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Abstract 

Although derived from the well.known and heavily utilized SalenH2 iigands, the SalanH4 
ligands (N,N'.bis(o.hydroxybenzyl).o-diaminoalkyl (or aryl )) have not been historically develo 
oped with regards to the main group elements. This situation has been drastically changed 
over the past four years, with the report of new complexes of the SalanH4 ligands incorporating 
the group 12, 13 and 14 elements. This review will outline the various types of complexes 
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that are currently available as well as provide guidance for future studies. Complexes having 
a metal-to-ligand stoichiometry of 1:1, 2:1 and 3:1 are known. The i: 1 complexes are of two 
types. They include the group 12 and 14 elements SalanH2M (where M = Z n  and Sn), and 
the group 13 dements, SalanH2MR (whe~ M=AI; R=Me).  The structures of the zinc 
compounds are characterized by the incorporation of significant numbers of hydrogen bonded 
solvent, The second type are the unique anions of formula, [SalanAI(Li(THF)2)h. The 2:1 
complexes, SalanHMR(MRz) (where M=AI and R=Me,  NMe2) can adopt one of two 
isomeric (cis or trans) forms. The heating of concentrated samples of some of these leads to 
the formation of the dimenc condensation products, [SalanMR (MR:)]2. The 3: I complexes, 
SalanMR(MRz)z (where M ~ AI, Ga; R = Me, Et, ~Bu) can also adopt either acis or a trans 
geometry. ~ e  s~troscopic charactefi~tion of the trimetallics shows them to be non- 
fluxional in solution. Moreover, tho~ that incorporate either Salophan or Salomphan exhibit 
anisotropic ring current effects. © 1997 Elsevier Science 5~A. 

I .  |ntrod~fion 

As derivatives of the ubiquitous SalenH2 ligands [I], the SalanH4 ligands are 
relatively easy to prepare and can ~ isolated in high yields (Scheme I) [2]. They 
pos~:ss four sites (two NH and two OH) that may ~ used in either covalent or 
coordinate covalent bonding to one or ~veral metals. The pro~rties of the ligand 
may ~ rnanipulat~ by changing the alkyl or aryl group, R, making up the "back- 
bone" of the diamine, or by changing the groups, R' and R" (Scheme 1). A listing 
of the Mtter known mernMrs of this ligand class is shown in Fig. i. 

A trivial nomenclatu~ fbr the~ ligands is ba~d t.llx~n the traditional naming of 
the SalenH~ ligands. SalanH4 is the root name. The most simple abbreviation for the 
group eon:n~ting the di~lmine is then in~rt~J I~tw~n the "r '  and the second "a". 
Fbr example, the ethyl deriv~ltive is known as Saieantt4, the propyi as SalpanFI4, and 
so on lc r those containing alkyl gw'oupso . . . . .  No|e th;lt tile corresponding . . . . . .  S,a!cal ~ !~ detivao 

/ \ 

~ ~ n l h  

Fig, l, [~piclion of the s~ifi¢ SalanH~ ligands de.r ind in Ibis rcview~ 
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Scheme i. Gcncr;~l s}mhesis of lhe S~flanH.~ lig~mds. 

fives are known as Salentl: and Saipentt~. The main point of confiision in this system 
of nomenclature arises fi'om |he facl thai the general designation, SalenHz, is also the 
sp~.~ific name of lhe ethyl derivative, When an aryl t~ackbone is utilized the name 
becomes Saiophanl|4 tbr o-pllenyl and SalomphanH4 for o-( 3,4-dhnethyl }pheny!. The 
corresponding SalenH2 ligands are called Salophen|t, and Sakmlphentt2. When the 
ligand has a substituenl on tile phenol ring, the abbrevialion tbr the substituent is 
pl~lced in parenlheses, t:or exalaple, tile Salean(~Bu)lt4 ligand is N~N'bis{2,4-di-tert° 
butyl-l-hydroxyphenylene~ diamim~e|hane. 

A growing number of lransilion metal complexes are known Ibr lhesc ligands [3]. 
°l'llese complexes nfighl I~, expcc|ed Io otl~,r a unkluc i|!sighl hllo how llle Sala|l ligand~ 
wolfld c~ordmate Io a main group elemenl, llowever, mos| oF lhen! undergo sponla- 
n¢oLIs oxid~flion and Jbrnl Ihc me|al Stllen conlplcx when expt~sed |o lhe ~ir~ In one 
exceplion~d inslance, partially o×idized species, [SaianHlg,~{)M¢]o~, I Salan~Sa!ophan 
and Salomphanl were isola|ed {Schenle 2b)[4]. Thus, lhe ll'ansifion melals are of 
lessened u|ilily in allenlpls Io elucida|e lhe binding of mclals by Ihe Salan ligands. 'l'he 
main group elements apt~ar to otl~r lhe most promise tbr the isolalion of stable 
compounds incorporating these ligands. This lvview will describe lhe v;~rious classes of 
main group complexes that have been reported using the Salan class oF ligand. 

Z. Comp|exes having a me|al=ligand stoichhJmetry of !: I 

2.1. Group 12 comph'xes, S a h m t l , M  ~ M = Z ,  ) 

The first smmcturaily characterized Salen complex of zinc was SalenZn0 |120 [51. 
|:'~llowmg the deaerminafion of the bondh~g arrangement around the zinc atom ha 
carbonic anhydrasc (CA } the design of ligands able to cnlb;°ce a coordination number 
of live became hnportant. 1 tc SalenZn. ltzO complex, however, was never e×amii~ed 
as to ils relevance to CA or olher zinc-containing enzymes [6]. This may be attributed 



270 D. ,4. A twood/Coordination Chemistry Reviews 165 (1997) 267-296 

~ H  . . / ~ ' ~ . .  H H 

0 S X O ~  
1/202 

-H20 

{c) 

~b) 

~heme 2. Conversion of SalanHv4ransifion metal comple×es (a) to the partially (b) and fully (c) dehydro- 
genat~ complex. 

to a combination of the inflexible planar coordination mode of the Salen ligands (the 
zinc atom in CA is in a distort~ tetrahedral geometry) and the fact that Salen-main 
group complexes are generally in~luble in most common solvents (toluene, diethy- 
lether, hexane, for example}. In efforts to provide a more flexible coordination 
geometry around zinc, the ~ lan  ligands were explored in this context [2]. 

