Inorg. Chem. 2003, 42, 8585—8591

Inorganic:Chemistry

* Article

Synthesis, Characterization, and Hydrolytic Behavior of Mixed-Ligand
Diorganotin Esters, [R,Sn(0,CR')OSO;Me], (R = n-Pr, n-Bu; R' =
CgHGN-Z, 4-OMG-C9H5N-2, CgHsN-l)

Ravi Shankar,*" Mukesh Kumar," Raj K. Chadha,* and Geeta Hundal®

Department of Chemistry, Indian Institute of Technology, Hauz Khas, New Delhi 110016, India,
The Scripps Research Institute, BCC-159, 10555N Torrey Pines Road, La Jolla, California 92037,
and Department of Chemistry, Guru Nanak:Déniversity, Amritsar, India

Received August 27, 2003

Reactions of the tin precursors, R,Sn(OMe)OSO,;Me (R = n-Pr, n-Bu), with an equimolar quantity of 2-quinoline/
4-methoxy-2-quinoline/1-isoquinoline carboxylic acid in acetonitrile proceed under mild conditions (rt,12-15 h) via
selective Sn—OMe bond cleavage to afford the corresponding mixed-ligand diorganotin derivatives [R,Sn(O,CR')-
0SO;Me]; [R" = CgHgN-2, R = n-Pr (1), n-Bu (2); R" = 4-OMe-CgHsN-2, R = n-Pr (3), n-Bu (4); R" = CgHgN-1,
R = n-Pr (5), n-Bu (6)]. These have been characterized by FAB mass, IR, and multinuclear (*H, *3C, 119Sn) NMR
spectral data and X-ray crystallography (for 4 and 6). The molecular structure of 4 (CxHNOsSSn, monoclinic,
P2i/n, a = 14.1(13) A, b = 16.7(18) A, ¢ = 20.3(19) A, B = 107(4)°, Z = 8) comprises distorted octahedral
geometry around each tin atom by virtue of weakly bridging methanesulfonate [Sn(1A)-O(3B) = 3.010, Sn(1B)-
O(3A) = 2.984 A] and {N,0} chelation of the carboxylate ligands. The spectral data of 1-4 suggest a similar
structural motif in solution. The molecular structure of 6 (CssHssN2010S,Sn,, monoclinic, P2/c, a = 11.339(2) A,
b = 14.806(3) A, ¢ = 24.929(5) A, 8 = 100.537(3)°, Z = 4) reveals varying bonding preferences with monomeric
units being held together by a bridging methanesulfonate [Sn(2)-0(5) = 2.312(2) A] and a carboxylate group
bonded to Sn(1) and Sn(2) atoms, respectively. Slow hydrolysis of compound 2 derived from 2-quinoline carboxylic
acid in moist CH3CN affords the asymmetric distannoxane, [Bu,Sn(0,CCgyHgN-2)-O-Sn(0SO,Me)Bua; (7) (Co7Has-
NOsSSn,, monoclinic, C2/c, a = 21.152(3) A, b = 13.307(2) A, ¢ = 26.060(4) A, g = 110.02(10)°, Z = 8)
featuring ladder type structural motif by virtue of unique w,-coordination of covalently bonded oxygen atoms [O(6),
O(6)#1] of the methanesulfonate groups.

and RTV silicone curing agentsRecently, much attention
has also been focused on their use as metal-based drugs.
The diverse structural motifs known in this family of
compounds are primarily attributed to the ambidentate
character of the carboxylate ligands and also the tendency
of the tin atom to expand its coordination sphere from four

' to seven. Steric and electronic attributes of organic substit-

Introduction

Diorganotin carboxylates derived from mono- and dicar-
boxylic acids are among the most extensively studied class
of compounds owing to their rich structural chemistayd
potential applications such as PVC stabilizers, catalysts for
transesterification reactions, polyurethane polymerization
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uents on tin and/or the carboxylate moiety impart significant Scheme 1

influence on the structural characteristics in tin carboxylates. RO R Sn(0,CRY), + R,Sn(0SO,Me),

Recently, a number of carboxylate ligands bearing additional

strategically placed functional group(s)/donor atom(s) capable R,SN(X)0SO,Me -XH

of multidentate coordination have been used to derive a

structurally interesting class of tin compourfds. X=OMoorOH) e OLCCHN2(OS0Me),
Mixed-ligand diorganotin(lV) carboxylates of the typg-R

Sn(X)O.CR (R, R = alkyl, aryl; X = Cl, OMe) represent :=C:(E°°;°H' CH=CHCOOH

=n-Pr, n-Bu

an interesting family which have been the subject of interest

in the past. These are generally prepared by a redistributionscheme 2
reactiort between symmetrical diorganotin precursors; R CH,CN, 1t, 12-15h

SnX, and RSn(Q.CR),. Syntheses of (halo) diorganotin ~ 2R.Sn(OMe)OSO,Me +2R'COOH————=[R,Sn(O,CR)OSOMel,

carboxylates have also been accomplished by a number of aten e

alternate methods which involve either-S@%Sn—Sr/Sn— R = @ R =nPr (1), nBu(2)
C8 bond cleavage with suitable reagents or addition of acyl g:/le

halide on diorganotin oxideAlthough structural information R = n-Pr (3), n-Bu(4)
for these compounds is largely derived from IR, multinuclear o~

(*H, 13C, 1°Sn) NMR, and Masbauer spectroscopy, only a @ . R=n-Pr (5), n-Bu(6)
few crystallographically authenticated examples such as Me T

