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Abstract

This article presents a comparison of phosphanido and arsanido complexes of the metals aluminium, gallium and indium with cage structure.
The synthesis and the structures have been discussed especially with respect to the structures ef MEGHW| In; E= P, As).
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Usually this contribution in addition to the-bond is not very
high, even in Al-N bond§3]. Very recently, an example of
Compounds with the element combination group 13 a Ga—As compound possessing Ga—As bonds with multiple
(M)/group 15 (E= P, As) became interesting during the last bond character was publishgd]. However, the normal way
15 years for a couple of reasofi§. On the one hand, there for interaction of the lone pair at E and the Lewis acid M
was a lack of information concerning the synthesis and the is the formation of rings and cagég2]. A variety of struc-
structures of such compounds in particular in the build-up tural motifs are posssible for the generation of M—E cages
of large M—E cage moleculdg]. On the other hand, one of  (Scheme I mostly containing M—E four-membered rings as
the driving forces was the search for new single source pre-in heterocubanes and heteroprismanes (six-membered ring
cursors containing M—E bonds for generating thin layers of as basal plane). Other cages such as heteroadamantanes
the corresponding materials ME. A series of review articles or rhombic dodecahedrons can be found when the M:E
dealt with this subjecf3-7] including the related nitrides. ratio is 6:4 or when a third element is part of the cage
A topic of continuous interest is the-electron participa-  skeleton.
tion in M—E bonds by back-donation of the P or As lone pair  Interestingly, two basic structures known from solid state
into the formally empty p-orbitals of the metal atd8)6]. chemistry can be used as archetypes to derive some of the
cage architectures or at least a part of those. All structural
mspondmg author. Tel449 6421 28 22406 motifs which (_:ontair) a hexagonal heteroprismgne are based
fax: 149 6421 28 25653. on the Wurtzite lattice and the adamantane-like cages are
E-mail address: neumuell@chemie.uni-marburg.de (B. Neumiiller). based on the Zinc Blende latticE¢gheme L The thermo-
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E_/ sis reaction of AIG with a dilithiated phosphane giving
— 2e [13]. Two six-membered rings dimerize formally to the
’TI H E heteroprismane8a—e Eq. (2)
1
E—/M R
1/2 H\A/P\N/H -
E [AIH5(NMej)] + REH, —> .
—M—E~ 7 ~ -H. Me;N’ \F’/ ‘NMe,
T\ ! /T 'YI 2a:E=P;R=H;R'=Prgsi g - NMe,
[ | 2b: E = As;R=H; R'='Pr;Si
I i N _—E Zci E iA_s; R_: H;. R'Iil:Aez('f’rMeZC)Si
ML MI>E M—EM Al
M R ‘R- /R‘
' SV R it o
* Ao, + RPH, | R e 116 J\rEI—AII \||5
Al P\ /./\ _‘A< N
l R H g )E \ R
\ / \ I R R o R "R
\ /izl;:\s/ézn\ 1$7Zn\ L . / 2a-e
?¢ | /g /T AICI, + RPLi, hemar;elii? :
N Zn set
ST T/ /S7zn\ls 7\ )
I

A heptameric Al-P skeleton in (RAIPR (3) (R=H; R’
Part of the wurtzite structure Part of the zinc blende structure = SiMey(CME,Pr)) is one of the results in the reaction of

Scheme 1. Heteroprismane and heteroadamantane structures derived fror{AIH 3(NMeg)] with H2PR Eq. (3) [14}
the Wurtzite and the Zinc Blende structure.

R
|
dynamically stable structure type of GaE (P, As) and InE at
room temperature is the Zinc BlengE0]. Hs 1 F?/A'_H
RPH, R LA—E
[AlF(NMey)] ———————>= [HAPRL,+ | H /lkl an
- N
2. Aluminium compounds Hz H/AI<;\;A P,
- \\ R
There are a principally two ways to synthesize M—E cage R = SiMe:(CMe;Pr) 08
structure compounds. The first one is the elimination of H H
by reacting compounds with Al-H and H-E bonds. The 3
second route is based on salt metathesis when metal halide 3)

functions where treated with ME functions (M = alkali
metal). Depending on the electronical and steric behaviour  The third element in Al cage compounds is very often
of the sustituents on M and E all types of cages mentioned |ithium. Li*+ ions are bound to the element of group 15 but
above could be realized. The heterocubane molecules argysg to the substituents on E, especially when hydrogen is
simple representatives first structurally characterized in 1990 5 sypstituent4 was generated in the subsequent reaction

Eq. (1) Examplel is the only one reported in aluminium  of ipSiPH, with "BuLi and MeAICI Eq. (4) A ligand
chemistry to dat¢11].

