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Abstract 

The tetradentate -N,O, ligands, [ N,N’-(1,2-ethylene)bis(salicylaldamine)] (SaleanH,) (11, [N,N’-(1,3-propylene)bis(salicylaldamine)] 
(SalpanH,) (2) and [N,N’-(1,2-phenylene)bis(salicylaldamine)] (SalophanH,) (3), were used to prepare Sn(I1) complexes that are 
monomeric (SaleanH,Sn (7), SalpanH*Sn (8)) and dimeric ([SalophanH,Sn],) (9)). The structure of 7 was determined by single-crystal 
X-ray crystallography: orthorhombic, space group pbcn with a = 19.849(4), b = 10.791(3), c = 18.559(5) A and Z = 8. Compounds 8 
and 9 undergo transmetallation reactions with three equivalents of AlMe, to produce the trimetallic derivatives, SalpanAlMe(AlMe,), 
(10) and SalophanAlMe(AlMe,), (11). 
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Multidentate Schiff base chelates, made from the 
condensation of a diamine with salicylaldehyde 
(SalenH,), have been used extensively in the prepara- 
tion of unimolecular Sn(IV) [1,2], and to a lesser extent, 
Sn(I1) complexes [2,3]. Based upon spectroscopic data, 
and in rare cases, X-ray analysis, these complexes have 
been demonstrated to adopt octahedral (SalenSnR,) and 
square pyramidal (SalenSn) geometries, respectively. In 
each case the ligand occupies the equatorial coordina- 
tion sites around the centra1 tin atom. A similar type of 
bonding arrangement may be available with the reduced 
version of these Schiff base ligands (SalanH,), shown 
in Scheme 1. However, these molecules wil1 be more 
flexible owing to the absente of the imine bond, and 
thereby, may accomodate a wider range of metal ge- 
ometries. Additionally, these can act as 2- ligands as for 
the Schiff bases, but may also act as 3- and 4- ligands 
by forming sigma bonds through the amine functionali- 
ties. 

We have been actively examining the unique and 
unusual complexes that form from the use of these 
ligands with the s and p black elements. For example, 
we have shown that Zn(I1) complexes of 2, 5 and 6 
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adopt dimeric structures in the solid and solution state 
[4]. Additionally, we have prepared a series of com- 
plexes between 2 and AlMe, in stoichiometries of 1 : 1 
(SalpanH,AlMe), 1: 2 (SalpanAlMe(AlMe,)) and 1: 3 
(SalpanAlMe(AlMe,),) [5]. The trimetallic gallium 
complexes, SalanGaMe(GaMe,), where Salan = 1, 2, 5 
and 6 have also been reported [6]. 

In the present work we continue this study to include 
complexes of Sn(U). Thus, the synthesis and characteri- 
zation of SaleanH,Sn (7), SalpanH,Sn (8) and 
SalophanH, Sn (9) are reported. Monomeric structures 
for 7 and 8 have been determined by single-crystal 
X-ray analysis and spectroscopic data, respectively. The 
data, however, suggests a dimeric structure for 9. These 
are the first reported complexes of Sn(U) with the 
SalanH, class of ligand. 

Compounds 7-9 were prepared by the following 
genera1 method. To a stirring solution of the ligand 
(7.34 mmol) in refluxing methanol (50 ml) was added 
NEt, (14.69 mmol). After stirring for 5 min a solution 
of SnCl, (7.34 mmol) in refluxing methanol (15 ml> 
was added over a period of 5 min. The nearly colorless 
ligand solution turned yellow upon addition of the 
SnCI, solution. The solution was allowed to reflux for 
35 min at which point it was filtered while hot to 
remove a smal1 amount of insoluble material which had 
formed. After cooling to 25 “C the solution was stored 
at -30°C for 15 h during which time the product 
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Scheme 1. A listing of the SalanH, ligands used in this study and mentioned in the text. 

appeared as pale yellow needles (for 7) or as a pale 
microcrystalline solid (for 8 and 9). The products were 
isolated by filtration, washed with three portions of cold 
MeOH (5 ml), and dried at 25°C for 3 h to give 7, 8 and 
9 in 71%, 50% and 63% yield, respectively. Com- 
pounds 7 and 8 were soluble in a wide range of solvents 
including benzene, toluene, MeOH, DMSO and THF. 
However, 9 proved to be completely insoluble in these 
and other solvents. As such, solution state data were 
unavailable. 