~protonat ion of the ' SalanH4 ligands with ex~ss NEI~ in MeOH, followed by 
addition of anhydrous ZnCl2, generally resulted in a clear solution with a small 
amount of white pr~ipitate (~heme 31). Stor~,,ge at ~ 30 '*'C for 6~ 12 h, followed by 
filtration, resulted in high yields of the zinc~4igand complexes, [SaleanH2Zn]2 (1), 
[SalpanH2Zn]~ (2), [SalbanH~Zn]~ (3). [SalhanH2Zn]~ (4). [SalophanH~Zn]~ (5) 
and [SalomphanH:Zn]~ (6), 

| . Mc4)H~ A $ rot# 
~Sa~aH~, 2 E~9 

- g {HN~2t~ICi 

~heme 3. (?~aeml synlhesi~ of the ~m¢ c~mplexes { 1 6 L 

Solution state studies were hindered by the relative insolubility of the zinc com- 
plexes. The solubility of complexes with alkyl backbones (compounds I-4)  in MeOH 
fell in the range of 0.3 0.6 g L °t. As a result, the proton NMR st~ctra at 25 "C 
generally displayed broad resonances. However, the aryi derivatives 5 and 6 were 
very soluble in DMF and were. lhus~ amenable |o detaik.~t NMR studies. In the 
tH NMR s ~ i r u m  of the aryl derivatives in D~-DMF at 25 '~C, the phenyI-H 
~sonan~s ~x~ur as a series of thr~  broad ~sonances, and the methylene resonance 
as a broad sing!et. Upon cooling, the broad resonances for the phenyl protons ~gan 
showing mo~ ~solved coupiing~ ~aehing a maximum in resolution a~ - 6 0  '~C. At 
this tem~ra tu~ there were eight multipiets for the Ph-H protons, as well as two 



19. A, Atwood / Coordination ¢~hemistrv Review~ 165 (1997) 267-296 271 

doublets and two triplets for the methylene protons. For the Saiomphan derivative 
there were two sharp singlets for the Ph-Me groups. This data is consistent with 
the maintenance of a dimeric species in solution. At ambient temperatures they are 
fluxionai. 

Crystal structures were determined for 2 and 5. Each was crystallized from hydrous 
methanol. The Salophan derivative was also crystallized from DMF. Each structure 
contained varying amounts of solvent in the crystalline lattice. For 2 there were four 
MeOH and three H20 molecules. Compound 5 contained two MeOH molecules 
and one HaO in one structure and five DMF molecules in the other. 

The solvent-dimer distances within these structures are somewhat short. There 
are two in 2, between an HaO and the phenyl ring (2.317 A), and the methyl group 
of a MeOH and O(1) of the ligand (2.753 A). The O(1) atoms of the Salophan 
derivatives are also the site of solvent contact with distances of 2.36 A (MeOH) and 
2.530A (DMF). These also occur through the methyl groups of the solvent. 
Considering that hydrogen bonding in these molecules is expected to occur through 
either the OH or NH atoms of the solvent molecules, the close contacts may be 
attributed to crystal packing forces. Additionally, the structural parameters for the 
zinc dimers do not deviate systematically as a result of these contacts. For instance, 
the shortest and longest Zn(I)~O(i ) distances are ibund for the molecules of 2 
(1.952(9) A)and $ (DMF)(I .977(8)A) that do not contain the solvent contact. 
The structures of 2 and 5 (DMF) also contained two unique dimers in the unit cell. 
The solvent was shown to have no effect on the bond lengths and angles within 
each dimeric unit. 

The individual molecules consist of centrosymmetric, oxygen-bridged zinc dimers. 
A representative example of the dimeric structure is shown in Fig. 2 (for 
[SalophanH2Znh). The zinc atoms are five-coordinate and adopt distorted trigonal 
bipyramida! geometries. In each case the equatorial positions are occupied by an 
oxygen and nitrogen atom from one ligand and a bridging oxygen atom from the 
' "  . . . . . .  ( . . . .  s second ligand. "l he N Z n  ...... ) axial angle~ fall in the range oi' 166.1 177.2 '~. The range 
of Zn=O bond lengths with O( terminal ) is 1.873 .... 1.977 A and with O( bridging), 
1.945=2.123 A. This compares closely to the bridging Zn=O distances |'ound for the 
five-coordinate Zn in [Zn(SALAMP)(NO3)h (SALAMP~2-[[2opyridinyl-methyb 
amino] methyl] phenol) (2.024 A(ave)) [71 and SalenZn (1.94 A) [5]. As expected, 
the ZwN distances are somewhat longer than the Zn°oO bond lengths, falling in the 
range, 2.128oo2.2~ A. 

Although there was no previous structural inibrmation for SalanH4 complexes of 
zinc, their dimerization is in keeping with the results found tbr the related complex, 
bis(N-methylsalicylaldiminato)zinc [8]. However, the results contrast with that 
|bund for the structure of SalenZn, which is monomeric [ 5]. The structural difference 
between the Salen and Salan derivatives may be attributed to the increased flexibility 
of the SalanH4 class of ligand. 

2.2. Group 13 complexes, SahmH2MR (M= A# R = Me) 

The combination of a SalenH2 ligand and group 13 reagent usually leads to 
products having a 1:1 metal ligand stoichiometry. The first of this type of complex 
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SalmnH+ 

I t , / ~  II 
A,MeaX ~f~X~--" N:A,: NX-'N~.~ MeO. 
,.2c,L., . , c ,  

X = Me (7): C! (8) 

(N,~ i ,1°x [ .~Nx 
N ~ / |  N , /  i O m 
M..,,o u,~ 6 )  

(9) 

~heme 4. Synthesis of SalanH2AIX derivatives (with X = Me, CI). 

(Fig. 3). In the structure the A1202 four-membered ring is planar with somewhat 
widened AI-O-AI' angles (103.3(2)°) and correspondingly narrowed O-AI-O' angles 
(76.7(2)'~), The oxygen atoms display a planar three-coordinate geometry with O-AI 
bond lengths of 1.864(5) A. The overall morphology of the slructure is very similar 
to [AcenAIOMeh (Acen = N,N'-ethylenebis(2-hydroxyphenylene-(methyl)imine) 
[12lb. In this derivative the O-AI distances are 1.90 A (ave). 

2.3. Anionic grmtp 13 comph,xes, [SahmAl(Li(ti!f) 4) ]z 

The vast majority of research dealing with aluminum has focused on neutral 
systems [ 13]. By " ° 's comparl~t n, anionic (aluminate)complexes have received somewhat 
less attention. Perhaps the most widely studied of the organometallic aluminales are 

C~3 
C12 

Ct4 ' ~  ~ C10 ~ CI7 

C15 
Ct6 

C7 

C5 

C8 

C6 

C9 

C1 

C2 

Ah 

020 

~ C 3  
C4 

Fig. 3 M~lecular struclurc of ISaleanAIOMe]z (9). 
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the aluminum alkoxide [14] complexes, although reports of other aluminates [15] 
have appeared in the literature. The anionic aluminum complexes discussed in this 
section were the first to be coordinated by a single ligand. 

As an anion all four s i v a  bonding sites on the Salan ligand must by employed. 
This has been achieved by the reaction of LiAIH4 with the appropriate SalanH4 

in refluxing THF (Scheme 5) [ 16]. The sp~ t ro~pic  characterization of 10 
and i i  s u p p o ~  the maintenan~ of dimeric solution state species. In 10 there were 
four distinct PhCHz resonances while 11 exhibited two. This implied the possibility 
that 11 might be asymmetrical in solution. The z~.~' NMR chemical shifts for 10 
and 11 (~ 50.10 (W~/:=2083 MHz), 55.65 tWo/z= 1' 62 MHz)) were comparable to 
those found for the c~ntral five-coordinate aluminum atoms in the 
SalanAIMe(AIMe,h complexes (range, 55-85 ppm (Wt/z-3645oo6770 MHz) s~ 
~ t i o n  4. This is in keeping with the supposition that geometrical, rather than 
electronic, factors determine ZTAI chemical shifts [ 17]. Howe¢~r, it is interesting to 
note that the l~ak widths for these anions were much narrower than for the neutral 
examples. 

