= 100.95(17) 105.2(1) 103.7(1)
K. fw 0%F2 + (0.025(P)2 + 1.0; P = (F2 + 2F2)/3. 9w~
o 2 2 b — 2 N2 hord — 2 2 101.70(18) 100.2(1) 105.2(1)
0%F2 + (0.065P)2 + 0.00P; P = (Fo2 + 2F?)/3.hwl = 6%F2 +
2 - P = 2 2 'coord ™ coord . . .
Ocoord—SM—O'intermol 67.42(11) 65.5(1)

] ] Sn—0-Sn 112.58(11) 114.5(1)
crystallographic data fota and1b have been summarized Sn—0gov—C 99.1(3) 100.9(2) 100.6(2)
in Table 3. Selected bond lengths, bond angles, and torsion oG 52433(3) 5227-62(1) ;838-31(2)
angles are outlined in Table 4. coord 84_2((35 82_6((25 83_352))

The solid-state structures of both compounds contain c-sn-C 150.6(2) 152.5(2) 143.8(2)

infinite polymeric chains with the difference that the asym- Torsion Angles (deg)
metric unit oflais formed by a fragment consisting of one ~ Ocov—C—C—C (syn) —61.2(6) 97.5(4) 114.4(5)
—27.9(6) 23.6(5) —32.7(5)

dialkyltin(IV) moiety and one ligand molecule (Figure 1),
while the asymmetric unit olb contains a fragment with
two metal centers and two dicarboxylates (Figure 2). At first .
sight, in both cases the metal centers are hexacoordinateck
and the coordination environment can be considered either
as skew-trapezoidal bipyramiébr as bicapped tetrahed?al,

the tetrahedron being formed by the covalent-8nand
Sn—0 bonds. The bond angles describing the tetrahedron
vary from 82.31(12) to 150.6(2) for 1la and 81.5(1) to
152.5(2y for 1b, of which the Qoy—Sn—0¢, and C-Sn—C
bond angles are the ones with the largest deviations from
the ideal tetrahedral bond angle (Table 4). Interestingly, the
two C—Sn—C bond angles for Snl and Sn2 in the asym-
metric unit oflb are significantly different from each other,

(31) Wrackmeyer, BAnnu. Rep. NMR Spectrosto85 16, 73.
(32) Tiekink, E. R. T.Appl. Organomet. Cheni99], 5, 1.
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143.8(2) and 152.5(2), indicating that there may be
ntermolecular contacts in the crystal lattice (vide infra).
evertheless, both values are within the range observed for
other diorganotin(lV) dicarboxylates, where values between
130.6 and 151.1 have been measurédiThe trapezoidal
basis of the coordination polyhedron around the tin atoms
is formed by the four oxygen atoms and can be best described
by the Qo—SN—0cov and Qoora—SN—Oco0rg bONd angles,
with values of 81.5(1:}82.3(1f and 165.6(1}169.0(17,
respectively. Due to the anisobidentate coordination mode
of the carboxylate groups to the tin atoms, two groups of
different SO bond lengths are found, one group corre-
sponding to SO bonds of covalent character, 2.126{3)
2.141(3) A forlaand 2.093(2)2.143(3) A forlb, and the
other group corresponding to S© bonds of coordinative
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Figure 2. Repeating fragment in the polymeric solid state structurkbof
(asymmetric unit).

character, 2.493(3)2.585(3) A for 1a and 2.515(3)
2.617(3) A for1b. In related dialkyltin(1V) dicarboxylates
bond lengths of 2.072.15 and 2.452.71 A, respectively,
have been measurédl.

All carboxylate groups in the molecular structureslaf
andlb adopt a nonsymmetrical conformational arrangement
in which they are twisted out of the molecular plane of the
central phthalate aromatic ring, .£-C—C—C(syn) =
—27.9(6y/—61.2(6Y for laand 23.6(5)—32.7(5§/97.5(4}/
114.4(5y for 1b.