Previously reported zinc [4] and aluminum [5] com- 
plexes of 1, 2, 5 and 6 indicated that the ligands 
maintained a rigid solution state geometry. This was 
evidenced by methylene groups that possessed inequiva- 
lent protons (PhCH,H,) and were thus manifested as 
doublets of doublets. A similar type of solution-state 
behavior was not seen for 7 and 8. Rather, the ‘H NMR 
data [7] for these complexes exhibited broad resonances 

with no resolved coupling. Collection of the NMR data 
at -80 “C did not appreciably affect the spectra. For 7 
there are two broad singlets at 3.58 and 3.81 ppm which 
can be attributed to the PhCH, groups and two broad 
singlets for the NCH, groups at 2.75 and 2.95 ppm. 
The inequivalence of the 0 and N atoms that this data 
implies is also evident in the solid state structure (vide 
infra). For 8, the proton NMR did not reveal this type of 
inequivalence, and the methylene groups appeared as a 
broad singlet at 4.00 ppm while the propyl hydrogens 
appeared as two broad multiplets at 2.25 and 3.19 ppm. 
This may be indicative of a more fluxional ligand 
environment for 8 compared with 7. The NH groups 
were confirmed by the presence of broad singlets at 
4.42 and 4.35 ppm for 7 and 8, respectively. 

The l19Sn NMR of 7 and 8 demonstrated singlets at 
-523.6 and - 521.3 ppm, respectively, which fa11 in 
the range of shift values corresponding to 4-coordinate 

Fig. 1. Molecular structure and atom numbering scheme for 7. Selected bond lengths <A> and angles (“1: Sn(l)-O(l) 2.095, Sn(l)-O(2) 2.202(6), 
Sn(l)-N(1) 2.535(9), Sn(l)-N(2) 2.369(8), 0(1)X(l) 1.348021, O(2)-C(16) 1.328(14), N(l)-C(7) 1.482(14), N(l)-C(g) 1.477(13), N(2)-C(9) 
1.468(15), N(Z)-C(10) 1.500(14); O(l)-Sn(l)-O(2) 78.7(3), O(l)-Sn(l)-N(l) 80.0(3), O(2)-Sn(l)-N(1) 141.9(3), O(l)-Sn(l)-N(2) 101.7(3), 
O(2)-Sn(l)-N(2) 81.9(3), N(l)-Sn(l)-N(2) 72.0(3), Sn(l)-O(l)-C(l) 115.5(6), Sn(l)-O(2)-C(16) 117.9(6), Sn(l)-N(lkC(7) 113.1(6), 
Sn(l)-N(l)-C(8) 106.4(7), Sn(l)-N(2)-C(9) 113.1(6), Sn(l)-N(2)-C(10) 113.8(6). 



‘11 pue 01 ‘sage+ap umu!mn~e ag~e~arny aqj plat& 01 6 pue 8 30 uogelle,amsuel~ ‘z awaqag 

‘(2 au=m) 
AIag~adsa~ ‘8mN US,,, Aq pue AIaapwIenb paz;nal 
-~.wq~ alaM qqq~ ‘“anus pue (0)~s alaM smpoJd-Aq 
aql :[s] (TI) z(%wp~~~rldo~eS p=e (01) Z(zwv) 
-anIvwtdIeS ‘saxaIduro3 ~;rIIe$aug aql aJaM uo!peaJ 
s!ql 30 spnpold U~II ay,L *pammo uo!peal UO~EIIE 
-jaumeq ueaI3 e ‘auan %u!xrqjaJ u! Eanw JO (I~UII.LI 
ZL~) smaIe+nba c 911~ pau!qwoD qDea alaM (Ioum 
pZ.1) 6 PW 8 UalJM ‘laA3MOH 3Z!J3J%‘lL’lJ3 01 J1”XJJ!p 

alaM jeq] samlx!w ImpoJd 01 paI 3, SZ le haworq~jols 
s : 1 pue ‘Z : 1 ‘1: 1 e UI Eamw pw fj-L uaaM]aq suog 
max ‘6--~ .103 ~~03 pIno saxaIdwo3 aseq/p!De yMa 
Iwop!pe~i 3’ aas 0~ snofm3 alaM aM ‘snqL *[OJ] 5(oa) 
-13 t ~k?ew~] saxaIdtuo3 louop aql pIark 01 JHJ,~(()~) 
--ra yprn (auaInuue--[pl] ezee4a9~qlauIella~ozuaq!p 
= etgu.I1 ‘US ‘af) = JAI) (~~)www 30 uoym aqi 
s! aIdurexa aIqeiou au0 ‘[6] paqsqqelsa IIaM s! suoqDaIa 
30 s.r!ed auoI (11)~s pue (II)ag 30 A~yq!ssam ay,L 