lruF,  . q  o , . . , - , , 2 : . . ,  o 
2 lanu, + 2 u,uu,  tht  ,.utr 

"$112 A~ N N v--.~.x 
*~,S.,n w S.l~an (10),, ~ ~  ,1|), f~l'~ v - . . ~  the 

~heme 5, The ~nera! synlh¢~i~ of the dimeric Salan aluminales, 

The structural characteri~.ation of 10 and ! i confirmed that lhe COml~=~unds exist 
as dimcrs in the solid state. The mol~ular structu~ and atom numl~ring ~hemes 
for 10 and 11 are shown in Figs. 4 and 5, resl~ctively. In each of the structures, the 
nitro~n atoms of the |igaad act to brid~ two central A| anions. The lithium cations 
a~  brid~J by two oxygens i¥om the same ligand and arc coordinated to two THF 
mol~uies, forming a distorted tetrahedral ~ometry. The geometry of the central 
AI atoms in 10 is distorted trigonal bipyramida!. Using the atoms around AI( I ) as 
an example, this is exemplified by an axml O(i)~AI(I)o, oN(2) angle of 166.4(5) ~ 
The ~uatorial positions would then be ~ecupied by N ( l ), O(2) and N (4). The 
dimeri~tion of I0 leads Io the t~ormauon~' of a ~n t  AI~N~ four-membered ring with 
the largest deviation from planarity being 0.141 A. The two four-membered rings 
formed by the AbO~Li~O atoms a n  planar (max. dev, 0.051 A) and ibrm dihedral 
angles of +50.0 ° (for AI(I))and --53.2 ~ (for AI(2)). It is interesting to note that 
the twist ~prcscnted by these angles ~v ~o gl es ihe structu~ helical chirality. This would 
also serve to explain the ab~ncc of a syma~e~ry element, 

Com~und I i  l~s~sses a ~nter of inversion which makes the two 
(SalomphanAl)Li(THF)~ uahs equivalent to one another. The coordination geome- 
try of the AI atoms in this molecule is ~rigonal bipyramidal. Two nitrogens and an 
oxy~n atom m~ke up the equatorial coordination of the AI, while one oxygen and 
a nitrogen atom ~ u p y  tile axial ~sitions. The equatorial At-oN bonds (ave. 1.89 A) 
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are somewhat shorter than the axial bonds (2.03 ,A). The same trend holds for the 
oxygen bonds in equatorial (1.82 ,A) and axial (1.85 A) positions. Both the AI,,N2 
and AIO2Li four-membered rings are planar (max. dev. 0.015 A) and form a dihedral 
angle of 124.8 ~. 

The primary difference between 10 and 11 lies in the type and disposition of the 
amine backbone. In 10 the propyl amine backbones are oriented cis in relation to 
the A I2N2 four-membered nng. In 11, the phenylamine groups are oriented in a 
symmetrical, tram', configuration around the AI2N2 ring. This configuration also 
allows the center of symmet~ that is found in the crystal structure of 1 I. 

2.4. Group 14 complexes, SalanH2M (M=Sn) 

The Salon ligands have been used extensively in the preparation of unimol~ular 
Sn(IV) [ t8,19] and to a lesser extent, Sn(ll  ) complexes [ 18;201. Based upon s ~ t r o -  
scopic data, and in rare ca~s, X-ray analysis, these complexes have been demon- 
strated to adopt octahedral (SalenSnR2) and square pyramidal (SalenSn) geometries. 
In each case the ligand occupies the equatorial coordination sites around the central 
tin atom. In attempts to explore how the binding of a Sn(l l )center  might change 
when the Salan ligands were employed., the complexes, SaleanH2Sn (12), 
SalpanH:Sn ( |3)  and SalophanH2Sn (14) were examined [21 ]. 

They were prepared by the addition of SnCI2 to a stirring solution of the 
SalanH4 ligand and NEt~ in MeOH. The solution was allowed to reflux for 35 min 
at which point it was filtered while hot to remove a small amount of insoluble 
material which had formed. After cooling to 25 '~C the solution was stored at =~ 30 'r'C 

sohds in moderate tt°)r t5 h during which'"' time the product~ aptwared as pale yellow ..... ' .... 
yield, Compounds |2 ~t!~d I3 wel'e soluble i1~ ~.~ wide range of solvents including 
benzene, loluene, MoO|l, DMSO and TiiF~ Compound !4 proved to be completely 
inso!t~b!e in these and olher ~,~olve|~|~ 

The ~H NMR data for |2 and 13 exhibited broad resonances with no resolved 
coupling, (o_leet~on of the NMR data at 80 "C did not appreciably affect the 
s ~ t r a ,  There were two broad singlets which were attributed to the PhCH2 groups 
and two broad sing!ors ibr the N C H z  groups. The |~Sn NMR of 112 and 13 
demonstrated broad singlets at -~ 523.6 and ....... 521.3 ppm, These values are similar 

N~ID 

Fig, 6, A side view of the mok, cular slialctu~ of SaleanH2Sn ~ lZ L 
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tO what has been observed for SalenSn {-564.~ppm} and SalophenSn 
( -  543.3 ppm} [ 19]. The mass s~ctral data tbr 12 and 13 corresponded to monomeric 
species in the gas phase. For 14, however, the highest mass peak corresponded to a 
dimeric tbrmulation. This would presumably give rise to a structure in which an 
oxygen of each ligand bridges the two Sn atoms. This would be the same type of 
structure seen for the zinc Salan complexes and for Sn(ll)  complexes such as 
[Sn(Salop)L~ (Salop = N-(2-oxidophenyl)salicylideneiminato) [ 19]. 

The molecular structure and atom numbering scheme for 12 is shown in Fig. 6. 
The Sn atom adopts a square pyramidal geometry with the Salean ligand forming 
the basal plane and the Sn lone pair in the axial position. The Sn atom is displaced 
1.08 A from the N202 plane. There ar~ significant variations in the Sn-O (Sn-O( 1 ) 
2.09~(7) and Sn~.O(2) 2.202(6)A) and Sn~N (Sn-N(I) 2.535(9) and Sn-N(2) 
2.369(8) A) bond lengths. The longest of these distances (to 0(2)  and N(l))  also 
include the atoms forming the most obtuse bond angle (O(2)-Sn-N(I)  141.9(3)°). 
This is indicative of a trigonal bipyramidal distortion in the square pyramidal 
coordination geometry around Sn. In this configuration the 0(2)  and N(I)  atoms 
occupy lhe axial positions and O( l ), N(2) and the Sn lone pair of electrons occupy 
the equatorial sites. This structure may be compared to a related Sn(ll) Schiff base 
complex, SalomphenSn(ll) (Salomphen= N,N'.(4,5-dimethyl-l,2-phenylene)bis 
(sMicylideneiminato)) [19]. in this structure the Sn atom is in a squt}re-pyramidal 

, . A )  , . .  geometry with equivalent S n O  (2 137(8) and S n N  ('~ 376(10)A) bonds and 
the Sn atom 1.126 A above the Nz() 2 plane. The widest bond angle ill this structure 
is 119.4(5)". 