Sn(C)OCR (R = CHs, CsHyN-2) are known so fal
Generally, these compounds are known to form associatedportionation, we have extended analogous reactions of
structures in the solid state. (methoxy)diorganotin methanesulfonates with 2-quinoline/
It has been our endeavor to develop the chemistry of 4-methoxy-2-quinoline/1-isoquinoline carboxylic acid. This
diorganotin carboxylates bearing co-ligands of ambidentate has resulted in the isolation of stable diorganotin esfers,
character. The primary impetus has been to comprehend(Scheme 2). X-ray crystal structures df and 6 were
competitive coordination modes of these ligands to the tin determined to probe the bonding behavior of the ligands and
atom(s) and find a rationale related to the stability and its implications on the stability of these compounds. Pre-
structural motifs of this class of compounds. Toward this liminary studies on the hydrolytic behavior @f afforded
end, we have reported earlier on the syntfiésisd reactivity ~ the asymmetric distannoxane, [EBn(Q:CCiHeN-2)-O-
behaviot? of (methoxy/hydroxy)diorganotin methanesulfonates, Sn(OSGMe)Buw,]. (7), featuring the unprecedenteg,-
R,Sn(X)OSQMe [R = n-Pr, n-Bu; X= OMe, OH] toward coordination mode of methanesulfonate groups. The details
ethylmalonic/maleic/2-pyridine carboxylic acid. A significant are reported herein.
feature of these studies is the formation of unstable mixed- ) )
ligand tin intermediates, Bn(Q.CR)OSOMe, and their ~ EXPerimental Section
subsequent disproportionation to afford novel mono/trinuclear Al operations were carried out using standard Schlenk line
tin ester derivatives (Scheme 1). techniques under a dry nitrogen atmosphere. Solvents were freshly
To better understand the factors which influence the distilled over sodium benzophenone (toluene) or phosphorus
stability of such mixed-ligand tin derivatives toward dispro- pentaoxide (acetonitrile, hexane). Glasswares were dried in an oven
at 110-120°C and further flame dried under vacuum prior to use.
(4) (@) Ma, C.; Jiang, Q.; Zhang, R. Organomet. Chen2003 678 The precursors, (methoxy)dipropyl/di-n-butyltin(lV) methane-
148. (b) Pettinari, C.; Marchetti, F.; Pettinari, R.; Martini, D.; Drozdov, sulfonate, were prepared as reported eatfievhile 2-quinoline/

Q‘_;.ggﬁfnﬁ'\."C;Sr;]yscrf.ngosd%%égkalgl Hgﬁotlz{g%(c&gﬁi% 4-methoxy-2-quinoline/1-isoquinoline carboxylic acid (Aldrich)

C.; Biesemans, M.; Willem, ROrganometallics1998 17, 4259. (d) were used as procuredH, 3C, and *'°Sn NMR spectra were
Casas, J. S.; Castineiras, A.; Couce, M. D.; Playa, N.; Russo, R.; recorded on BRUKER DPX-300 at 300, 75.46, and 111.88 MHz,

Sanchez, A.; Sordo, J.; Varela, J. M. Chem. Soc., Dalton Trans : 1 1 ; ; ;
1998 1513. (e) Dakternieks, D.; Baul, T. S. B.: Dutta, S.: Tiekink, E. respectively!H and'3C chemical shifts are quoted with respect to

R. T. Organometallics1998 17, 3058. (f) Lockhart, T. POrgano- the residual protons of the solvent, whiléSn NMR data are given
metallics 1988 7, 1438. ' _ using tetramethyltin as internal standard. FAB mass spectra were
(5) (a) Davies, A. G.; Smith, P. J. Ifomprehensie Organometallic — yacorded in 3-nitrobenzyl alcohol (NBA) matrix at room temperature

hemistry Wilki . St F. G. A, Abel, E. W., Eds.; .
geregn;ns“;)r/“ O'X]!Qrsc?niggo’. F?glnge (b) \/C;tsa YC.-bJea'in V. K- Dgss 't onaJEOL SX 102/DA-6000 mass spectrometer/data system using

K. Indian J. Chem1991 30A 451. argon/xenon (6 kV, 10 mA) as the FAB gas. IR spectra were
©) E\;\éada, M.; Shindo, M.; Okawara, R. Organomet. Cheni963 1, recorded on Nicolet proge 460 E.S.P. spectrophotometer using
) Sa'wyer’ A. K.; Kuivila, H. G.J. Org. Chem1962 27, 610. KBr gptlcs. Elemental analysis (C, H, and N) was performed on a
(8) Wang, C. S.; Shreeve, J. M. Organomet. Cheni972 38, 287. Perkin-Elmer model 2400CHN elemental analyzer.

(9) Honnick, W. D.; Zuckerman, J. J. Organomet. Chenl979 178§, Synthesis of [RSN(O:CCgHgN-2)OSOMe], [R = n-Pr(1),

133. : .

(10) (a) Allen, D. W.; Nowell, I. W.; Brooks, J. S.; Clarkson, R. \/. n-Bu(2)]. To a stirred solution of n-Bn(OMe)OS@Me (0.52 9

Organomet. Cheml981, 219, 29. (b) Nowell, I. W.; Brooks, J. S.;  1.58 mmol) or n-BeSn(OMe)OSGMe (0.75 g, 1.58 mmol) in

a1 I?\Ieeclh, GSJ.POr?(anomgt. Cslneni%SRZM\q/ 119. . an. p acetonitrile (50 mL) was added 2-quinoline carboxylic acid (0.27
arula, S. P.; Kaur, S.; Shankar, R.; Verma, S.; Venugopalan, P.; ; ; »

Sharma, S. K; Chadha. R. knorg, Chem 1999 38, 4777. g, 1.58 mmol). The clear solution was stirred for-115 h at room .

(12) Shankar, R.; Kumar, M.; Narula, S. P.; Chadha, RJ#Organomet. temperature. Thereafter, the solvent was completely evaporated in

Chem 2003 671, 35. a vacuum and the sticky residue washed with toluene to afford a
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Mixed-Ligand Diorganotin Esters

white solid in each case. Recrystallization of these products from (Ca). 11°Sn (DMSOdg): 6 —306. MS (FAB"): m/z 965 (M —

CH,Cl,/hexane mixture gave the desired compourddand 2,
respectively.

