J. Am. Chem. S0d.997,119,1145-1146 1145

Synthesis and Crystal Structure of an
Unprecedented Tin(Il)—Tin(ll) Donor —Acceptor
Complex, RN,Sn—SnCl, [RN = CH(SiMe3)CgHgN-8]

Wing-Por Leung,* Wai-Him Kwok, Feng Xue, and
Thomas C. W. Mak

Department of Chemistry
The Chinese Unkrsity of Hong Kong
Shatin, New Territories, Hong Kong

Receied August 1, 1996

The redistribution reaction of Sn£With homoleptic tin(ll)
compounds SnR[R = CH(SiMe;);] leading to SnRCl, and Figure 1. Molecular structure of showing the atom-labeling scheme.
Sn, or to (RSNCl), [R' = C(SiMe&;),CsH4N-2, n=10or R = The thermal ellipsoids are shown at 35%. Selected bond distances (A)
N(SiMes),, n = 2], have been reported by Lappert and and angles (deg): Snpn(2) 2.961(1), Sn(f)N(1) 2.400(6), Sn-
co-workersk2 The reaction mechanism was proposed to involve (1)—N(2) 2.421(7), Sn(ZyC(10) 2.200(8), Sn(})C(23) 2.203(8), Sn-
transition stateA for R~ capable of functioning in a bridging ~ (2)—Cl(1) 2.468(3), Sn(2)CI(2) 2.440(4); Sn(2) Sn(1)-N(1) 99.4(1),
mode, such as [C(SiMpCsH4N-2]~ and transition stat® if (Slr;(zc):_(fg)(lﬂglézé )10I\12(f§28) (’\igiz?{‘é)l);s"‘%%)liﬁg(zs) (Sln%(zggg)

— ioning i - - .6(2), n 7(2), n
R~ is a nonfunctioning ligand such as [CH(Sipg . 92.2(3), Sn(2)Sn(1)-C(23) 140.4(2). N(1}Sn(1)-C(23) 89.7(2).
N(2)—Sn(1)-C(23) 74.9(3), C(10}Sn(1)-C(23) 100.1(3), Sn(HSn-

RNy ' o | (2)—CI(1) 91.8(1), Sn(1}Sn(2)-ClI(2) 96.3(1), CI(1}-Sn(2)-Cl(2)
o—si s msi sn 94.5(1), Sn(1}C(10)~C(7) 109.6(5), Sn(1)C(23)-C(20) 108.1(6).
‘R’ \Cl,’
A B Y/ ’

We have performed similar reactions between S(= F,
Cl, Br, I) and SnR, [RN = CH(SiMe3)CgHgN-8] under different
experimental conditions. The final products obtained after
refluxing the reaction mixture fo2 h were SniRX, [X = F
(6), CI (7), Br (8), 1 (9) ] and tin metal (Scheme 1). The
mechanism for the reaction seems to match the route involving

transition staté\. However, when the reaction was performed N

under a milder condition with neither reflux nor heating, the N 1a

reaction products BSn—SnCh (1) and R'SnBr @) were —

isolated respectively for reactions of 9Rith SnCh and

SnBp. Further refluxing ofl and4 has led to the formation of AYSn —=SnCl, —— R",Sn=SnCl,

the final products Sn’X, and Sn. In view of the solid state

structure ofl, we suggest that the redistribution reaction of 1b

SnRY; and SnC proceedsia the “head-to-head” approach of

SnRY; and SnCJ to form the donoracceptor compleg, which compounds are SBr=SnR and ALSN—SnAr; [Ar = CgHo-
is a preliminary intermediate to tha@-Cl), bridging transition (CRs)s-2,4,6]34

state as proposed earlierThe complex R;Sn—SnX, will then The single-crystal X-ray structure df with selected bond

undergo ligane-halogen exchange to form another intermediate distances and angles are shown in Figufe The alkyl ligand
compound, RSnX, which can proceed to SHEX; at higher RN is bonded in a C,N-chelate fashion to the Sn(1) atom which
temperaturevia transition stateA. Alternatively, at higher adopts a pentacoodinate square-pyramidal geometry. The Sn-
temperature the redistribution reaction may proc@adransi- (1) atom is bonded directly to Sn(2) of the Sp&hgment with

tion stateB with the dissociation of the SrSn interaction. In a Sm—Sn distance of 2.961(1) A, which is significantly longer
the present case, the vacant orbitals are conceivably occupied
by the nitrogen lone pairs from the quinolyl ligands. Hence, _ (3) Goldberg, D. E.; Hitchcock, P. B.; Lappert, M. F.; Thomas, K. M.;

: - Thorne, A. J.; Fjeldberg, T.; Haaland, A.; Schilling, B. ERChem. Soc.,
SnRY, behaves as a Lewis base and favors formation of a Dalton Trans.1986 2387.

donor-acceptor type complex by donating a lone pair fromits  (4) Lay, U.; Pritzkow, H.; Grutzmacher, Hl. Chem. Soc., Chem.
sp? orbital to the vacant porbital of the Lewis acid SnGl The Commun.1992 260.