. _R
7
R \P/ R RS2 /;A'
NP V2 AR
RZAIH + R'PH, —_— 1/2 /A\ /A ? 1/4 |/Af-| /P\ (1)
-H, R P R - Lalio P‘L R
/N AR
R H R R
R = 'Bu; R' = Ph,Si 1 1)

A lower steric demand by the substituents usually leads
to a larger ring. This was realized with donor-stabilized
aluminium hydride [AlHs(NMe3z)] and silicon substituted  redistribution or a additional methane abstraction must be
phosphanes and arsarj¢2]. An alternative is the metathe- involved because of the MeAl fragment4n14].
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T I
1) "BuLi/THF . | s
. 2) Me,AICI _ X R\P\/\ Ao o N { ~, P
RPH, —— [L(THF))' | R PR/ K A~ 4
- "BuH IR A R'AsH,; Et,0 A=Al AR
-l ROR R LilAIH] - )
. -H, R‘Zi-,As\ ‘| /AgER
— i
R =Me; R' = Si'Pr, b \\ \ / D
As
4) |
. R'
R' = SiPry; D = Et,0
In 5, Li[AlH 4] is the starting material which was treated 7
with the bulky arsane RsH; [R’ = Mez(' PrMe;C)Si] with @)
evolution of H Eqg. (5) [153a]
2=
\O/ N -
DME Li
3 Li[AIH,] + 3 RAsH, ———— 2 [Li(DME),J* H7
-3H, l\ll-li\ R ‘
H— Al
| R—nas /AN 7y
R' = SiMe,(CMe,Pr) H S~pg
5

®)

LixMyE; cages with a rhombic dodecahedronal struc- However, the shorter Al-P bonds in a corresponding
ture can be obtained in two ways. The heterocubane Li4Al4Ps cage enforces solvent-free *Lipositions, syn-
molecule [MeAINR]4 (R” = 2,4,6-M&Cg¢H>) undergoes  thesized from a six-membered A-P compound by treat-
with LIP(H)R' (R = °Hex) a complete exchange of the ment with! PrsSiPH, and AlMe; Eq. (8)with evolution of
group 15 ligand combined with a cage expansion involving methane to give [14].

Li* ions to give6 [16] Eq. (6)

R

R |
\__“ /R D\ R/)D\ ./D R R'
R, AN K Al A Ry =
AN | LiP(H)R’; THF A XpE-ALRT R m a—p—H
|/ "l7N '\/A(\‘\ ) P/-\ ) |/R
TA R T N g
R"/ R o— I\/A\\ /LI\D AP
R R \p R <N,
| R R
L
6

R = Me; R' = SiPr,

(6)

The second route is the reaction of Li{AJHwith the
bulky arsanéPr3SiAsH, which leads with evolution of K
to the LiyAl 4Asg cage compound [12] Eq. (7) Compounds

R

AT
1) R'PLi, e /All\ T
2) AIM \ \WAI ):{ R
— oA /A ~X
_ CH4 R'?P ‘} P;YR'
|
A i
A
|
R
8

(8)

A totally different way to synthesize a Al-P cage com-

6 and 7 contain donor solvent molecules to complete the Pound was realized in the oxidative addition of a low valent

coordination sphere of the tiions, THF for6 and E3O

Al compound like (CpAl)4 with elemental phosphorus to

for 7. give [P4(Cp*Al)g] (9) according toEq. (9) [17]
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toluene; 25°C <
1,5 (Cp* Al), + Py A|\‘|\' N
T

The reaction with (CpAl) 4 with the tetraarsan€BuAs)4
leads under As—C bond cleavage to [{Bf) 3As;] (10), a
cluster with a formaktloso structureEq. (10) [18]

toluene; 60 - 115° C ; /
(BuAs), + (Cp*Al), A AI Fig. 1. Heterocubane structure bfthe organic ligands are drawn as thin
\ lines for clarity) [11].