The analysis of the supramolecular structure in the crystal
lattice of 1lareveals that neighboring polymeric chains are
aligned in upside-down orientations, being connected be-
tween each other by weak intermolecular-80' interactions
and the formation of SI0, units (Figure 3). In such a way
two-dimensional layers are formed, which are not intercon-
nected between each other, neither through coordinative
bonds nor through hydrogen bridges. In the casélothe
two-dimensional network is reduced to the formation of
polymeric double chains, because only every second tin atom
is participating in intermolecular SnO' interactions, thus

Figure 3. Section of the two-dimensional supramolecular network in the
crystal lattice ofla, showing the intermolecular SRO' interactions and
SnO; units.

interactions is in accordance with the observation of solvent
coordination in solution. However, solid-state structures with
a solvent molecule coordinated to a dialkyltin(IV) dicar-
boxylate seem to be rafé.

Interestingly, in both supramolecular structures a cyclo-
oligomeric structural unit consisting of four phthalate and
six dialkyltin(IV) moieties with a total of fouria) and two
(1b) SO, cyclic units can be identified (Figure 3). The fact
that the tin atoms can be coordinated finally to three carbox-
ylate groups at a time may help to explain the fast ligand
exchange process proposed by Wengrovius and Holecek in
solution84-22Furthermore, the preorganization of the complex
in macrocyclic units in the solid state gives an explication
for the observation of cyclooligomeric structures in solution.

3.2. Characterization of Dimethyl- and Di-n-butyltin-

also explaining the large difference mentioned above between(!V) Isophthalate. 3.2.1. Preparation and Spectroscopic

the two individual C-Sn—C bond angles in the asymmetric
unit of this complex. The intermolecular SO distances
are significantly shorter than the sum of the van der Waals
radii of tin and oxygen (3.68 A), 2.92 A fataand 2.95 A

for 1b. The SnO, units are highly distorted as evidenced
by the difference in the ©-Srr--O' bond angles, 67.4(1)

for 1a and 65.5(1) for 1b, and Sr:-O---Sn bond angles,
112.6(1y for 1a and 114.5(1) for 1b. Considering the
Srr--O' interactions, the coordination environment of all
tin atoms in the case dfa and half of the tin atoms idb

can be described also as distorted bipyramidal-pentagonal:

Such a coordination environment seems to be quite com-
mon, since in at least 5 of the 17 reported crystal struc-
tures of diorganotin(IV) dicarboxylates similar intermolecular
Srr--O' interactions are present, with distances between
2.93 and 3.44 &3 The enhancement of the coordination
number in the solid state through intermolecular -8

Characterization. Compounds2a and 2b have been pre-
pared analogously to compountia and 1b by reaction of
isophthalic acid with an equimolar quantity of the corre-
sponding diorganotin(lV) oxide (R= Me for 2a and R=
n-Bu for 2b). While the resulting colorless comple2a
cannot be dissolved in all commonly used organic solvents,
complex2b is soluble in a series of organic solvents, e.g.,
in benzene, chloroform, acetone, pyridine, and acetonitrile.
The coordination of both carboxylate groups to metal
centers can be deduced from the IR spectr@aind 2b,
since absorptions characteristic only for the ligand are absent,
#(O—H) = 2671 and 2556 cnt, (O—H) = 924 and 937
cm 134 The IR spectra reveal furthermore strong absorptions

(33) Dakternieks, D.; Kuan, F. S.; Tiekink, E. R.Nlain Group Met. Chem.
2001 24, 291.

(34) Hesse, M.; Meier, H.; Zeeh,.BSpektroskopische Methoden in der
organischen ChemijeSeorg Thieme Verlag: Stuttgart, 1987.
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Table 5. 'H (400 MHz) and'%Sn (149 MHz) NMR Spectroscopic
Data (ppm) for Isophthalic Acid and Compourb in Solvents of
Different Coordinative Strength

11950 NMR

solvent H2 H4/H6 H5 (h12 (Hz))
isophthalic acid 8.55 (d) 8.22(d) 7.68(t)
benzeneds 9.48 (t) 8.44 (dd) 7.00 (dt) —161 (33)
chloroformd 9.07 (1) 8.35(dd) 7.61(t) —160 (14)
acetoneds 8.98 (br,s) 8.37(dd) 7.71(t) —172(70)
pyridine-ds (—40°C) 9.90 (br,s) 8.70 7671 c
pyridine-ds (20 °C) 9.77 (br,s) 8.67(d) 7.66(t) c
pyridineds (110°C)  9.47 (br,s) 8.58(d) 7.61(t) —238(210)

aData in DMSO¢. P Signal is covered by one of the signals of pyridine-
ds. ¢ No signal detected.