C ~" ' ' s The accessibility of , e t l ! ) a n d  Sn(ll)  lone pairs of electrons hl-l, been well 
established ['~]...,. One notable exam I 1c is the reaction of tmlaaM(ll)  (M Ge, Sn, 

' : '  Z ' ~  ~ . . . .  ' . ¢ ........ ' "(  . . . . .  ' tm|aa ~ thbcn .t tcttamcthylt ti,l,tz,l [ 14]-itn!lulelle} Wi|!l f r ( ( ,  ))~'I HF to yield the 
d o n m  ~ c o m p l e x e s  I m l , m M  ...... , C r ( C O ) . ~  [ 2 3 ]  R e a c t i o n s  b e t  ~cl 1 2 1 4  a n d  A I M e 3  in  

a I ' I ,  l ' 2 a n d  1'3 .... ' " " ~  ' ' ,  25 C stou:hu mcll~ at .... led |o product mixtures that were diflictdl 
lo chal°aclerize. However, when 1i3 ~lnd i4 ( 1.24 retool) were each combined with 3 
equivalents (3.72 retool) of AIMea in refluxing toluene, a clean transmeta/lation 
|'caclion ~ccm' ' "red~ (Scheme 6 ). The main pl"odncL" s of this teat lion were the Irimetallic 

A Mc~)~ and SalophanAIMe(AIMe:)2. The by-products complexes, Sail anAIMe( 
wei'e Sn(0) and SnMe4. The trimetallic derivatives can al, o be formed by the direct 
reaction of AIMe3 with the Salan ligands in a 3:1 stoichiometry (see SectiLm 4). 

o o ' - '~_ .~  °l',,WtR~n,,~ 1 % O  / \ 

N 
M e / '  Me 

+ Jt2Snf0~ 

+ l!12SnMe4 + 2CIIII,0 

Scheme 6. Transmetal la | ion of SalanH2Sn m yield |mnetail ic a luminum derivatives° 



278 D.A. Atwood / Coordination Chemistry Reviews 165 (1997) 267-296 

3. Comp|exes having a meta|-Hgand stoichiometry of 2:1 

3.1. Group 13 complexes, SalanHMR(MR2) (M=Ak R=Me) Et, iBu) 

The first attempted synthesis of bimetallic complexes Laving the formula 
SalanHAIR(AIR2) involved the addition of two equivalents of the aluminum reagent 
to the ligand followed by extend~ reflux in toluene (~8 h). After work-up and 
analysis, a mixtu~ of pr~ucts was observed. This was shown to include some of 
the trimetallic derivatives, SalanAIR(AIR~):, and some other compound which 
appeared to ~ the targeted 2:1 product [24]. As was discovered later the reactions 
involving the Salophan and Salomphan ligands also contained a modest amount of 
the fully condensed compounds, [SalanAl(AIRz)]z. After systematically varying the 
reaction conditions, it was found that high yields of 15.-23 .~ould be obtained by 
refluxing the reaction mixture for not more than 10 min in toluene (Scheme 7). No 
bimetallic complexes of the Salpan ligand could be obtained with this procedure or 
any other modifieati,,,, 

Ttfl, 
~tlanH+ + 2 AIR~ 

-3HR 

R R 

Sal~n; R ~ ~ a a ;  Me (15h E¢ (In), IBu (17) 
S ~ , _ ~ m  Me (IS), Et (19), trio {zo) 

s S ~ h ~ n ~  Me {Zl),, E| (2Z}, i#u (/3) 

Scheme 7~ General ~ynthe~i~ of the ¢oi~plese~ of fi~rmula SatanHAIR(A!R~ 

For the aryl Salao ligands, the color change during the cour~ of the reaction was 
intense. A~ -~, the reaction prog~s.s~ the initially colorless solution gradually ~ a m e  
dark purple. This color change was also observed t~r the aromatic trimetallic 
complexes when they were exposed momentarily to the atmosphere. No analogous 
color chan~ was ob~rv~  for the Salean ligand. 

Characterization by IR of the material remaining after removal of the volatiles 
showed the presence of a strong absorption in the NH region of the spectrum 
(3244=3291cm~t). A mass s ~ t r u m  of the first bimetallic synthesized, 
SaleanHA!Me(AIMe~,) (15), suggested a monomeric formulation as did its 
:~AI-NMR s ~ t r u m ,  which show~ an aluminum in a fiveocoordinate geometry and 
another tetravalent alumi~~un,~ The ~H-NMR spectrum of the bimetallics revealed 
extensive coupling~ As a representative example the ~HoNMR s~ctrum of 
Sa!eanHA!Me(AIMe~) is givei~ in F "~, tg, 7. The proton assignments that are given 
were d¢~l~ed by sel~tive ~H=~H irradiation ex~riments with additional evidence 
gathe~d from COSY and HEI~OR data. 

Although no examples of SalanHAiR(AIR~) have ~en structurally character- 
i~ t ,  they might be similar in structure to a dimethylaluminum com?lex of 
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~ iti3 I 

riM? Md2 

r J 8  10 

s 

Fig. 7. aH NMR spectrum ol SaleanHAIMe(AIMez) (15). 

N,N'-bis(3-aminopropyl)ethylenediamine (Fig. 8(a)) [25]. In this complex the 
central aluminum is in a five-coordinate trigonal-bipyramidal environment. The 
terminal AIMe2 group is in a distorted tetrahedral geometry. It is clear, however, 
that the bimetallic Salan complexes ditl~r from the type of bimetallic that has been 
observed for the Sa!en derivatives which take predominantly open structures 
(Fig. 8(b))1261. 

3.2. Thermal conversion ,?I'S~danHMR ( MRz) to [SalanM( MRz) ]2 (M ~, Ak 
R ~ Me, JBu) 

Initial attempts to synthesize the bimetallic complex SalophanHAIMe(~lMe2) in 
refluxing toluene resulted in a mixture of products. One of the minor product, 

~-N / NN 
ti I }1 

M /  "Me 
MeM~Ga" O ~  

Fig. 8. Bimetallic aluminum (a) and gallium (b) complexes. 
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in this reaction had been identified as the fully condensed product 
[SalophanAl(AIMe)2]2. This product was presumed to arise from the thermolysis of 
an additional MeH molecule from SalophanHAIMe{AIMe,). 

The first attempts to prepare these complexes involved reflux of the 
SalanHAIR(AIRz) complexes in a concentration of 0 . ~ g m L  -~. This led to a 
mixture of products which included slarting material. The key to successfully convert- 
ing SalanHAIR(AIR2) to [Salan(AIR)2]: in high yields was the use of long reaction 
times and high concentrations. Ultimately, the reflux in toluene of the Me or ~Bu 
derivatives of the Salophan or Salomphan ligands for a day or more, at a concen- 
tration of 0.075 to 0.25 g mL + ;, led to the formation of the condensation product, 
[SalanAI(AIR~)]2 (Scheme 8). Attempts to effect this transformation for the Salean 
derivatives were not successful. The NH protons on these cc mplcxcs were apparently 
not acidic enough to undergo alkane elimination reactions. Even reflux in xylene 
for 48 ii did not result in the desired product. 