Compound 1.Yield: 70%. IR (KBr, cnm?): 1684 ¢,CO,), 1332
(vC0O,), 1585 (ring vibrations), 1255, 1160, 1020S0;), 776
(vSMe).*H NMR (CDCly): 6 8.63 (d,3Jy—n = 7.3 Hz, H-3, 2H),
8.53 (d,3Jy_p = 7.7 Hz, H-4, 2H), 8.38 (br, H-8, 2H), 8.10 {t,
3Ju—n = 9.0 Hz, H-6, 2H), 8.06 (d¥Jy_n = 7.8 Hz, H-5, 2H),
7.86 (t,%Jy—n = 7.4 Hz, H-7, 2H), 3.03 (s, 6H, SMe), 1.92 (m,
SnCH,, 8H), 1.51 (m, SNCKCH,, 8H), 0.85 (t,3Jy-p = 8.7 Hz,
Sn(CHy),CHs, 12H).13C{*H} NMR (CDCly): 6121.0, 125.9, 128.6,

OSQMe — 2H]*, 855 [M — 2Bu — OSOMe — 2H]*, 436 [Bw-
Sn(4-OMe-QCCoHgN-2)]*. Anal. Calcd for GoHsgN201,S,Sn
(1062): C, 45.19; H, 5.46; N, 2.63. Found: C, 45.01; H, 5.55; N,
2.59.

Synthesis of [RSn(O,CCgHgN-1)OSOMe], [R = n-Pr(5),
n-Bu(6)]. The title compounds were obtained as pale yellow solids
by following the similar procedure as described foand 2 by
reacting n-P4Sn(OMe)OSGMe (0.74 g, 2.22 mmol) or n-BS$n-
(OMe)OSQGMe (0.80 g, 2.22 mmol) with 1-quinoline carboxylic
acid (0.38 g, 2.22 mmol).

129.0,130.1, 132.2, 141.5, 143.1, 147.0 (aromatic carbons), 165.0 Compound 5. Yield: 78%. IR (KBr, cnT?): 1671, 1616 ¢,

(COy), 39.7 (SMe), 17.4 (€, 3Jsn-c = 136 Hz), 18.4 (B, Wsn—c

= 43 Hz), 32.7 (@). °Sn NMR (CDC}) 6 —330. MS (FAB"):
m/'z 847 (M — OSQMe — 4H]*, 598 [M — 2(0O,CCyHgN-2) —
4H]*, 378 [PESN(QCCoHN — 2)]*. Anal. Calcd for GH46N2010S-
Snp (946): C, 43.12; H, 4.86; N, 2.95. Found: C, 43.20; H, 4.79;
N, 2.90.

Compound 2.Yield: 78%. IR (KBr, cnTl): 1654 (,CO,), 1338
(vC0O,), 1584 (ring vibrations), 1278, 1150, 101#S0;), 780
(vSMe).*H NMR (CDCl): 6 8.60 (d,2J4—4 = 7.2 Hz, H-3, 2H),
8.44 (d,%Jy—y = 8.0 Hz, H-4, 2H), 8.33 (br, H-8, 2H), 8.03 (t,
3Ju-n = 9.0 Hz, H-6, 2H), 7.98 (d3Jy_n = 7.5 Hz, H-5, 2H),
7.80 (t,%Jy—n = 7.5 Hz, H-7, 2H), 2.96 (s, 6H, SMe), 1.91 (m,
SnCH,, 8H), 1.37 (m, SnChK{CH,, 8H), 1.13 (M, Sn(CkK),CH,, 8H),
0.62 (t,%J4—n = 6.7 Hz, Sn (CH)3;CHs, 12H). 13C{'H) NMR
(CDCl): ¢ 121.2,125.3,128.9, 129.0, 130.1, 133.6, 141.0, 142.5,
147.0 (aromatic carbons), 165.1 (§(89.7 (SMe), 13.1 (6), 25.7
(C‘}/, 3\]5rﬁc = 140 HZ), 25.7 ((B, ZJSWC =40 HZ), 30.0 (@)
119%5n NMR (CDC}): 6 —334. MS (FAB"): m/z908 (M + H —
OSOMe]t, 654 [M — 20SQMe) — 2Bu — CO;]*, 406 [BwSn-
(O,CCgHgN-2)]*. Anal. Calcd for GgHs4N2010S,Smn, (1002): C,
45.50; H, 5.38; N, 2.79. Found: C, 45.40; H, 5.30; N, 2.74.

Synthesis of [RSn(4-OMe-O,CCyHsN-2)OSOMe], [R =
n-Pr(3), n-Bu(4)]. The title compounds were prepared according
to the procedure described fbrand2 by reacting n-PiSn(OMe)-
OSQMe (0.65 g, 1.95 mmol) or n-BSn(OMe)OSGMe (0.7 g,
1.95 mmol) in acetonitrile~450 mL) with 4-methoxy-2-quinoline
carboxylic acid (0.39 g, 1.95 mmol).

Compound 3.Yield: 80%. IR(KBr, cntl): 1667 ¢,C0,), 1341
(vC0O,), 1584 (ring vibrations), 1274, 1149, 99@90;), 773
(vSMe).*H NMR (CDCly): 6 8.41 (d,2J4—4 = 8.2 Hz, H-5, 2H),
8.30 (br, H-8, 2H), 8.02 (t3Jy_p = 7.4 Hz, H-7, 2H), 7.89 (s,
H-3, 2H), 7.78 (t,3Jy-n = 7.5 Hz, H-6, 2H), 4.22 (s, OMe, 6H),
2.99 (s, SMe, 6H), 1.91 (m, Sii, 8H), 1.54 (m, SnCkCH,, 8H),
0.87 (t, 3J4-n = 8.0 Hz, Sn(CH),CHs, 12H). lsC{lH) NMR
(DMSO-dg): 121.1,123.0, 125.6, 126.5, 128.8, 129.6, 132.1, 143.4,
149.0 (aromatic carbons), 165.3 (§(058.0 (OMe), 39.7 (SMe),
17.4 (Cy, 8Jsn-c = 140 Hz), 18.4 (B, 2sp-c = 39 Hz), 32.7 (@).
11950 NMR (DMSOsg): 6 —304. MS (FAB): m/z 909 (M —
OSQMe — 2H]*, 408 [PsSn(4-OMe-QCCqHgN-2)]*. Anal. Calcd
for CgeHs0N201,S,Smn, (1006): C, 42.94; H, 4.97; N, 2.78. Found:
C, 42.80; H, 4.85; N, 2.71