Table 6. °C (100 MHz) NMR Spectroscopic Data (ppm) for Iso-
phthalic Acid and Compoun@b in Solvents of Different Coordinative
Strength

solvent C1/c3 C2 C4/C6 C5 C7/C8
isophthalic aciél 131.3 130.0 133.3 129.0 166.6
benzeneds 131.5 133.3 135.8 129.1 176.3
chloroformd 130.4 132.6 135.4 128.6 175.9

aData in DMSO¢s.

at v = 1613, 1562, and 1368 crhfor 2a and ¥ = 1615,
1573, 1399, and 1372 crhfor 2b, corresponding to the

Garcia-Zarracino et al.

" cas

Figure 4. Molecular structure of compourth. For clarity the somewhat
disordereds, y, andd carbon atoms of the Stbutyl groups have been
omitted.

chloroformd and acetone@s are almost identical to one
another, but change significantly in pyridide- probably
because of its anisotropic ring current and its stronger

symmetric and antisymmetric carboxylate stretches, wherebycoordinating capacity. Furthermore, the signal of the H2

the meam\v differences of 245 and 246 cry respectively,

hydrogen atom is slightly broadened in the presence of

are typical for an anisobidentate coordination mode to the coordinating solvents, so that a fast exchange reaction of

diorganotin(lV) group-°
As in the case oflaand1b the'H and*3C NMR spectra
of 2b (Tables 5 and 6) indicate a highly symmetric structure

solvent molecules at the exo side of the tin centers can be
proposed. This observation is supported by the high-field
shifted, broad signals at = —172 and—238 ppm in the

or a dynamic exchange equilibrium between several cyclo- 1°Sn NMR spectra recorded in acetothefT = 20 °C) and
oligomeric molecules, since only one set of signals for both pyridine-ds (T = 110 °C), respectively, and the fact that at

the dicarboxylate and the-Bu,Sn moiety is detected and

room temperature no signal could be detected in pyridine-

no signals that are characteristic for the end groups in ads. It should be also noticed that thBH NMR shift

polymeric chain are observed. In contrasitoandl1b, both

displacements in this solvent change significantly between

carboxyl groups of the isophthalate ligand can be in the same—40 and 110°C, especially for the H2 hydrogen atomg
plane as the central aromatic ring, so that the spectroscopic= 0.43 ppm. In contrast, in CD&lhe corresponding changes
data properly give no straightforward evidence for a fast in the temperature interval of60 to 20°C are almost

ligand exchange process in this case.
In benzeneds the H2 hydrogen atom located between the
two carboxyl groups is shifted to lower fields i = 0.93

insignificant (<0.1 ppm for H2).
FAB* mass spectrometry d@b in nitrobenzyl alcohol
interestingly shows peaks for dimeric, trimeric, and tetrameric

ppm in comparison to the uncomplexed ligand, whereas thespecies. The peaks of the trinuclear and tetranuclear ions

H5 hydrogen atom localized at the meta position is high-

field shifted by Aé = 0.68 ppm. Surprisingly, the H4/H6
hydrogen atoms are less affected upon complexath@n=

are both accompanied by peaks of higher intensity corre-
sponding to [M— Bu]*, indicating the facile loss of one of
the Sn-butyl substituents. Although this seems to confirm

0.23 ppm). As expected, the most significant chemical shift that there exist several cyclooligomeric structures in a
in the3C NMR spectrum (Table 6) corresponds to the central dynamic exchange equilibrium between each other in solu-

carbon atoms of the carboxylate groups)(= 9.7 ppm). In
the 11°Sn NMR spectrum recorded in benzemeenly one
sharp signal ad = —161 ppm can be seen. Although this
signal is high-field shifted in comparison fid (0 = —139
ppm), it is still typical for an anisobidentate coordination
mode of diorganotin(IV) dicarboxylaté&??thus confirming
the results from the IR spectrum.

Interestingly, in thé'H but not the'*C NMR spectra, the
chemical shifts change significantly, when the solvent for
the NMR experiment is changed from benzefde chlo-
roform-d, acetoneds, and pyridineds (Table 5). Thereby,

tion, it should be taken into account that in contrastiaa
well-resolvedH NMR spectrum and &°Sn NMR spectrum
with only one signallf;, = 14 Hz) are observed in CDgI
without any significant change in a temperature interval of
80 °C (—60 to 20°C). It should be also noticed that the
NMR shift displacements are unaffected by a change of
concentration (1 me> 90 mg) in the same solvent. Although
molecular models indicate that an almost identical chemical
environment can be expected for tri- and tetrameric mol-
ecules, a cylic dinuclear complex would be nonplanar due
to the presence of angular strain in a planar system, so that

the shift displacements in the weakly coordinating agents different shifts would be expected for such a compound in
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Figure 5. Dimeric bis[2]pseudorotaxane type unit in the supramolecular
structure o2b. For clarity only one of the Snbutyl groups per macrocyclic
ring is shown.