A R-AI---O.~, / ~ /" .i~ 

S~laBP, R m S~|ot~an; Me 124)o ~Bu 1~;1 
m Sah)mph~a~ Me (~6), tB. (~7) 

~d'~¢mc g., ¢.icncra! ~y.~h¢~+i~+ of ~hc iSalanAl~AIR~H: dc~ivativc~ 

spcctr~+~c,~pl~ data tbr |1 c~c complexes differed from thai of |l~c s ' °~  
materi~ls in two si~nilicant ways, First, there was no evidence for the NH group 
(by NMR and !R sl~ctroscopic t~hniques) and second, the central AI no longer 
possessed an aikyl group. A representative aHoNMR sloe|rum for one of lhese. 2% 
is shown in Fig. 9+ There were resonances which were attributed to two separate 
/~:nzylic methylene groups with diastereotopic protons (14}.  as was observed tbr 
the SalanHAIR (AIR~) bimeta!!ics+ This was the first evidence thai the complex was 
dimerie and not a symmetrical monomer. Furthermore, there were two P h M e  
resonances also hinting at the asymmetric nature of the complex. The ~Bu resonances 
were somewhat dillicult to assign (5+7), but there were clearly at least two unique 
~Bu groups, and poten|ially four, I~r each of the [SalanAl~AIR~)b bimetallics, a 
dimeric complex was proposed due to the presence of |kmr distinct PhCH~ 
r¢son~n~es+ 

The reactivhy of the bimeta!lics was explored to elucidate lhe t yt~s of h~terconver+ 
s~n reactmns that may t~ .... "~"" :~  possible between the bime|allic and the lrimetallic corn+ 
plexes, Thr~: such reactions were explored: conversion of Sa!anHAIR{ AIR~} to 
SahmA!R(AIR~)++ by the addition of one equivalent of trialkylah|minum, conversion 
of [SahmAI(AIR~)]~ to SalanAIR(AIR~}~ by the addition of two equivalenls of 
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?CH3 1 H 3~4H 7r, u_ 
- I , 2u ra.j_ y'"3 

7 - I  f 1~"]  . Ca2 
C H y ~ H  ~ , ~ , ,  2 H . . ~ j  ~ 4H.TCH3 

7~'u - I"aH 1 t' ~ _ I 
~n3 4 H H veil  3 

To| 

Ph.H 

L 
3,4 i' 

I 

Pit-Me 

7 7 

5 

t 

Fig. 9. 'H N M R spectrum of [SalomphanAIt AI'Bu:}], t 27 ). 

|rialkylaluminum, and tile conversion of SalanAIR(AIR:}2 to SalanHAIR(A!R2} by 
addition of one equivalent of ligand |o the trimelallic. 

The addition of one equivalent of trimethylaluminum to the bimela!lic 
complex, SaleanHAIMe(AIMez), produced the corresponding t rimclallic como 
pound, Sa!eanAIMe(A!Meajz, in quantitative yield. A similar reaction using 
SalophanHAIMe(AIMe:~) produced the same result (Scheme 9a). This reaction can 
be reversed by the addition of one equivalent of SalanH4 ligand into a solution of 
a trimetallic complex (Scheme9b). The third reaction involved mixing 
[SalanAl(AIM%)]z with two equivalents of AIR3 (Scheme 9c). In all cases the final 
product was identified as unreacted starting material. Thus, it appeared that a 
requirement tbr the convers ion o f  these s -" • ,pectes was the presence of an available 
NH group. 

3.3. A unique amhto derivative. SahanHAI(Ai( A Mt ,)~) 

SaleanHAl(Ai(NMez).0 (28) was originally isolaled from the reaction of 
Sa!eanH4 with AI(NMez)3 in a 1:3 ratio [27]. The targeted compound was tha( of 
formula Sa!eanA!NM%(AINMe2)2 (S~,heme 10b) which would be isomorphous to 
the trimetallic examples (See Section 4). In view of the distinctive ~H NMR spectra 
for the trimetal!ics, it was apparent that such a complex had not formed. 

Indeed, the trimetallic motif could not be achieved under these circumstances 
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SalanHAIR(AIR2) (15 - 23) 

IS~A|(AIR2)Iz (~  - 2/) 

(a) A|R 3 R R 
\A," 

(b) Salanlt, j N . A I ~ N R ~  

/, / "o-4, * 
/ ' -~'~" AI 

/ x 
R R 

Scheme 9, Att~pts to convert the bimetallic to the trimetallic derivatives, 

(a) 3 R3AI 
- 4 RIll 

SaleanH4 (Rffi Me, Et, |Bu) 

(c) 2 AI(NMe2)~I 

- 3 HNMe 2 

Mo M. 
\ A  ,:- /.,. to o : 
/ \ "N°M° 

Me 

~ ~ ) 3  AI(NMe2) 3 

R\ o R 

r / " K ~ /  \ r  

Me Me 

Me-,-N\ , , ,~  , ~ / ~ ¢ N  O\~,/Me N-Me 

:'lL | A!--- IN A| 
Me..N / " ~  / \ ~MeN'N_Me 

Me 

~hcme 10, The general ~yn~he~ relating to S~de~mHAI(AI(NM%)~), 

using any of the four Salan ligands. Moreover, the synthesis of a 2:1 deriv~ttive was 
not straightfor, vard. The u~ of 2 equivalents of AI(NMe~).~ in the~ reactions also 
led to mixtures of products. In only one ca,~, using the SaleanH4 ligand, was a 
reasonable yield of a 1:2 product ( ~ )  obtained {Scheme 10c). The pre~nce of the 
NH group was supported by tH NMR and IR data. 

A crystal structure reveal~ the bonding arrangement for 28 (Fig, 10), In the 
structure one aluminum atom is chelated by the ligand while the second is bound 
to an oxygen of the iigand ~tnd three NMe~ groups (one in a bridging capacity 
~tween the two aluminum atoms), Although this is a unique bonding arrangement 
t~br the Salan ligands, it is similar to the alkyl aluminum analogs, 
SalanHAIR(AiR~), In these complexes the terminal AIR~ group bridges the two 
oxy~n atoms of the iigand. In ~ one of the~ O~AI bonds has been replaced by a 
bridging NMe~ group. 
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C14 

C19 
C16 

N2 
C8 

C20 

02 All 
C7 

N5 ( ~  I C22 

N3 

C17 

Ct 
C5 

c2 ~ | c4 

C3 

Fig° I0, Molecular slructure of S~de~mHAINMeg AI(NMe.,)~) (28), 

4. Comp!ex~ hav|ng a me|al:ligand stoichiiometry of 3:11 

4,1, Group 13 compk~xes, ~S~danMR(MRz)z (Mo~ AL Ga; R~, Me, Et, iBu) 

Trimetallic group 13 complexes have appeared sporadically in the literature over 
the past 20 years. In general these complexes have been made up of two bidentate 
ligands. These ligands chelate a central group 13 element and bridge two other 
group 13 fragments through the heteroatoms (Fig. l l(a)). Most of the reported 
examples are aluminum complexes of bidentate alcohols [28] and amines [29]. 
Symmetrical structures predominate for these complexes although one gallium exam- 
ple was not {Fig. 11 (b)) [30]. 

The availability of the Sahm ligands offered a unique opportunity to systematically 
study this unusual group 13 arrangement. These ligands are similar in appearance 
and have the basic requirements (four acidic protons) of" the bidentate ligand systems. 
However, the Salan ligands may be viewed as two bidentate ligands that are tethered 
together with either an alkyl or aryl "backbone." This allows for the added feature 
of being able to vary this ligand backbone and manipulate the geometries of the 
resulting complexes. 