Compound 4.Yield: 75%. IR (KBr, cnt?l): 1686 ¢,CO,), 1338
(vCO,), 1583 (ring vibrations), 1270, 1145, 1011S0;), 776
(vSMe)IH NMR (CDCly): 6 8.46 (d,334— = 8.1 Hz, H-5, 2H),
8.38 (br, H-8, 2H), 7.96 (t3Jy—n = 7.5 Hz, H-7, 2H), 7.84 (s,
H-3, 2H), 7.78 (t,2Jy—n = 7.5 Hz, H-6, 2H), 4.28 (s, OMe, 6H),
2.81 (s, SMe, 6H), 1.95 (m, S, 8H), 1.18 (m, SnCK(CH>),,
16H), 0.69 (t3Jy—n = 6.8 Hz, Sn (CH)3CH3z, 12H).13C{H) NMR
(DMSO-dg): 121.2,122.6,125.0, 126.1, 128.6, 129.4, 133.9, 143.2,
150.1 (aromatic carbons), 166.0(g)(%7.5 (OMe), 39.8(SMe), 13.3
(C9), 25.5 (G, sn-c = 144 Hz), 26.7 (B, 2Jsp-c = 40 Hz), 31.2

CO,), 1331 ¢sCO,), 1584 (ring vibrations), 1260, 1152, 1039
(vSQs), 763 SMe).H NMR (CDCl): ¢ 10.1 (d,304- = 7.2
Hz, H-4, 2H), 9.29 (br, H-3, 2H), 8.15 (&Jy-n = 5.7 Hz, H-8,
2H), 8.01 (t,3Jy—n = 7.7 Hz, H-6, 2H), 7.92 (t8Jy_y = 7.4 Hz,
H-7, 2H), 7.90 (d2Jy—n = 6.3 Hz, H-5, 2H), 3.01 (s, SMe, 6H),
1.80 (M, Sn€l,, 8H), 1.41 (m, SNCKCHy, 8H), 0.79 (t,3Jy-n =

6.7 Hz, Sn(CH),CHz, 12H). 13C{*H) NMR (CDCl): ¢ 122.0,
124.2, 127.8, 129.1, 130.3, 131.5, 142.5, 144.2, 146.0 (aromatic
carbons), 166.0(C£), 39.5(SMe), 18.0 (€, 3Jsp—c = 140 Hz), 19.2
(CB, 2sn-c = 45 Hz), 33.1 (@). 11°%Sn NMR (CDC}): ¢ —312.
MS(FAB*): m/z 849 [M — OSOMe — 2H]*, 817 [M — 3Pr]t,
378 [PeSN(G:CCoHgN-1)]™. Anal. Calcd for G4H4eN2010S,Sme
(946): C, 43.12; H, 4.86; N, 2.95. Found: C, 42.91; H, 4.90; N,
2.84.

Compound 6. Yield: 74%. IR(KBr, cntl): 1676, 1620 %,
COy), 1330 ¢L0y), 1590 (ring vibrations), 1260, 1155, 1044
(vSG;), 763 ¥SMe). 'H NMR (CDCly): ¢ 10.1 (d,3Jy-p = 8.0
Hz, H-4, 2H), 9.12 (br, H-3, 2H), 8.22 (&Jy-n = 6 Hz, H-8,
ZH), 8.06 (t,3JH7H =7.8 Hz, H'6, 2H), 7.99 (t‘?\]HfH =8.7 Hz,
H-7, 2H), 7.95 (d3Jy-n = 6.6 Hz, H-5, 2H), 3.01 (s, SMe, 6H),
1.91 (t,3J4—n = 9.0 Hz, SnCl,, 8H), 1.48 (m, SNCkKCH,, 8H),
1.25 (m, Sn(CH),CH,, 8H), 0.76 (t2Jy—n = 6.9 Hz, Sn(CH);CHs,
12H).3C{*H} NMR (CDCl): 6 122.3,125.0, 127.1, 129.2, 130.
133.2, 141.0, 143.5, 148.1 (aromatic carbons), 167.5,(C%9.4
(SMe), 13.1 (©), 17.4 (C/, 3Jsn-c = 139 Hz), 18.4 (B, sn-c =
44 Hz), 32.7 (@). 1*°Sn NMR (CDC}): 6 —312. MS(FAB"): m/z
849 [M — OSQMe — 2H]*, 406 [BbSn(G:CCoHN-1)]*, 392 [Sn-
(O,CCyHgN-1)]*. Anal. Calcd for GgHs4N20103:Srp (1002): C,
45.50; H, 5.38; N, 2.79. Found: C, 45.34; H, 5.28; N, 2.65.

Synthesis of [BySn(O,CCyoHeN-2)-O-Sn(0OSQMe)BuUy], (7).
[n-Bu,SN(G,CCoHN-2)OSOMe], (2) (1.2 g, 1.19 mmol) was
dissolved in~50 mL of moist acetonitrile (95:5 v/v acetonitrile/
water), and the clear solution was stirred at room temperature for
24 h. Thereafter, solvent was stripped off under vacuum. To the
resulting viscous mass was addetiexane with constant stirring.

A white solid thus obtained was filtered and dried under vacuo.
Recrystallization of the crude product from acetonitrile afforded
in analytically pure form.