10

2a—e can be derived from the Wurtzite structuféds. 2 and
(20) 3). The Al-E bond lengths depend on the CN of the Al and
) ) ) ) E atoms, on the polarity of the Al-E bond, on the steric
A complex with spirocyclic connection at two Al atoms  gemand of the substituents and on electronical effects such

and a K-Al-P netll, is the result of the reaction of Algl 55 the electronegativity of the bound groups. The average
with K»(‘BuPPBuU) in ELO Eq. (11) [19]

Et,0 Al
2 AICI, + 4 [(RP),K,(THF) ] ————— R~p” > P—R'
\ | +6KCl
R'7P\ /P\R'
R'='Bu; D = E,0 D—y /\\
/N
N
Rl Rl
11 (11)

According toTable 1, 3P NMR data depend mainly on  value inlis 241 pm[11] and therefore in the region of the
the substituent at the P atom. All the examples shown pos-Al-P bond values of the APs heteroprismane compounds
sess silyl substituted phosphanido groups leading to high(seeTable 9.
field signals—213 (1), —277 Qa) and—171 ppm g€). The Compund3 can be derived from a heteroprismane skele-
27TAI NMR parameter of 46 ppm ifla is typical for coordina- ton which is topped by one unit’R and one unit HAL. In
tion number (CN) four and hydride ligands. Similar results other words, it is a part of the Wurtzite structure capped with

were observed for the arsanide heteroprismaheand 2c. two heterocubane fragmentsig. 4).

The heterocubane moleculehas as(*>’Al) of 20 ppm. The The anion in4 formally contains a part of the structural

chlorine ligands ir2e cause a low field shift to 135 ppm. motif of 3; the six-membered ring is capped with an addi-
The Al-H stretching vibration®AlH for the terminal tional RAI unit (Fig. 5).

Al-H functions are useful probes i Values are given e.g. The structural motif of the dianion ib [15a] can be de-

for 2a with 1828 cnt! and for2b with 1812 cnt? [12)]. rived from the Zinc Blende structure or the adamantane if

Table 2shows a comparison of M—E distances. Compound one counts the hydride functions as complex building units
1is a typical heterocubane structuféd. 1) observed very  to give a LiHgAlzAs3 cage. Compound is also a good
often in inorganic and organometallic cage structures while example for the importance of the CN at compared atoms.
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Table 1

31p and2’Al NMR shifts of M—E cage compounds

Compound 3CIP) (ppm) 3(3Al) (ppm) Reference
['BUAIPSIPh]3 (1) —213.0 20.0 [11]
[HAIPSii Pr3]g (2a) —277.0 46.0 [12]
[HAIASSI Prs]g (2b) 48.0 [12]
[HAIAsSiIMex(CMey Pr)]s (2¢) 40.0 [12]
[MeAIPSiPrs]s (2d) —235.0 46.0 [14]
[CIAIPSI'Pr3]s (2€) —171.0 135.0 [13]
[Li(THF) 4][{Me2Al }3{MeAl } {PSiPr3}3] (4) —280.9 48.0 [14]
[Li(DME) 3]2[{Li(DME) }{AlH 2 }3{ AsSiMex(CMe,' Pr)} 3] (5) 132.3 [15a]
[{Li(THF) }4{AlMe } 4 {P°Hex}] (6) 86.7 [16]
[{Li(OEt2)}4{AlH } 4{AsSiPr3}¢] (7) 51.0 [12]
[Li 4{AIMe }4{PSiPr3}¢] (8) —319 36 [14]
[{Li(OEt2)2}{(GaBu)(PBU)2(GdBuy)}] (12) —77.0 [24]
[(Ga'Bu)(PBU)2(GdBuy),] (13) —80.0 [24]
[‘BuGaPSiPH]4 (14) —185.0 [11]
['PrGaPBuls (15) -12.8 [25]
[MesGaPBu]s (16) 1.5 [25]
[{MesGg 3{GaP(HjBu}{P'Bu}4] (17) —64.3,-9.0, 3.8 [25]
[{MesGg3{GaP(H)Me3 {PMes 4] (18) —147.4,-46.5,-45.2 [26]
[Cp(CORFeGaPSiMgl4 (19) —53.9 [28]
[{(MesSi)sCGa}3P4] (20) —202.8,-521.¢ [30]
[{RGa}3(Ga){PAd}4{P(H)Ad}] (21)° —80.3,—67.8, 31.4, 46.0 [31]
['PrinPSiPR]4 (25) —168.0 [36]
[EtINPSiPr3]4 (26) —189.0 [37]
[MesInPMes} (27) —-75.5 [27]
[{(CsH5)(CORMo} InPSiMes] (29) —137.7 [39]
[EtInPSiMeThex] (33) —166.9 [37]

a AzMX spin system:2J(PP)= 213 Hz,1J(PH) = 186 Hz.

b A3MX spin system:2J (PP) not observedJ(PH) = 180 Hz.
¢ R = PrzCgHa.

d AX3 spin system:—202.8 d,—521.9 q,2J(PP)= 31 Hz.