Table 7. Selected Bond Lengths (A), Bond Angles (deg), and Torsion Y
Angles (deg) for Compoundb ca5
sn1 Sn2 sn3 Figure 6. Fragment of the dimolecular unit present in the crystal lattice
of compound2b, showing the thread of a Srbutyl group through the
Bond Lengths (A) macrocyclic cavity of2b. For clarity theg, y, andd carbon atoms of the
Sn—0Ocov 2.095(5) 2.128(5) 2.121(5) Sn—butyl groups have been omitted.
2.097(5) 2.137(5) 2.120(5)
Sn-C 2.101(10) 2.117(9) 2.124(10) Chart 2. Schematic Representations for Two Different Types of
2.107(9) 2.172(10) 2.068(8) Bis[2]pseudorotaxane# and B, Whereby Type B Is Found in the
C—Ocov 1.302(9) 1.280(8) 1.283(9) Crystal Structure ofb?
1.282(9) 1.287(9) 1.278(9)
C—Ocoord 1.250(9) 1.214(9) 1.233(9) | |
1.252(9) 1.248(9) 1.244(9) ﬁ
Ccoo—Cph 1.492(11) 1.504(10) 1.459(11) | | |
1.479(11) 1.492(11) 1.482(11)
Srr++Ocoord 2.568(6) 2.523(6) 2.515(6) A B
2.522(6) 2.525(6) 2.530(6)
Srr+O'intermol -- 2.920(6) 2.847(6)
Bond Angles (deg) . - .

Ocov—SMOcoy 84.1(2) 85.1(2) 85.4(2) - ﬁ ﬁ E:[
Ocov—SMOcoora(Cis)  55.7(2) 55.5(2) 55.3(2) . . “ “
55.9(2) 55.7(2) 55.3(2) E ) P
Ocor—SN-C 105.1(3) 99.7(3) 99.6(3) e e e
105.2(3) 100.6(3) 100.8(3) . § . .
105.7(3) 101.9(3) 101.5(3) ~ . : )
ﬁ 1 i |
]

106.4(3) 102.4(4) 101.7(3) ” AT

Ocoora—SMOcoord 164.1(2) 163.7(2) 164.0(2) . .

Ocoora— SO intermol 64.5(2) 65.7(2) - .

Sn-0-Snl 116.0(2) 113.8(2) )l Py

SN—Ocov—C 102.1(5) 99.0(5) 100.8(5) - .
101.3(5) 100.2(6) 101.3(5) c

Sn—=0Ocoora—C 81.6(5) 82.3(5) 83.7(5) aC s a schematic representation of the two-dimensional polymeric
82.4(5) 83.3(6) 83.0(6) network in the supramolecular structure2if.

c-sn-C 137.5(4) 149.4(4) 150.2(4)

0-C-0 120.6(9) 123.0(8) 120.2(9) N
120.3(9) 120.8(9) 120.3(8) summar!zed in Table 3. Selgcteq bond lengths, bond angles,

Torsion Angles (deg) and torspn angles. are outllned_ in Table 7. _

Ocov—C—C—C (syn) 3.6(13) 0.9(12) 0.9(13) The trinuclear tin complex is characterized by a 24-

1.8(13) 2.5(13) 0.9(12) membered GOsSns macrocyclic ring system with all six

o _oxygen atoms directed into the interior of the cavity and the
both the IR and NMR spectra. If existing, the dynamic gy nhutyl groups attached to the tin centers approximately
exchange equilibrium can be displaced in the direction of perpendicular to the molecular plane. The tilts of the mean
the trinuclear species through fractional crystallization as it pjanes of the carboxylate groups with respect to the mean