Yield: 70%. IR(KBr, cn1): 1684 (,CO,), 1327 (#C0O,), 1260,
1145, 1011 ¥S0s), 778 (SMe), 605 Sn—0O—Sn). IH NMR
(CDClg): 6 8.58 (d,34—n = 8.7 Hz, H-3, 2H), 8.53 (dBJy-n =
7.2 Hz, H-4, 2H), 8.42 (br, H-8, 2H), 8.02 (m, H-b H-6, 4H),
7.77 (t,%34—n = 7.5 Hz, H-7, 2H), 2.96 (s, SMe, 6H), 1.80 (m,
SnCH,, 16H), 1.45 (m, SNnCKCH,, 16H), 1.12 (m, Sn(CH,CHo,
16H), 0.94 (t2J4—n = 6.5 Hz, Sn(CH)3CHgz, 12H), 0.62 (t3J4—n
= 6.7 Hz, Sn(CH)3CHs;, 12H).11%Sn NMR (CDC}): ¢ —221,
—278. Anal. Calcd for gHgoN201,S,Sn, (1502): C, 43.14; H, 5.99;

N, 1.86. Found: C, 43.01; H, 5.90; N, 1.81.

X-ray Crystallography. The crystals o#t and6 were mounted
along with the largest dimension in sealed capillaries and were used
for data collection. The intensity data were collected on a Bruker

6,
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SMART APEX diffractometer equipped with molybdenum sealed
tube and a highly oriented graphite monochromator-460 °C.
The systematic absencek@®k = 2n + 1; andh01,h + 1= 2n
+ 1) (for 4) and (&0, k = 2n + 1; andh01, 1= 2n + 1) (for 6)
indicated the space groug®2;/n and P2j/c, respectively. The
structures were solved by direct methods using SHELXTLYPC.
Some atoms of the butyl groups (C&£4A, C8A, and C4B) (for
4), C5—-C8 and 0O(10) (for6) were found disordered and refined
isotropically while other non-hydrogen atoms were refined aniso-
tropically by the full-matrix least-squares method. The function
minimized wasy w(||Fo| — |Fc||?). Hydrogen atoms were included
in the ideal position with fixed isotropid values 1.2 times that of
the atom they are attached to. A weighting scheme of the form
= 1/[[04(Fo)? + (aP)?2 + bP] with a = 0.032,b = 0.00 (for4), a
= 0.044,b = 0.00 (for6) was used. The final difference map was
devoid of significant features. All calculations were done on an
IBM-compatible PC using programs Windows-NT operating sys-
tem. The programs used were SMARTSAINT+,1> SADABS 16
The intensity data fo¥ were collected on a Siemens P4 X-ray
diffractometer by using scanning mode with graphite monochro-
matized Mo Ko radiation at 20°C. A total of 9284 reflections were
measured, 9033 were independeépt€ 0.0817) and of which 4180
(I > 20(1)] were considered observed. The systematic absérides
h+k=2n+ 1, h0l, 1 odd and RO, k = 2n + 1 indicated the
space groug2/c. The structure was solved by direct method using
SIR927 and refined by full-matrix least-squares refinement tech-
niques onF?2 using SHELXTL!® Two methylene carbons of one
butyl group and methyl group of the Meg@gand showed high

thermal parameters and splitting. The disorder could be resolved

for C24, C25, and C27 and these three atoms are refined
isotropically with fixed C-C and C-S bond lengths. All other
atoms were refined anisotropically. A weighting scheme of the form
w = 1/[[0%(F,)? + (aP)? + bP] with a = 0.6930,b = 6.94 was
used. The final difference map was devoid of significant features.

Results and Discussion

Synthesis of 6. The reactions between equimolar
quantities of RSn(OMe)OS@Me (R = n-Pr, n-Bu) and
2-quinoline/4-methoxy-2-quinoline/1-isoquinoline carboxylic
acid in acetonitrile proceed under mild conditions (rt;-12
15 h) to yield the corresponding mixed-ligand diorganotin
complexes, [RSn(QCR)OSOMe],; (1-6) in nearly 70-
80% yield (Scheme 2). The chemoselective reactivity of Sn
OMe group in the precursor tin complexes toward the
carboxylic acids is in accord with more basic character of
methoxide group as compare to methanesulfonate.

Characterization. The compound4—6 are white to pale
yellow crystalline solids and are stable up to 18D with

are soluble in common organic solvents such ag@\
CH,CIl;, CHCL, CH3;0OH, and DMSO, etc. The identity of

(13) SMART (Ver 5.624). Software for data collection on CCD Detector
systemBruker X-ray Analytical Instruments: Madison, WI, 1995.

(14) SAINTF (Ver 5.6). Software for data reduction on CCD Detector
systemBruker X-ray Analytical Instruments: Madison, WI, 1995.

(15) Sheldrick, G. M.SADBAS (Ver 2.03)Bruker X-ray Analytical
Instruments Inc.: Madison, WI, 1999.

(16) Sheldrick, G. MSHELXTL-PC. (Ver 6.Q)Bruker X-ray Analytical
Instruments Inc.: Madison, WI, 1990.

(17) Altomare, A.; Cascarano, G.; Giacovazzo, C.; GualardiJ.AAppl.
Crystallogr. 1993 26, 343.

(18) Sheldrick, G. M.SHELXL-PC Varian 5.05 Siemens Analytical
Instruments Inc.: Madison, WI, 1995.
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these compounds has been established by FAB mass, IR,
and multinuclear, 3C, 1*°Sn) NMR spectral studies and
structures fod and6 further corroborated by single crystal
diffraction. Although FAB mass spectra (3-nitrobenzyl-
alcohol) do not show a molecular ion [Mpeak, structurally
important fragment ions such as [M OSGMe]™ and [M

— R]" are clearly discernible. IR spectra in both KBr and
CH.CI, solution are quite similar and particularly useful in
providing the bonding description of carboxylate and meth-
anesulfonate groups in each compound. Fo4, the spectra
exhibit a strong absorption at 1690650 cm® (v,COy)
similar to those previously reported for &m(OQ,CCsH;N-