‘&) p.611 SI ampnm s!ql UI aI%e 
puoq IsaprM au .aueId ‘oZN aql aaoqe v 9~1.1 u~ole 
=s aql P=e sp=oq V(OT) 9KZ) N-‘JS Pu+if(f3) LU’Z) 
041s luaIe+nba ip;r~ hauroa8 IepyumA&a.wnbs 1? 
UI sj uro~e US aqi arn~cmls s!qj UI ‘[cl (owy!auapghI 
-es).sy(auaIhaqd-Z‘t-IAqlamp s‘P)-,N‘N = uaqdwoIeS) 
(II)usuaqduropyg ‘xa@u.m aseq gq3s (11)~s panw 
e q!!M pa.n?duroD aq Aeu.~ arnpmls syu ‘sal!s IejIownba 
aq$ Ldnmo suowaIa JO I!ed auoI US aqj pue (Z)N ‘(I)o 
pue suogsod Iyxe aql hdnmo swo]e (1)~ pue (Z)o 

aq3 uogem8~3u03 syql UI *US punole hlauroa2 uoymp 
-1003 IepywwAd a.nmbs aq1 u! uog.ro~s!p IeppmIAd!q Ieu 
-osPi e 30 aA!l”3!P=! s! s!rlz ‘(,(E)6’Tt71 (I)N-=S-(Z)O) 
aI8ue puoq asnlqo ISOW aq) 2?u~m~o3 su10w aql apnI3ui 
osIe ((QN pue (Z)O 01) samwyp asaqj 30 isa%oI 
aqL ‘sq@uaI P=o‘l (L$3)69CZ (Z)N-=S P=e (6)SG’Z 
(I)N-=S) N-=S P=e @’ (9)ZOZ.Z (Z)O-US P=e (L)SóO’Z 
(r)o-US) o-US aql UI suogey~ ~wm3~u8~s ale alau 
‘Z ‘%J U! UMOqS Sy h&XIIOai? S!qJ %!z!seqduIa MajA 

Itmwu~s v *aueId Z~ZN aql ~1013 v 80.1 paDeIdsyp s! 
wole US au *uoy!sod Ie!xc aql u! .$?d auoI US aql puv 
aueId Isseq aql %I~JOJ pue%I ueaIeS aq$ q)fM klatuoa8 
Iepywdd alenbs e sldope UIOIR US arLI, y 98.2 si l!un 
uSzHueaIeS aql pue saInDaIow asaqt 30 ‘au0 uaamaq 
mv.10~ rsavoqs aqL y vs.1 JO amiwp e jt? Jaq qDea 
04 papuoq ua8olpAq an2 qD!qM Hoan JO saIn3aIom 
0~3 ale alaql a.m]Xuls Ie]sh aql UI wogdm am%3 
aql as!rduIoD saI%e pue samejs!p puoq palDaIaS ‘1 *fly 
ui uhoqs sr amaqDs %!~aqumu r_uo~e pue ampmls .teI 
-maIouI aqL *dep 1 103 &,Os - le lday uaaq pvq qD!qM 
HoaN u10.13 UMOI~ alah s~s@ue Aw-x 103 aIqel!ns 
L JO sIewA~~ ‘[s] ((ow~w~auap~IhIm(ILuaqdop~xo-Z) 
-N = doIrJS) Z[(doIeS)uS] st! qms saxaIdmo3 (11)~s 103 
pue [p] Z[u~zHu~qdoIeS] SC saxaIduIo3 (II)XI!Z qms 103 
uaas ammws JO ad6 aum aql aq pInoM s!qL w,uo~e 
uS oMI aql sa8pyq pue%I qDea JO ua%xo ut q3!qM 
ui a.wm.w E 01 asn a@ AIqeumsa~d pInoM s!qL *uogeI 
-mulo3 D!lau.np e 01 papuodsano3 yead ssew lsaq%q aql 
‘JaAaMoq ‘6 JOJ easeqd se8 aql IJ! sa!Dads c+awouow 
01 puodsano3 8 pue L 103 [S] elep Iwads SSBUI aqL 

‘[EI (udd m%-) (wdowps P=E 
(wdd pOy9s - ) (uaIES)uS saxaIduro3 a)euyprooD-p aql 
103 uaas leql ql!M LIasop aledwo3 sanIt?A asaqL ‘(@US 

‘suowala 30 +ed auot (11)~s aql30 uogyod aql %u!z!seqdma L 30 May ~emlan~ls v ‘Z %,J 

93 



D.A. Atwood et al. / Journal of Organometallic Chemistry 503 (1995) C4-C7 Cl 

gous reactions can also be used to prepare trimetallic 
gallium derivatives, for which a transmetallation-type 
synthesis has yet to be established. 