The Al-As bond length in [MgAIAsPhp]3-2toluene[15b] silyl groups Fig. 6). The CN 4 at the Al atoms may also be
is 252 pm; both of the atoms possess CN 4. In compari- an additional factor.

son [RAIAsPh} EtO [15c] exhibits a Al-As distance of Compound6 possesses crystallograph@ symmetry
243 pm caused by CN 3 for Al and As. Although the arsenic (Fig. 7) [16]. Every P atom in the rhombic dodecahedral
atoms in5 have CN three an average Al-As bond length of LisAl4Ps cage is surrounded by an organic substituent
247 pm was observed probably due to the steric bulk of the and four metal atoms, two Li and two Al atoms in a

Fig. 2. Heteroprismane structure 2d [14]. Fig. 3. Molecular structure ofe [13].
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Table 2
Comparison of the M—E bond lengths in M—-E cage compounds
Compound M-E (pm) Coordination number Reference
M E
[[BUAIPSIPh]3 (1) 241 4 4 [11]
[HAIASSI Pr3]g (2b) 248 4 4 [12]
[MeAIPSiPr3]g (2d) 237.9 (2) 4 4 [14]
[CIAIPSI Pr3]s (26€) 241 4 4 [13]
[HAIPSiMe,(CMex Pr)]7 (3) 239.5 (6) 4 4 [14]
[(Me3zN)HAIASSI Prs], 245 4 3 [12]
[Li(THF) 4][{Me2Al }3{MeAl } {PSiPr3}3] (4) 242.2 (3) 4 4 [14]
[Li(DME) 3]2[{Li(DME) }{AlH 2 }3{AsSiMex(CMe,' Pr)} 3] (5) 247 4 3 [15a]
[{Li(THF) }a{AlMe }4{P°Hex}¢] (6) 240 4 5 [16]
[{Li(OEt2) }4{AIH }4{AsSiPr3}¢] (7) 250 4 5 [12]
[Li 4{AIMe }4{PSiPrs}¢] (8) 242.5 (2) 4 4 [14]
[Pa(Cp*Al)e] (9) 233 é 3 [17]
241 a 4
[(Cp*Al)3As;] (10) 248 4 3 [18]
[{Li(OEt,)2}{(GaBu)(PBU)2(GeBu,)}] (12) 245 4 4 [24]
229 3 4
[(Ga'Bu)(PBU)2(GdBuy),] (13) 249 4 4 [24]
234.4 (2) 3 4
['PrGaPBul4 (15) 242 4 4 [25]
[{MesGa3{GaP(H}Bu}{P'Bul4] (17) 244 4 4 [25]
235 4 3
[{MesGg3z{GaP(H)Me3 {PMes 4] (18) 244 4 4 [26]
232.7 (4) 4 3
[Cp(CORFeGaPSiMegl4 (19) 243 4 4 [28]
[{(Me3Si)3CGat3P4] (20) 236 3 3 [30]
[{RGa} 3(Ga) PAd}4{P(H)Ad}] (21)° 240 4 3/4 [31]
231 3 3/4
[(GaR}(AsR)s(GaR)(HAsPh)] 23) 250 3/4 3/4 [32]
[Li(THF) 4] 2[(GaCh)s(AstBu)a] (24) 244 4 4 [33]
[[PrinPSiPR]4 (25) 259 4 4 [36]
[EtINPSIPr3]4 (26) 257-258 4 4 [37]
[MesInPMes} (27) 260 4 4 [27]
[{(CsHs)(CORMo}InPSiMe;] (29) 260 4 4 [39]
[In3(In2)3(PPh)(P2Ph)3Cl7(PEg)s] (30) 253-262 4 4 [38]
[Li(THF) 4]2[(INC1) 4(INCl2)2(As'Bu)s] (31) 263 4 3/4 [33]
[EtinPSiMeThexk (32) 257-263 4 4 [37]
[(MesInCly(InCl)2(As'Bu)s] (33) 262 4/5 4 [40]
[Li(THF) 4]2[(PhCHINCl)g(INCl)2(As'Bu)es] (34) 263 4/5 4 [40]
[Li(DME) 3]2[(InMe2)2(InMe)4(As'Bu)s]-2DME (35) 266 4 3/4 [40]
[(InMe2)2(INMe)s(As'Bu)s(OH)2]-2THF (36) 263 4 4 [40]
[(InMe)g(As'Bu)g(OH)2]-2.5THF (7) 265 4 4 [40]

a Al CN 4; A2 bound to two P atoms and ong-Cp* ligand.
b R = PrsCsHs.