2),° and BuySn(Q:CCsH4N-2),:H,0 in which chelation
through the[ N, O} coordination mode has been observed. In
contrast, twa,CO, absorptions are observed at 1671, 1616
(for 5) and 1676, 1620 cnt (for 6). The former values are
assigned t§N,O} chelation while lowering of IR frequency

at 1610-1620 cm! suggests the possibility of tridentate
coordination mode featuringN,O} chelation and bridging
carboxylate group! The characteristic absorptions due to
the vYSO; mode appear in the region 1360000 cntt and
apparently suggest bridging bidentate mode of methane-
sulfonate group® H and*3C{'H} NMR spectra (CDG)

of 1—6 are in accord with the structural composition. In the
'H NMR spectra, characteristic resonances due {8#Bu-

Sn, SMe and aromatic ring protons appear in 1:1:1 integrated
ratio. 11°Sn NMR spectrum of each compound in CRGF
DMSO-ds (for 3 and 4) shows a sharp resonance/{ =
10—-14 Hz) in a narrow chemical shift range 6f—304 to
—340 typical of six coordinated polyhedra at each tin atém.
The presence of a singl&®Sn resonance in each compound
strongly suggests that the tin atoms in the dimeric structures
possess identical chemical environments. The structural
similarities of 1—4 as well ass and6 are thus evident from
the above spectral data. These findings are further confirmed
from X-ray crystal structure analysis dfand6.

X-ray Crystal Structures. The single crystals of and6
suitable for X-ray analysis were obtained by slow evaporation
of acetonitrile solution. The molecular structures along with
atomic labeling scheme are shown in Figures 1 and 2,
respectively. The relevant crystal data are given in Table 1
while selected bond lengths and angles are listed in Tables
2 and 3, respectively. The crystal structure of each compound
shows distinct coordination preferences of carboxylate and
methanesulfonate ligands. The molecif@nonoclinic,P2,/

n) adopts a dimeric structure with the monomeric units held

etogether by weakly coordinating methanesulfonate groups

acting in a bridging bidentate mode [Sn(+A)(3B) = 3.010

A, Sn(1B-0O(3A) = 2.984 A]. These bond distances are
much longer than normally observed in related diorganotin-
(IV) methanesulfonates (2-2.5 A) 1112but shorter than the

(19) Naik, D. V.; Curren, Clnorg. Chem.1971, 10, 1017.

(20) Yin, H.; Wang, C.; Yang, Y.; Ma, Clndian J. Chem2003 42A
1656.

(21) Crowe, A. J.; Hill, R.; Smith, P. 3. Organomet. Cheni981 204,
47

(22) (a) Yeats, P. A.; Sams, J. R.; Aubke liforg. Chem 1972 11, 2634.
(b) Hochberg, E.; Abbott, E. Hnorg. Chem.1978 17, 506.

(23) Holecek, J.; Nadvornik, M.; Handlir, K.; Lycka, Al. Organomet.
Chem 1986 315 299
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Figure 1. ORTEP view of4. The thermal ellipsoids are drawn at 30%
probability level. Hydrogen atoms are omitted for clarity.

¢

c4
Figure 2. ORTEP view of6. The thermal ellipsoids are drawn at 30%
probability level. Hydrogen atoms are omitted for clarity.

Table 1. Summary of Crystallographic Data for the Compou#dds,
and72

4 6 7
empirical formula  GoH20NOsSSn  GgHsaN20105,Sn Co7HasNOgSSNn2
fw 530.19 999.32 749.07
T,K 173(2) 173(2) 293(2)

A 0.71073 0.71073 0.71073
cryst syst monoclinic monoclinic monoclinic
space group P2;/n P2;/c C2lc

a, 14.1(13) 11.339(2) 21.152(3)

b, A 16.7(18) 14.806(3) 13.307(2)

c A 20.3(19) 24.929(5) 26.060(4)

o, deg 90 90 90

B, deg 107(4) 100.537(3) 110.020(10)
y, deg 90 90 90

Vv, A3 4598(785) 4114.4(13) 6892(2)

z 8 4 8

Pealcs Mg m—3 1.532 1.613 1.442

6 (deg) 1.56-28.02 1.6325.00 1.66-30.01

u, mnrt 1.236 1.373 1.544

final Rindices R1=0.0347 R1=0.0354 R1= 0.0668
[1I' > 20(1)] wR2=0.0736 wR2=0.0805 wR2=0.1561
Rindices (all data) R* 0.0460 R1= 0.0465 R1=0.1575

wR2=0.0783 wR2=0.0850 WR?2=0.2618

AR1= (3||Fo| — IFcl|/Z|Fol), WR2= FW(Fo? — FAHY[(F?)A2 s =
[SW(F? — F?)n—p)]¥2

sum of the van der Waals radii of Sn and O (3.68AJhe
carboxylate ligand is bonded to each tin atom {dy,O}
chelation forming five membered ring while the other

Table 2. Selected Bond Lengths (A) and Angles (deg) 4or

Bond Lengths

Sn(1A)}-C(1A) 2.07(15) Sn(1A)C(5A) 2.11(17)
Sn(1A-O(1A) 2.2(2) Sn(1AYO(4A) 2.08(15)
Sn(1A)-0O(3B) 3.010 Sn(1AYN(1A) 2.32(19)
Sn(1B)-C(1B) 2.11(16) Sn(1B}C(5B) 2.11(17)
Sn(1B)-O(1B) 2.2(2) Sn(1BYO(4B) 2.08(15)
Sn(1B)-0(3A) 2.984 Sn(1BYN(1B) 2.3(2)
Bond Angles

C(1A)-Sn(1A>-C(5A)  151.4(10) C(1BYSn(1B)-C(5B) 150.1(9)
O(3B)-Sn(1A>-0O(1A) 103.1 O(3A)Sn(1B)-O(1B) 103.5
O(4A)—Sn(1A;-O(1A) 83(4) O(4BY-Sn(1By-0O(1B) 83(4)
O(4A)—-Sn(1A-N(1A) 74(4) O(4By-Sn(1B)}-N(1B)  74(4)
O(3B)-Sn(1A)-N(1A) 100.1 O(3A)-Sn(1B)-N(1B) 99.4