P ; (5) Leung, W.-P.; Kwok, W.-H.; Law, L. T. C.; Zhou, Z.-Y.; Mak, T.
bonding involved differs from the doneacceptor double bond v/ 3 crgm. Soc., Chem. Commag96 505.

as described for Bn—=SnR. On the basis of the structural (6) Rundle, R. E.; Olson, D. Hnorg. Chem 1964 3, 596.
data, compoundl is best represented as a donacceptor (7) Crystal data forl: CaeH32CloaN2SizSry, FW = 737.0, monoclinic,

complex (La) with a single bond linking the tin atoms or in (Szp)agfgrozufgé/%(llzlfj.l\?);:ag,zoéé'g(s{")(z 2 i’gé?égé’)aﬁ“ffsésiigi"
terms of valence bond structutd with a Sn—Sn bond order 1.603 mg m3; 4 = 1.907 mnT?, 20mayx = 50°, N = 5376,N, = 2933,R

that slightly exceeds 1. = 0.040, wR= 0.042. A selected single crystal was sealed in a Lindemann

i ; lass capillary under dinitrogen and X-ray intensities were measured on a
CompoundL is the fIrSt.example of a stable doneacceptor %\]/ISC/Rig%ku XFC? diﬁractong1eter using m)cl)nochromatized Mao&diation
complex petween two tin centers that has . bee_n structurally (1 = 0.71073 A, 50 kV, 150 mA) from a rotating anode generator.
characterized. Other known examples of dimeric stannylene Computations were performed using SHELXTL-PLUS program package
(Sheldrick, 1985, 1990) on a PC 486 computer. The structure was solved
(1) Jolly, B. S.; Lappert, M. F.; Engelhardt, L. M.; White, A. H.; Raston, by direct methods and refined by full-matrix least-squares with anisotropic

C. L. J. Chem. Soc., Dalton Tran&993 2653. thermal parameters for the non-hydrogen atoms. The hydrogen atoms were
(2) Chorley, R. W.; Hitchcock, P. B.; Jolly, B. S.; Lappert, M. F.; placed in their idealized positions and included in structure vector
Lawless, G. AJ. Chem. Soc., Chem. Commu991, 1302. calculations with assigned isotropic temperature factors.
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Scheme 1
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@ Reagents and conditions: (i) Sy HF, 25°C, 30 min; (i) SnX,
THF, 25°C, >2 h; (iii) SnXz, THF, reflux; (iv) THF, reflux; (v) THF,
25°C, >2.5h.

than the similar distance of 2.768 A if(MesSi),CH} ».Sn=Sn-
{CH(SiM&3)2} 2] (10) and much shorter than the distance of
3.639 A in ALSN—SnAr, (11).34 The fold angle (defined as
the angle between the Sisn vector and the Sngplane) is
83.3 which is about twice as large as the fold angles df ihl

10 and 46 in 11. This is presumably due to the less-bulky
chlorine atoms. The plane containing C(10),Sn(1),C(23) is
nearly perpendicular (9229to the plane of CI(1),Sn(2),CI(2),
which is consistent with the bonding model as describethin
The Sn-C distance of 2.202 (av) A and SiN distance of 2.411

A are significantly shorter than the corresponding distances of
2.263 (av) and 2.506 A in the parent compound %R This
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in 1, which is more downfield than the signal 6f141.73 for
the starting compound SAR® This downfield shift is a
consequence of reduction of electron density at Sn(1) center
due to its donor bonding to SnCl Somen-backbonding from
the lone pair of Sn(2) to vacant d orbital of Sn(1) is also possible.
With reference to thé1°Sn NMR chemical shift of SnGI(6
—388) reported in the literature, the signabat-637.19 inlis
assigned to Sn(2) of the SnCragment!® Furthermore, we
have carried out'°Sn NMR experiments to monitor the the
reaction of Sni®, with SnCh in THF solution and found that a
peak atd 327.02 emerged in addition to the peaks dud.to
after 2 h. This peak is assignable t§$nCl, when compared
with the reported chemical shifts for&Cl ¢ 350.6} and those
of RNSnBr (¢ 353.67) and RSnl (¢ 386.03) in this work. In
the similar experiment with SR and SnBj, peaks ato
1425.45 and—504.66 assignable toNzSn—SnBr and ato
353.67 due to RSnBr were observed. However, attempts to
isolate the pure form of ®Sn—SnBr, has not been successful.
The stability of R'SnX (3—5) is attributed to the sterically
hindered N-functionalized alkyl ligand R Compounds of
similar nature such as'BnX [X = Cl, N(SiMe3);] and Me-
Si(NBWH(NBU)SNnX (X = Cl, Br, 1) had been reported4 In
contrast, the tricoordinate silylené’ReSi: [R' = 8-(dimeth-
ylamine)-1-naphthyl] generated by thermal degradation has only
been trapped as a pentacoordinate 1,2-disilacyclobut-32ene.
Compoundg—9 have been characterized by elemental analysis,
NMR and mass spectroscopies, and X-ray crystallography, and
the results will be reported in elsewhere.
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is presumably a consequence of reduced electron density at the (12) Barrow, M.; Bugi, H-B.; Camalli, M.; Caruso, F.; Fisher, E.;