square-pyramidal environment. Two of the P atoms have Compound? has the same build-up principle @sLi and
a transoid environment of the metal atoms and the other Alatoms inthe rhombic dodecahedralfi4Asg cage struc-
four acisoid one. Nevertheless, there was only one broad ture occupy the faces of an As octahedron. Interestingly, the
3P NMR signal observed at 86.7 ppm indicating a fluctu- more common arrangement of the building blocks in rhom-
ating cage or very similar chemical shifts broadened by the bic dodecahedra is a virtual octahedron of metal atoms upon
quadrupole moment and the spin BfAl. Li and Al have where every triangular face is occupied by an electroneg-
CN 4. This leads to a mean Al-P value of 240 pm. ative heteroatom. Examples include [(Mesg§FaDa4] [20]

A difference in Al-As bond distances was noted between and the core of the halides MXM = Mo, W; X = Cl-I)
the cisoid dimer [(MesN)HAIAsSIPrs], and the corre-  [10]. This structural correlation and inverse structure was
sponding produc®b (Fig. 8) because of the CN 3 of the As  also documented for MD, and N.Li, skeletong21]. In 7
atoms in the dimer and CN 4 in the latter compound. In fact, the Al and As bridging mode leads to 250 pm for the Al-As
245 and 248 pm do not vary as much as might be expectedbond lengths. The eight metal atoms6iand7 form a pseu-
perhaps because of the closer contact of the substituents irdocube with three intercrossir€p axes and approximately
a four-membered ring. Don symmetry for the rhombododecahedratig 9).
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Fig. 4. Molecular structure 08. The central A4Ps cage (Wurtzite type)
is capped § a P and an Al atom, respectively4].

Fig. 8. Molecular structure of the heteroprismaie[12].

The shorter Al-P (243 pm) and P—Li bonds8rin com-
parison to6 is due to the protection of the Liposition by
Si'Prs groups leading to unoccupied coordination sites at
Li* (Fig. 10 [14].

The result ofEq. (9)is an insoluble complex, consisting
of two incomplete heterocubane fragments connected at one
edge, [R(Cp*Al)g] (9) [17]. The Cg ligands at Al act in a
n° and an! fashion, respectivelyHig. 11).

According to Fig. 12 the closo cluster [(CFAl)3AS;]

(10) possesses Al-As bond lengths of 248 pm and Al-Al
bond lengths of 283 pm. The Al-As bond lengths are typi-
cal if one compares with electron precise Al-As cage com-
pounds, while the Al-Al bonds are significantly longer than
the bonds in [(MgSi),CH]2AI-AI[HC(SiMe3)2]2 (266 pm)
[22] and in (CFAl)4 (277 ppm)[23].

Compound11 is like 9 not soluble in organic solvents
without decomposition. The K—Al-P can be described as
Fig. 6. Computer-generated plot of the dianion5ifil5a] spirocyclic complex consisting of a six-membered,Py
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Fig. 9. Computer-generated plot of the rhombic dodecahedral mol&cule

(H positions of Al-H functions are not given in data bagE)]. Fig. 11. Molecular structure o [17]

Fig. 12. Closo structure of the Al-As compountiO [18].

Fig. 10. Molecular structure 08. The Li* sites are not occupied by
additional donor moleculef 4].

ring connected with two Punits giving CN 4 for the Al
atoms. One P atom of the three-membered,AiRg and
one of the six-membered ring is coordinated to the same
potassium cationHig. 13 [19].

3. Gallium compounds

In principle, both synthetic routes used for the generation
of Al-E cages can also be applied to build Ga—E frameworks.
Sometimes the metathesis reaction to form M-E bonds is

combined with a ligand redistribution, shown Eyg. (12)
[24]. Fig. 13. Computer-generated plot of the K—-P—Al spiro compalm{il9].
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/tBu
lBl.l \ /fa
. /o
3 'Bu,GaCl + 2 'BuPLi, 'Bu~ a/f §

Fa

'Bu
12

/‘Bu
tBU\ / a
. e
4 'Bu,GaCl + 2 'BuPLi, Bu~— a/}’ AN .
t 'Bu G\
Bu
13

One equivalent of G&uz must be cleaved for the for-
mation of 12 and 13. These salt metathesis reactions are

the key to a variety of Ga—E cages. However, a clean re-

'‘Bu

825

/OEt2
+ 3 LiCl + Ga'Bu,

/tBu
+ 4 LiCl + Ga'Bu,

12)