Table 3. Selected Bond Lengths (A) and Angles (deg) for

Bond Lengths

Sn(1)-0(3) 2.366(2) Sn(2yO(5) 2.312(2)
Sn(1)-0(1) 2.112(2) Sn(2y0(8) 2.300(2)
Sn(1)-N(1) 2.291(3) Sn(2yN(2) 2.294(3)
Sn(1)-0(6) 2.507(2) Sn(2y0(7) 2.170(2)
Sn(1)y-C(1) 2.104(3) Sn(2yC(20) 2.118(4)
Sn(1)-C(5A) 2.120(8) Sn(2yC(24) 2.113(3)
Bond Angles
C(1)-Sn(1-C(5A) 157.4(3) C(24ySn(2-C(20) 164.30(14)
O(1)-Sn(1)-0(6) 82.56(8) O(8)ySn(2-0O(5) 125.72(8)
O(3)—Sn(1)-0(6) 122.20(8) O(ASn(2y-0O(5) 77.24(8)
N(1)—Sn(1>-0(3) 82.35(9) O(73Sn(2)-N(2) 71.30(9)
O(1)-Sn(1)-N(1) 72.83(9) N(2)-Sn(2)-0(8) 85.80(9)

carboxylic oxygen [O(5A) and O(5B)] remains free. Thus,
the coordination geometry around each tin atom is a distorted
octahedron with planar Srf¥ core occupying the equatorial
position (360+ 0.2°). The butyl groups adopt trans disposi-
tion with an average €Sn—C angle of 150.7. The metrical
parameters of the carboxylate ligand involved in chelation
[SN(1A)-O(4A)/Sn(1By-0O(4B) = 2.08(15) A, Sn(1Ay
N(1A) = 2.32(19) A, Sn(1B¥N(1B) = 2.3(2) A] find a
close analogy with those observed for previously known
diorganotin carboxylates derived from 2-pyridine carboxylic
acid!?22526 The covalent SaO(methanesulfonate) bond
distance [Sn(1AYO(1A)/Sn(1B>-O(1B) = 2.2(2) A] is
comparable with the corresponding-S@ distance reported
earlier for BuSn(OSQMe),.*?

The dimeric structure d (monoclinic,P2;/c) differs from
4 in respect of varying disposition of the ligands around the
tin atoms. Particularly noteworthy is the structural variation
due to different bonding behavior of carboxylate and
methanesulfonate groups associated with each monomeric
entity in the molecule. While{N,O} chelation of the
carboxylate groups is evident, the ligand at Sn(2) atom
behaves in a tridentate fashion with the O(6) atom forming
a bridge between the two tin centers [SR{D(6) = 2.507(2)
A]. The methanesulfonate groups at Sn(1) and Sn(2) atoms
display bridging bidentate and monodentate coordination
modes, respectively [Sn@ED(3) = 2.366(2) A, Sn(2}-0(5)
= 2.312(2) A, Sn(>>0(8) = 2.300(2) A]. Strong

(24) Bondi, A.J. Phys. Chem1964 68, 441.

(25) Lockhart, T. P.; Davidson, POrganometallics1987, 6, 2471.

(26) (a) Gielen, M.; Boualam, M.; Tiekink, E. R. Main Group Met. Chem
1993 16, 251. (b) Jurkschat, K.; Tiekink, E. R. Main Group Met.
Chem 1994 17, 659.
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coordination of these ligands to the tin atoms results in a
significant widening of the trans -€Sn—C angles [C(1)
Sn(1)-C(5A)=157.4(3}, C(24)-Sn(2)-C(20)=164.30(149]
as compared to the analogous parameters (@60.7). As
a consequence, the tin atoms adopt a highly distorted
octahedral geometry with the Sgi® core (360+ 0.1°)
constituting the equatorial plane. Other metrical parameters

associated with methanesulfonate and carboxylate ligands

are similar to those observed for compouhd

Synthesis and Characterization of Asymmetric Dist-
annoxane, [BuSn(O,CCyHgN-2)-O-Sn(OSQMe)Bu;]» (7).
Attempts to crystallize the mixed-ligand tin compound, {Bu
Sn(GCCyHN-2)OSQMe]; (2), from acetonitrile solution
did not vyield the desired product. Instead, tetraorgano
distannoxane?) was obtained as colorless crystals presum-
ably due to the hydrolysis @ in the presence of traces of
moisture in the solvent. Treatment2vith moist acetonitrile
(95:5 v/iv CHCN/H,0) also gave the distannoxane-#70%
isolable yield. It is believed that BBn(OH)OSGMe and
Bu,Sn(OH)QCCsHgN-2 are the key intermediates during
hydrolysis pathway of and subsequently undergo conden-
sation to afford the distannoxane. Although a similar

mechanistic proposition has been suggested for the hydrolysis sn(1)-o(6)

of diorganotin dihalide® and ditert-butyltin diacetaté®
hydrolytic behavior of mixed-ligand tin complexes with labile

ligands as observed herein has not been reported so far. Theo(3)-Sn(1)-0(1)

identity of 7 has been established by elemental analysis, IR,
NMR spectroscopy, and X-ray crystallography. In e
NMR spectrum, resonances due to,80n, SMe, and aromatic
ring protons are discernible at the characteristic chemical
shifts in the relative integral intensity ratio of 2:1:1°Sn
NMR spectrum (CDG) shows two resonances of equal
intensity até —221 and —278 due to endocyclic and

Shankar et al.

Figure 3. ORTEP view of7. The thermal ellipsoids are drawn at 30%
probability level. Hydrogen atoms are omitted for clarity.