The reaction of three equivalents of a trialkyl group 13 reagent with each of the 
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R R .,c,/c., 
M 

U .J. 11 .! 
M ~ 
/ ~ HsC t 'xCH a 

R R 

(a) (b) 

Fig, l l, Gcq~eral structural motif of tfimetallic group 13 complexes (a} and an asymmetric gallium 
¢~ample (b). 

SalanH~ ligands suspended in toluene resulted in trimetallic compounds having the 
general formula, SalanMR(MRz)~ {Eq.(l)) [IZ31]. This formulation was sup- 
ported by the ab~nce of ~OH and ~NH resonances in the infrared Sl~'ctra combined 
with elemental analysis and mass sl~ctral data~ The tH-NMR data added further 
sup~rt  for this ib~ulation and revealed a complex patt,~rn of coupling which 
could ~ interpret~ in terms of a rigid solution state geometry. 

As a repre~ntative example, the ~H-NMR s~'ctrum for SaleanAIMe(AIMe~)z 
(29) is shown in Fig. 12. The ~n~ylic hydrogens cf the ligand ~PhCH~) become 

M~ ~M~\ / 

\J x i:: 
~Me / \ Me 

3 

Fig, 12, ~H NMR s|~:lrum or Sa|canAtMe(AIM%}~ ~29)~ 
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diastereotopic upon formation of the complex and ap~a~ :~ :~ set of two doublets 
(1 and 2) with coupling consistent with a geminal interac~m (J= 17 Hz). The 
observation of two doublets for the benzylic hydrogens is a hallmark behavior for 
the trimetallic structural motif and was shown to be present for all of the trimetallic 
aluminum complexes. The protons of the backbone (3 and 4) were similarly coupled. 

SalanH4 + 3MR3 To/,- 4 ~ n  SalanMR ( MR2)2 ( 1 ) 

(M =AI, Ga; R = Me, Et, ~Bu) 

The integration of the AI-Me region of the spectrum confirmed the presence of 
five aluminum methyls. The relative intensities of peaks 5, 6 and 7 having a ratio of 
2:1:2 could be explained by assigning 5 and 7 to AIMe2 units while 6 was the AIMe 
unit of the five-coordinate central aluminum as depicted in the structure above the 
spectrum. In this arrangement, each AIMe2 unit bridged an oxygen and a nitrogen 
of the ligand. This gave the molecule C2 symmetry, and each AIMe2 unit became 
equivalent in the ~i-I-NMR, but each of the geminal methyls were inequivalent (5 
and 7). This arrangement where each AIM% unit bridges a nitrogen and an oxygen 
is termed t m n s  (Fig. 14(a)). 

A similar product was obtained with the SaipanH4 ligand (32). it also lacked the 
OH and ...... NH infrared peaks of the iigand a~:d elemental analysis and mass spectra 

confirmed that it was trimetallic. In the ~H NMR (Fig. 13) the benzylic hydrogens 
ap~ared as a set of two doublets (I and 2). The propyl backbone, however, was 
considerably more complex. The NCH, resonances appeared as two doublets of 
doublets (3 and 4). The NCH~CH~ resonances appeared as inequivalent muitiplets 
15 and 6). 

AIMc 

Ph-lt 

M e  

2 M / Me 

lit! 
7 G 5 4 3 2 ~ 0 = 

IFig~ 13, ~l~i N M R  spectrunl of  SalpanAIMe{AIMe2}2 {32 }. 
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The difference between (29) and (32) is evident in the AIMe region of the 
~H-NMR s~ t rum.  Instead of three resonances for the AIMe protons, as for 29, 
32 exhibits five resonances. Integration of the resonances showed that each singlet 
had three protons and corresponded to one methyl group. The explanation for this 
observation concerns the disposition of the ligand backbone. The two AIMe2 units 
bridge two oxygens and two nitrogens, respectively. This bonding arrangement 
disrupts the C2 symmetry present in SaleanAIMe(~Me~)2 and leads to five inequiva- 
lent AIMe resonances. ~ e  structures where one AIMe2 bridges both oxygens and 
the other AIMe2 un;.t bridged the two nitrogens are designated cis (Fig, 13(b)). 

The 2~AI-NMR s ~ t r a  of the complexes showed the presence of two distinct 
ty~s of aluminum atoms: one relatively sharp in the five-coordinate region of the 
spectra (50~85 ppm)and another relatively broad in the four-coordinate region of 
the s ~ t r a  ( 147~220 ppm). 

With tH-NMR being ~ d  as a tool to discriminate betw~n cis and trans geome- 
tries, the ~ries of trimetallic complexes of general fo~ula  SalanMR(AIR2)2 (where 
M = AI; R = Me, Et, ~Bu; M = Ga; R = Me, Et) were synthesized from the combina- 
tion of the four SalanH~ ligands and the appropriate group 13 starting material. 
!hi:s repre~nted the first deliberate and systematic synthesis of monomer~c~ trimetal- 
lie group 13 complexes. It demonstrated that a t r ~ s  geometry is always adopted 
for the Salean ligand except in a complex incorporating the bulky ~Bu group, 
SaleanAl~Bu(Al~Bua)~ (3i) which adopts a cis conformation. In this conformation 
the methylene groups in the ethyl backbone a~ eclipsed. All of the other aluminum 
complexes adopt a cis conformation. In contrast, all of the known gallium derivatives 
adopt a trans geometry. This difference may be attributed to a tendency lbr gallium 
to adopt a trigonal tgipyr,~midal coordination m~e.  

4~ i, i, Sohaion state rigiday 
The trimetallies were shown to adopt rigid solution state geometries, This behavior 

was manifested in the ubiquitoug apl~aranee of diastereotopic protons tbr positions 
that would ~ equivalent if the molecule was fluxionai. They do not undergo 
a eragmg of the ~n~ylie hydrogens through either bond-breaking or molecular 
motions, In all of the r e ~ r t ~  trimetallics the ~nzylic protons (PhCH2) of the 
ligand became a ~ t  of two doublets upon complesation. In cases where the backbone 
was either ethyl or propyl (Salean or Salpan), the ~ydrogens of the alkyl tether were 
also maaifest~ as a set of di~rete multiplets consistent with diastereotopic behavior. 

This phenomenon was also evident in ~he alkyl groups on the aluminum or 
gallium. In either the ¢is or trans geometries, the geminal alkyl groups on the 
tetradentate group 13 atom(s) we~ observed to be inequivalent in the ~Io|,NMR 
Sl~t.ra, If the mol~ules were ~lu×ional in solution and the MR~ unit was diss~ia~ing 
then reass~iating this pr~ess would have I~ to a single fim~averag~i ~ak  in the 
~ttoNMR instead of the observ~ i,n~uivalent ~esonaac¢~ This type of behavior, 
although r~re, has ~ n  d e ~ f i ~  ~fore in group 13 complexes incorporating chiral 
alkoxides [32] and ~ i n e  alcohols [33]~ 

The relatively rigid solution state ~havior of the~ complexes implied 
that exchange reactions might not o~ur. To address this point a ~ries of four 
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exchange reactions were performed. In the first, equimolar amounts of 
SalpanGaMe(GaMe~)2 (43) and 30 were mixed together in toluene and then stirred 
at 25 °C for 8 h (Eq. (2)). Analysis by tH-NMR of the solid remaining after solvent 
removal indicat~ that each of the reagents were unchanged from the mixing. The 
remaining reactions were directed at the possibility of exchange of the alkyl groups 
between aluminum or gallium atoms and were conducted in situ in 5 mm NMR 
tubes. 