In conclusion, we have shown that a new and inter- 
esting chemistry is available for the SalanH, class of 
ligands. There is a significant trigonal bypyramidal 
distortion for Sn(I1) on going from SalenH 2 to SaleanH,. 
Additionally, the Sn complexes undergo unusual trans- 
metallation reactions with AlMe, to form trimetallic Al 
derivatives. Future research wil1 be focused on deter- 
mining the solid state coordination geometry of Sn(H) 
with ligands 2-6 and on determining the mechanism by 
which the trimetallic derivatives are formed from these 
tin complexes. 
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Supplementary Material 

Tables of bond lengths and angles, positional param- 
eters, anisotropic thermal parameters, observed and cal- 
culated structure factors and a unit cel1 view of 7 are 
available from the authors on request. 
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[7] Spectroscopic and physical data for 7: Mp. 135-140 “C (dec); 
‘H NMR (270 MHz, D,-DMSO, 25 “C): 6 2.75 (s(br), 2H. 
NHCH,H,), 2.95 (s(br), 2H, NHCH,H,), 3.58 (m(br), 2H. 
PhCH,H,), 3.81 (m(br), 2H, PhCH,H,), 4.42 (s(br), NH), 
6.48(t, 2H, PhH), 6.62 (d, 2H, PhH), 7.02 (m, 4H PhH). 13C 
NMR (67.94 MHz, D,-DMSO, 25 “C): 6 47.1 (NHCH,), 50.6 
(PhCH,), 115.7 (PhH), 118.3 (PhCH2), 120.4 (PhH), 126.4 
(pho), 129.6 (PhH), 130.4 (PhH). ‘19Sn NMR (D,-DMSO): 6 
- 523.55 (s). IR (KBr, cm-’ ): 3281 (m), 2922 (m), 1596 (s), 
1568(s), 1478(s), 1454(s), 1262(s), 1191(w), 1147(w), 1108 
(m), 1037(m), 879(m), 780(s), 730(s). MS (EI, 70eV): m/ e 
280 (M+-OPhCHz-2H), 236 (M+-SnOz-2H). Analysis: calcd 
(found); C 47.72 (47.71), H 5.78 (5.83), N 6.44 (6.18). 8: Mp. 
193-197 “C; ‘H NMR (270 MHz, D,-DMSO, 25 “C) 6 2.25 (br 
S, 2H, CH,CH2), 3.19 (br s, 4H, NCH,), 4.00 (br s, 4H. 
PhCH,), 4.35 (br s, 2H, NH), 6.78-6.93 (m, 4H, Ph-H). 
7.30-7.43 (m, 4H, Ph-H); 13C NMR (67.94 MHz, DMSO-d,, 
25 “C) 6 22.8 (CH,CH,), 49.5 (NCH,), 51.5 (PhCH,), 114.9 
(Ph), 115.1 (Ph), 120.3 (Ph), 129.0 (Ph), 129.6 (Ph), 163.0 (Ph): 
IR (KBr, cm-’ ) 3258 (m), 2916 (s), 1596(m), 1475(m), 1445(s), 
1267(m), 871(m), 761(s) cm-‘; MS (EI) m/e 403 (M’ ), 297 
(M+-CH2PhO), 240 (NCH,PhOSn+ ), 120 (NCH2PhO+), 106 
(CH,PhO’ ). Analysis: calcd (found); C 50.67 (50.28), H 4.97 
(5.20) N 6.95 (6.58). 9: (Mp. 141-143 “C (dec)). IR (KBr, 
cm-‘): 3287(m, br), 2907(m, br), 2795(m), 2365(w, br), 
1593(w), 1447(w), 1400(w), 1258(w, br), 1103(w, br), 1024(s). 
939(w), 756(w, br), 542 (s, br) MS (EI, 70eV, m/e) 871 (M+. 
dimer), 690 (dimer-2PhCHa), 388 (dimer-2PhCHz + 2PhNz + 
PhCH?), 285 (SnaO,), 151 (SnO,). Analysis: calcd (found); C 
54.96 (54.58), H 4.15 (4.46) N 6.41(6.18) 
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