Table 4. Selected Bond Lengths (A) and Angles (deg) Tor

Bond Lengths

Sn(1-0(3) 2.066(5) Sn(C(11) 2.105(10)
Sn(1-0(1) 2.110(6) Sn(1C(15) 2.121(9)
Sn(1)-N(1) 2.498(6) Sn(2rC(19) 2.111(11)
Sn(1)-0(3) 2.048(11) Sn(2)C(23) 2.083(11)
Sn(2-0(3)#1 2.068(5) Sn(2)Sn(2)#1 3.2495(12)
2.603(4) Sn(2)0(6) 2.632(4)
Bond Angles
C(11)}-Sn(1)-C(15) 145.2(4) O(6ySn(2)-O(3)#1 145.88
75.3(2) C(23ySn(2)-C(19) 133.2(4)
O(1)-Sn(1)-N(1) 70.0(2) O(3)Sn(2)-C(19) 109.9(3)
0O(3)-Sn(1)-0(6) 69.24 0O(3)Sn(2)-C(23) 109.7(3)
O(6)—-Sn(1)-N(1) 145.39 0O(3)Sn(2)-0(3)#1 75.65

Sn(2-0(3)-Sn(2#1  104.3(2)  SN(HO(6)-SN(2) 90.65
CO, mode suggestingN,O} chelation. The characteristic

absorption due to theSn—O—Sn mode appears at 605 chn
The molecular structure of is shown in Figure 3, and

exocyclic tin atoms, respectively, and suggests the retentioncrysta| data as well as selected bond lengths and angles are

of dimeric structure in solution. In this respeétbears a
close analogy with symmetric distannoxaf®&®jin contrast
to asymmetric analogues, [BD.CR)Sn-O-Sn(X)Bel|, (X

= OMe, F, Cl; R= CF;, CHz), in which different oxo-tin
species are known to exist in dynamic equilibrium in
solution3® The stability of compound may thus partly be
attributed to stron§iN,O} chelation of the carboxylate ligand.
The IR spectrum of7 both in solid and dichloromethane
solution reveals a strong absorption at 1684 tnue tov,-

(27) (a) Davies, A. GOrganotin ChemistryVCH: Weinheim, 1997. (b)
Beckmann, J.; Dakternieks, D.; Duthie, A.; Tiekink, E. RJTChem.
Soc., Dalton Tran2003 755. (c) Beckmann, J.; Henn, M.; Jurkschat,
K.; Schuermann, M.; Dakternieks, D.; Duthie, ®rganometallics
2002 21, 192.

(28) Mokal, V. B.; Jain, V. K.; Tiekink, E. R. TJ. Organomet. Chem
1992 431, 283.

(29) (a) Narula, S. P.; Kaur, S.; Shankar, R.; Bharadwaj, S. K.; Chadha,
R. K. J. Organomet. Chen1996 506, 181. (b) Kemmer, M.; Ghys,
L.; Gielen, M.; Biesemans, M.; Tiekink, E. R. T.; Willem, W.
Organomet. Chem1999 582 195. (c) Danish, M.; Alt, H. G.;
Badshah, A.; Ali, S.; Mazhar, M.; Islam, N. U. Organomet. Chem
1995 486 51. (d) Vatsa, C.; Jain, V. K.; Das, T. K.; Tiekink, E. R.
T. J. Organomet. Cheml991, 418 329. (e) Kovala-Demertzi, D.;
Kourkoumelis, N.; Koutsodimou, A.; Moukarika, A.; Horn, E.;
Tiekink, E. R. T.J. Organomet. Chen2001, 620, 194.

(30) (a) Gross, D. Cnorg. Chem1989 28, 2355. (b) Jain, V. K.; Mokal,
V. B.; Sandor, PMagn. Reson. Cheni992 30, 1158.

8590 Inorganic Chemistry, Vol. 42, No. 25, 2003

summarized in Tables 1 and 4, respectively. The molecule
(monoclinic,C2/c) adopts a centrosymmetric dimeric struc-
ture by virtue ofus-oxo atoms [Sn(H-O(3) = 2.066(5) A;
Sn(2-0(3)#1 = 2.068(5) A] which form the central R
SnO, core with planer SfO, ring. The methanesulfonate
groups associated with each endocyclic tin atom is uniquely
coordinated to Sn(1) and Sn(1)#1 atoms (exocyclic)in-a
fashion [Sn(2)-0(6) = 2.603(4) A, Sn(1)0(6) 2.632(4)

A] resulting in a ladder type structural motif. Each exocyclic
tin atom is also bonded to the carboxylate ligand f&gO}
chelation mode. The coordination geometry around the
endocyclic tin atoms is distorted trigonal bipyramidal with
the trigonal plane being defined by,@ donor set in each
case [C(23)Sn(2)-C(19)= 133.2(4}, O(3)-Sn(2)-C(23)

= 109.7(3}, O(3)—Sn(2)-C(19) = 109.9(3y] with Sn(2)
atom being deviated from the plane by 0.3099(5) A. The
axial position is occupied by O(6) and O(3)#1 atoms [G{6)
Sn(2)-0(3)#1= 145.88]. Each exocyclic tin atom adopts
distorted octahedral geometry with the equatorial disposition
of O(6), O(3), O(1), and N(1) atoms (sum of angtes360

+ 0.2°) and the two butyl groups [C(11)Sn(1)-C(15) =
145.2(4)] occupying the trans position.



Mixed-Ligand Diorganotin Esters

In conclusion, mixed ligand diorganotin estelrs6 are dimeric structural motif. The formation of stannoxare
accessible from the reaction of precursor tin compoungs, R represents the first example in which two different hemilabile
Sn(OMe)OS@Me, with the corresponding carboxylic acid.  functional groups bonded to the tin atom in the compoRnd
Although structural variations id and6 are evident due to  undergo hydrolysis in a selective manner. Crystal structure
ambidentate coordination of the ligands, strofiy,O} of 7 features an unprecedentegcoordination of methane-
chelation of the carboxylate ligands forming a five membered sulfonate group.
ring is invariably observed in their structural motifs. The
compoundsl—6 retain their structural identity in solution
and are stable toward disproportionation unlike the related
tin analogues derived from ethylmalonic/maleic/2-pyridine
carboxylic acidt2 The stability of1—6 may thus partly be Supporting Information Available: X-ray crystallographic files
attributed to strong chelation effect of the carboxylate ligands in CIF format. This material is available free of charge via the
as well as the ability of the co-ligand (methanesulfonate) to 'Ntemet at hitp://pubs.acs.org.
provide coordinative saturation around the tin atoms in the 1C035008z
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