SalpanGaMe(GaMe2)2 + SalpanAIMe(AIMe2) 2 25°C- ~ NR 
Toluene 

(2) 

.5 C 
SalpanGaMe (GaMe2)2 + SalpanGaEt (GaEt 2)2 - - - '  NR 

C~D~ 
(3) 

25'~C 
S a l p a n A l M e ( A ! M e , ~ ) z  + A I E t ~  - - ~  N R  

C.D~ 
(4) 

25:"C 
SalpanGaMe(GaMe,)~ + GaEt~ ~ N R  (5) 

C,,D,, 

Thus, the trimetallic derivatives 43 and 44 were mixed in CoD~, at 25 °C and 
st irr~ tbr two hours (Eq. (3)). Similarly 30 was mixed with a fitly-fold excess of 
triethylaluminum (Eq. (4)) and 43 was mixed with a fifty-fold excess of triethylgal- 
lium and stirred for two hours (Eq. (5)). The ~H-NMR spectra of these mixtures 
were comprised of well-defined resonances which could be attributed to L:nchanged 
starting materials. These e×pcriments served to indicate that compounds of ~iis t y ~  
are non~fluxional and nonodissociative a~ 25 '~C in aryl solvents.DUMMY F~g 14 

4, !~2 n-Aniso!ropic ¢~[]~'cts 
Afterlheenlire "~" o~ ~' _ . _~ ~s s ~ ,  , sol ~cs of I rimclallic coral' !exe~ had been, ynlhcs~ ,.J • ~n intercsting~ 

obscrva!ion was  m a d e :  the c~m~p!exes possess ing  an  aryl  a m i n e  b a c k b o n e  h a d  eltl ~ l 

R R R 
R . ~'A( 
,m, 

R R R" '~R 
(a) 

~lean.  M ~ All; R ~ Me (29), Et (,~) 

Ga; R ~ Me (41), Et (42) 

Sflpan; M ~ Ga~ R ~ Me (43), E¢ (44) 

Salophum; M ~ Ga; R ~ Me {45), Et (46) 

Salomphan; M ~ Ga; R ~ Me (47), Et (48) 

(b) 
Salean; R ~ IBu (31) 
Sa|pan~ R ~ Me ~32). Et (33), IBu (34) 

Salophan; R ~ Me (35), Et (~) .  |Bu (37) 

~lomphan;  R ~ Me (38), Et (39), |Bu (40) 

Fig. 14. The cis and tmns coordination |br lhe group 13 Salan complexes. 
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one or two resonances that were shifted farther upfield to that demonstrated for 
complexes possessing an alkyl amine backbone. Analysis of the ~H-NMR data 
combined with the X-ray crystal structures indicated that this could be attributed 
to an anisotropic ring current effect between the aryl group of the backbone 
(Salophan and Salomphan)and the terminal alkyl group 13 moiety. This is shown 
for 45 in Figs. 15(a) and (b). It has been previously demonstrated that the relative 
shielding effect in these systems varies with the distance of the proton from the aryl 
group. An optimal value of H...aryl-centroid was calculated to be 2.25 ,~ [34]. At 
this distant ,  the chemical shift differential between the affected and unaffected 
protons (A3) would be maximized. In an extreme example, the chemical shift differ- 
ence Mtween the gem|hal hydrogens of the homotropylium cation was shown to be 
5.8 ppm [35]. Table I lists some values for the trimetallics. The closest contact 
between the hydrogens of these methyl groups and the centroid of the aryl ring was 
in the range of 2.82oo3.19 A. There are two such contacts for the molecules in acis 
configuratto and one for the trans configuration. This situation is shown in 
Figs. 15(a) and (b). The contact was maximized when the proton was centered 
above the aryl group. Thus, the angle that the C=H bond made with the plane of 
the ary! group was also important. The greatest shielding would then occur at angles 
of 9ff ~. dir~tly in line with the magnetic field produ~d by the aryl ring. For 
SalophanOaMe(OaMe~)2 and SalomphanGaMe(GaMe:)v these angles were 
oblique and consequently the shift was not as pronounced. By comparison, the 
angles for Sa!ophanAlMe(AIMe~)~ more closely approached 9ff ~ and the shift 
differential was correspondingly larger (A,~ 1.00 ppm). 

4, i,3, The trims co~Vigumtio. 
To better understand the ~lidostate structm°e of the |rimetailic aluminum and 

gallium complexes, a nu~ber of Xo~°ay crystaliograptfic s~udies were undertaken, 
The structure of SaleanAIMe(A!Me~)~ (,29) is shown in Fig, 160 in !l~e slruc|ure. 
the Sale{~n ]irga|~ld is COo~dh~atxd h| a tet|~adeatate fiishion to the central AiMe unit 
(AI(2)), which is in a distorted trigonal-bipyramidal geomet~. The ethylene back° 
bone of the ligand i~ in a |tans configuration. In k~ping with the electronegativity 
diffe~nce between oxygen and nitrogen, the oxygen atoms were located in the axial 
~sitions and the nitrogens and the methyl ~ t r ~ n  in equatorial positions. This led 
to loner  Al=O bonds (1.982(3)A and 1959(3)A) than AlaN ~mds (average 
1,931 (2) A) for the central alunfinum (Al(2 ~). The opposite trend was observed |br 
the two ~ripheral AIMe~ units, with each bridging an oxygen and a nitrogen of the 
ligand. The aluminums were in a distol~i~ tetrahedral geometry with the bonds to 
oxygen ~ |ng  stgmficantly shorter (average 1,85 A) than ~he bonds to nitrogen 
(~verage 1.95 A). 
The irons conformation was the only lyf~ of stl'ucture thai was observed for 

'~ hich Salan ligand was u~d. Structureo ha e ~ n  delermined gallium regardless of ~ '- " s , v~ 
~'or 41, 42, 63 and 45. In each ca~ the central gallium atom is in a t rigonal 
bipyramidal geo, merry,- Compound 43 is shown in Fig, 17 as an example.*, The apical 
!~sitions are c~xupied by two oxygens (GaoO 2.08(2) A(ave)). The trigonal plane 
contains the two nitrogens (Ga.oN 1.92(2)A(ave)) and the ~-earbon of lhe alkyl 
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Table 1 
C o m ~ s o n  of chemical shifts resulting from the ring current effects of the Salan ligands possessing an 
aryhmine backbone 

Compound (contact) Shift (ppmP Distance (A) Angle-1 (deg) b Angle-2 (degP 

SalophanAIMe(AIMe2)2 (35) 0.80 
~ ;~-~CHv..Ph) 1.00 
Salopha~lEt(AIEh)2 (36) 0.80 
(AI~CHv..~) 1.23 
SalomphanAlEt(AIEh)2 ( ~ )  0.74 
(AI~CHv..Ph) 1.19 
SalophanrAlt.B~ (Ait-Bu2)2 (37) 0.95 
(AI~CHv..Ph) 1.41 
Salom#nanAlt-Bu (AIi-Bu2)2 (40) 0.89 
(AI=CHv..Ph) 1.45 
SalophaaGaMe (GaMezh (45) 0.85 
(Ga~CHv..Ph) 
SalomphanGaM¢(GaMe2h (47) 0.78 
(Ga=CHv..Ph) 

2.97 90.8 64.~ 
3.03 92.5 97.7 
-No structure available- 

-No structure available-- 

-No structure available- 

-No structm'e available° 

2.82 "}2.6 82. I 
2.93 65.3 81.4 
3.01 59.5 80.4 
3. i 9 55. I 79.6 

a ~ ~  by subtracting the chemical shift (ppm) of the deshi¢lded group from that of the unaffected 
group on the same metal 
b Vertical d Jspla~mon~ from ring ~ntroid (idol ~ ~'~ L 

Lateral dis:placement from ring centroid (ideal~9ff~). 