Sn(1) center due to donation of its lone pair electrons to $nCl
The Sn-Cl distances of 2.468(3) and 2.440(4) Alimre shorter
than the SrCl distance of 2.78 A in the layer structure of
anhydrous tin(ll) chloridé. However, it is comparable to the
Sn—ClI distance of 2.459(9) A in the SnCtomplex [ PhP-
(CHy)4PhIrCI(CO)} o u2-SnCh} 18 and the average SrCl dis-
tances in the Sngt complexes [Snk]2H[SnCk™], [ LT =
1,4,7,10,13-pentaoxacyclopentadecane] [2.500(29 &L
Cl]*[SnCk] [L 2 = 18-crown-6] [2.481(4) A [Mo(dmpe)-
Cl,][ SnCls7] [2.453(3) A] 1 [AgL3][ SnCl7] [L 3 = 2,11-bis-
((diphenylphospino)methybenzgphenanthrene] [2.498(3) AR
The11%Sn NMR spectrum ol in THF/benzeneds displayed
two singlet signals ab 1264.44 and-637.19, respectively. The
peak atd 1264.44 is assigned to Sn(1) of the ShRagment

(8) Balch, A. L.; Neve, F.; Olmstead, M. Mnorg. Chem.1991, 30,
3395

(9) Hough, E.; Nicholson, D. G.; Vasudevan, A.X.Chem. Soc., Dalton
Trans.1989 2155.

(10) Drew, M. G. B.; Nicholson, D. GJ. Chem. Soc., Dalton Trans.
1986 1543.

(11) Fong, L. K.; Fox, J. R.; Foxman, B. M.; Cooper, Nlrbrg. Chem.
1986 25, 1880.

Venanzi, L. M.; Zambonelli, LInorg. Chem.1983 22, 2356.

(13) Mason, JMultinuclear NMR Plenum: New York, 1987; p 315.

(14) Veith, M.; Jarczyk, M.; Huch, VChem. Ber1988 121, 347.

(15) Tamao, K.; Nagata, K.; Asahara, M.; Kawach, A.; Ito, Y.; Shiro,
M. J. Am. Chem. Sod 995 117, 11592.

(16) Preparation of R;Sn—~SnCk (1). A solution of SnR, (0.61 g, 1.11
mmol) in THF (ca 80 mL) was added slowly to a solution of Sn@L.21
g, 1.11 mmol) in THF (ca. 50 mL) at room temperature. The yellow mixture
was stirred at room temperature for 30 min. It was then concentrated
vacuoto ca. 30 mL and kept at30 °C for 2 days to afford yellow crystals
of the title compound, 0.29 g yield (70%); mp 22858 °C. Anal. Found:
C, 42.29; H, 4.30; N, 3.69. Calcd. for,g3,SibN,SnCly: C, 42.37; H,
4.38; N, 3.801H NMR (CgDs, 250 MHz): 6 0.29 (s, 18H), 1.41, (s, 2H),
6.56-6.65 (m, 2H), 6.7+6.74 (m, 2H), 6.936.98 (m, 4H), 7.357.46
(m, 2H), 8.28-8.29 (m, 1H), 9.33-9.35 (m, 1H).11°Sn NMR (THF/GDs,
186.5 MHz): 6 —637.19 (s), 1264.44 (sPreparation of SnBr(R (2). A
solution of SnR; (0.93 g, 1.70 mmol) in THF (ca. 80 mL) was added
slowly to a solution of SnBr(0.47 g, 1.70 mmol) in THF (ca. 50 mL) at
room temperature. The resulting orange mixture was stirred for 18 h at
room temperature. It was concentratedacuoto ca. 30 mL and stored at
room temperature and orange crystals were obtained (0.65 g, 93%); mp
185-6 °C (dec.). Anal. Found: C, 37.51; H, 3.90; N, 3.42. Calcd. fesC
H16SINSNnBr: C, 37.81; H, 3.91; N, 3.39H NMR (CgDs, 250 MHz): &
—0.10 (s, 9H),—0.05 (s, 9H), 2.47 (s, 2H), 6.34 (dd= 8.4, 4.8 Hz, 2H),
6.84 (d,J = 7.8 Hz, 2H), 7.23 (dJ) = 7.4 Hz, 2H), 7.30 (dJ = 8.3 Hz,
2H), 7.91 (d,J = 4.3 Hz, 2H).11%Sn NMR (THF/GDs, 186.5 MHz): 6
353.67 (s).