has been shown by an X-ray crystallographic studlof  pjanes of the aromatic rings of the ligand are close %o 0
3.2.2. X-ray Crystallographic Study of 2b.Crystals of 3.6—6.7°, so thatDs, point group symmetry can be assumed
2bthat were suitable for an X-ray crystallographic study were in solution. The coordination environments of the three
grown from benzene. The molecular structur@bfs shown metallic centers are analogous to the ones observetiafor
in Figure 4; for clarity the somewhat disordergdy, andd and 1b, being skew-trapezoidal bipyramidal or bicapped
carbon atoms of the Stbutyl groups have been omitted. tetrahedral with an anisobidentate coordination mode of the
The most relevant crystallographic data #iy have been carboxylate groups, SfOc, = 2.095(5)-2.137(5) A and
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Figure 7. Polymeric zigzag chains along absformed through Sn-O' intermolecular interactions between the macrocyclic trinuclear complexes present
in the crystal lattice oRb. For clarity the Sa-butyl groups have been omitted.

Sn—0Ocoord= 2.515(6)-2.568(6) A. However, the €Sn—C between oxygen O1 and one of the hydrogen atoms of the
bond angles of 163.7(2164.1(2} are significantly larger ~ C32 methyl group, C32H+:-01 = 2.78 A. The rest of the

than inlaand1b, 143.8(2)-152.5(2). C—H---O distances lie in the interval between 2.80 and
The cavity in this planar macrocyclic derivative can be 4.18 A.
evaluated by the SrSn and transannular-©0 distances, In the crystal lattice the trinuclear macrocyclic rings are

which are 9.06-9.07 and 7.687.84 A, respectively. Similar  linked to polymeric zigzag chains along axis/ia the for-
cavities have been found within the polymeric crystal mation of SRO, units through weak intermolecular SO’
structures of microporous metadrganic frameworks formed  contacts, Sn2:010 = 2.92 A and Sn3-04 = 2.85 A
between 1,3,5-benzenetricarboxylic acid and Co(ll) certers. (Figure 7). Therefore, the coordination environment of two
In other related polymeric systems so far only diméfic, of the three tin atoms in each trinuclear complex can be
hexamerié’ and chainliké® motifs have been reported. considered also as distorted bipyramidal-pentagonal, thus
The macrocyclic cavity of2b is large enough for the  confirming the results obtained from NMR spectroscopy
introduction of linear alkyl groups as can be seen from Figure (weak coordination of coordinating solvent molecules at the
5 showing the noncovalently bound dimolecular unit present exo side of the tin atoms). The infinite zigzag chains are
in the crystal lattice. This species is highly interesting from interlocked between each other by alternate threading of
a supramolecular point of view, since it can be considered Snl—butyl groups of one chain through the macrocyclic
as a new type of bis[2]pseudorotaxane formed only betweencavities of two neighboring chains. In such a way a so far
two moleculesA, while the common case is the trimolecular unknown stepped two-dimensional polymeric network of
combination of a macrocyclic system with two thredgls  type C (Chart 2) is formed.
(Chart 2)¥* The distance between the centroids of the )
aromatic rings present in the supramolecular dimer is 3.754- €onclusions
A, so that an— interaction can be excludé@iThe top view In conclusion, this contribution has shown that the com-

of one-half of the bis[2]pseudorotaxane in Figure 6 (for pination of a dialkyltin(IV) moiety with an aromatic dicar-
clarity thef, y, ando carbon atoms of the macrocycle have poxylate like phthalate or isophthalate results in the forma-
been omitted and only the threading butyl group of the tion of complexes with either a polymeric or a discrete
second molecule is shown) might indicate intermolecular trinuclear macrocyclic molecular structure in the solid state.
C—H---O interactions; however, there are only distances very | the solution state, probably in both cases several cyclo-
close to the sum of the van der Waals radii of oxygen and gligomeric structures are present, which are transformed
hydrogen (2.90 A). The shortest distance was measuredpetween each other by fast ligand exchange reactions.
Apparently, the activation energy barriers for an enhancement
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cause of the insolubility of dimethyltin(lV) isopthalate, it Supporting Information Available: Complete tables of crys-
cannot be concluded with certainty whether the solid state tallographic data and colored figures showing a fragment of the
structure contains similar trinuclear macrocyclic units or a dimolecular unit present in the crystal lattice 216, space-filling

different type of cyclooligomeric or polymeric structure. ~ model of 2b, and polymeric zigzag chains of the macrocyclic
trinuclear complexes. Crystallographic data in CIF format. This
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