At{~D 

00} ! J ~21 

AU3} 

Fig, 16, Mo|ecukw structure of SaleanAIMe(AIMea)~ (29), 
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C(2) 

C(191 

0(1) J C(lO) 

C18! 

Odl) 

Cliff 

C120) 

Ct4l ~ ~ ~ J 012) 

)00131 Cl7) 

C(5) 

C117} 

C(13) 

C1161 

C(141 

C(15) 

C122) 

C(21) 

Fig. 17. Molecular structure of SalpanGaMe(GaMe:h (43). 

group (Ga~C 1.948(18) A). The greatest deviation from ideal values lbr the trigonal 
plane was lt:und for the NI=Ga2=N2 angle (109.9(6)'~). The OI=G~I,, O2 angle 
was 164,5(4)  '~. 

4,1,4, The cis cogfiguration 
As an example of the cis configuration the structure of 32 is shown in Fig. 18. 

The central aluminum is in a five.coordinate square-pyramidal geometry. The basal 
plane of the square pyramid is formed by the oxygens and the nitrogens (maximum 
deviation=0,031A for O(1) of the ligand) with the methyl carbon at the apical 
position. The aluminum is perched slightly above the plane at a distance of 0.61 A. 
The square,pyramidal geometry of the central aluminum allowed for shorter bonds 
to oxygen than nitrogen. The average AI-O bond to AI(2) was 1.90( 1 ) A while the 
average AI-N bond was 1.97( 1 ) A. The four-coordinate aluminums adopted slightly 
distorted tetrahedral geometries. In the cis geometry, one aluminum bridges both 
oxygens of the ligand while the other peripheral aluminum bridges both nitrogens. 

The structural characterization of other aluminum derivatives (29, 31, 32, 35 and 
.~) demonstrated that the structural parameters for 32 were prototypiea!. For 
example, comparison of the bond lengths and angles of 32 and 35 revealed that the 
change from an alkyl backbone to an aryl backbone changed very little in the overall 
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C~ 

~I~ 

0_~,, 

m'a m J "  etm _~  ~ e t~ 

ea,~ 

em 

M~ e t~  

t cx~.,a 

Pe~ 

FiB, !18, Mole~'t|lia!' ~Ir~t|,clllf¢ of SalpanAlMe(AIMe:)a (J2 J, 

geometry of the trimetallic complex, The ot~ly notable difference was that the cen|ral 
aluminum ~tom in 3,5 was ~rched farther oul of the plane lbm~ed by the oxygens 
and nitro~ns of the ligand (0,96 A versus 0,61 A). 

SaleanAi~Bu(Al~Buah ( ] | )  is an exception to the rule of Saleangroup 13 come 
plexes adopting a tmns geometry. A side view of this structure is shown in Fig, 19. 
The hydrogens are shown with dotted lieges indicating sites of t i e . s t  contact. These 
ranged from 2.3 to 2.5 A. For Ai(2) the Alan ~nds  (avera~ 1.97 A) were slightly 
longer than AI~O bonds (average 1.9i A), The AI(2)~C length (1.964(7)A) was 
not lengthened from any steric effects, In the cis configuration the hydrogens of the 
ethyl backbone are in new, fly ~rl~ct alignment (maximum derivation 0.015 A). 

A gener~d overview of the k1~own m~m group~.~-.Salc.~n complexes is shown in 
Scheme I1, The g1"oup 13 elements, i~l p~riicular, aluminum have been most extens- 
ivdy explored, The widest range of metals a~  known for the monometailic Salan 
derivt~tives (Zn, AI and Sn), The AI and So complexes we~ shown to ~ monomeric. 
This paraliel~ the established chemistry of the Salen ligands, The zincoSalan com- 
ple×~ we~ ob~rved to form oxygen-bridg~ dime~, This represents a new capability 
for the Salan ligands when compared with the Salen ligands. The presence of an 
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C36 

C33 

AI3 

C25 

02 

" C19 'K 
% 

C 1 7 ~ C 1 8  

All 
C20 

C32 

C31 

C29t-~ ~'~ ~ -  ' ~ ~ , . ~ C 2 ~  

C30 
C23 

Fig. 19. Side view of the mole,-t, lar structure of SaleanAl+Bu(Al+Bu:)~ (31 }. 

amine (NH=CH2) in place of the imine (N=:CH) linkage provides the ligand with 
the necessary flexibility for dimerization. By utilizing all of the NH and OH sites, 
unique anionic nitrogen-bridged dimers, [SalanA!(Li(THF)2)]: were obtained. 

ch!ra m~ lecul~ wa~ obtained. When the S~dan ligand is Salomphan a helically " ' "I ~ +" ~ ,s 
The NH fi|nctiona!ities were utilized to form unique bimetallic aluminum corn+ 

+/2 [SaianH.,Z.]~ 
Sa+anH+Sn .-/++ 

SnC|~ 

Sa|anN4 LIAIH~ 1/2 ISa|anA|lLllfll~2lz 

AIR~ 
SalanAIR(AIR2)2 ~ SalanHAiR(A|R2) ~ ° SalanH2 A|R 

!/2 [Sa|anAIIIA|R~)I~-~ ~ ~  1/2 [SalanHAIllz 

Sdleme i I. Preparation and interconversion of the Salan+alumimim complexes. 
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plexes. The~ were primarily of the form SalanHAIR(AIR~). In one unusual case 
an amido derivative, SalpanH (AINMe~) (AI(NMez)2)), was isolated. The remaining 
NH group on the aluminum alkyl complexes containing an aryl backbone was acidic 
enough to undergo a further alkane elimination to form the nitrogen bridged dimers, 
[SalanAl(AlR~)h. The morphology of these dimeric species was similar to that 
o b s e ~  for the anions. This dimeric structural motif (either through bridging 
oxygens or nitrogens) represents one of the two that have proven common for the 
Salan ligands. 

The predominant structural motif is that manifested in the trimetallie derivatives, 
SalanMR(MR~h. These ~ntained a centrally coordinated metal and two peripheral 
four-coordinate metals. Either a cis or trans isomer could be obtained depending on 
the nature of the ligand backbone and the metal. These trimetallics demonstrated 
two unique features, The most important with regards to reactivity was a rigid 
solution state geome~ characterized by the presence of diastereotopic protons. 
They did not t,~dergo exchz,-,ge of either the alkyl groups or the metal-alkyl units 
in toluene. When the ligand contained an aryl backbone anisotropic shielding effects 
~ u r ,  Ba~d upon correlations betw~n solid and solution state data a maximam 
shielding effect was observ~ at lateral and vertical angles of 90 ° and distances of 
about 2.9 ,~. 
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