[Cp(CORFebGaCl and KP(SiMg), are the starting ma-
terials for the formation of [Cp(CQFeGaPSiMgls (19).
The salt KfCp(CO)Fe},Ga—PSiMeg] is a proposed inter-

action was only observed when the substituents on Ga ormediate after P(SiMg3 elimination which undergoes a salt
E are bulky enough to prevent a polycondensation, which elimination of K[CpFe(CQy] to give 19 [28].

leads to creation of polymeric materi@5—27] Therefore,
one does not observe aggregation of a intermediate=RM

An oxidative addition reaction between [(N®i)3CGal
[29] and R gives the cage compound(Me3Si)3CGa}3Ps]

ER to form M-E cage compounds but, rather, in all cases (20) according toEq. (15) [30]

the stepwise M—E bond formation with elimination of LiCl

[24—-27] Heterocubane molecules are the typical result of

such metathesis reactiofs). (13)
R

e )e—/;'T:

R

|

L, —> 1/4 T J_

RGaCl, + R'PLi, ! _Gd =P

a R'

AR

14: R='Bu; R' = SiPh, R' R

15:R="Pr;R'='Bu

16: R=Mes; R'='Bu

+ 2 LiCl

ps)

14-16 (13)
Complex 16 was only a by-product formed during

the treatment of HPLi» with a mixture of RGaCl and

GaCk which yielded the asymmetrical heterocubanes

[{RG&3{GaP(H)R}{PR}4] [R =Mes, R = 'Bu (17)

[25]; R = R = Mes (18) [26]; Eq. (14]). The protons for

the P(H)R units were delivered by the solvent (see &24h

R

\ . _~PHR

R /_IT—//ETa

|
3 RGaCl, + GaCl, + 5 R'PLi,

17: R = Mes; R' = 'Bu
18: R=R'=Mes

(14)

R P

\ R / \\ R
"Ga/‘jiGa—F{ PLP\\_\P \?a a%R
34 R \q’; SN P<P7P

R

(15)

Ga—As double bonds indicated by short exocyclic Ga—As
bonds of 231.8 (1) pm were found in the ring compound
[{Li (THF)3}2Gap{As(Si'Pr3)3}4] which was synthesized
from GaCk and LpAsSiPr3 [9].

An abstraction of protons together with ligand redistri-
bution was observed during the combination of two very
bulky reagents, [RGa@(THF)] and RPLi, (R = 'PrzCgH>;

R’ = 1-adamantane (Ad]B1] giving the tetranuclear com-
plex [{RGa}3(Ga} PAd}4{P(H)Ad}] (21). The heteropris-
mane [HGaAsSPr3]s (22) was prepared according (P)2]
proving the feasibility of H evolution with gallium hy-
drid species. The first large structurally characterized Ga—As
complex, [(GaRj(AsR)s(GaR:)(HAsPh)] 23), was syn-
thesized by a similar route, the elimination of SiMec-
complished with the reagents Ga(e$iMe3)3 and PhAsH

in Eg. (16) [32] In addition, As—As bonds were formed,
possibly with evolution of H.
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R R ing to a rather undistorted G4 skeleton with an average
I . _
AL —As Ga—P distance of 242 prfrigs. 14 and 1p[25,28]
NS ;f___‘ o The additional external P(HJRroup in17 and18induces
N A C\ a distortion of the heterocubane structure but the mean value
5GaR, +7 RAsH, ——> faR?—'SGQ Pi«S—R‘ of 244 pm is comparable to the valuelid (Figs. 16 and 1)
- SiMe Ase_ ~As The lower CN of the terminal phosphanido ligand causes
4 R/ As"'G\a \R' short Ga—P bonds of 23%%) and 232.7 (4) pm18) [25,26]

The differentiation by the CN is the main reason for rather

variable Ga—E bond lengths. 2 and 13 two categories of

23 distances were observdgis. 18 and 1P CN 4 at Ga leads
to 245 (@2) and 249 pm 13) (Ga—P) while CN 3 shortens

(16) the value to 229 and 234.4 (2) pi24].

. A comparable situation was found R1L with 231 and

. In contrast to (13) the reaction between Ga@nd 540 m Fig. 20. For 23 the authors only gave an average

BuAsLiz in the molar ratio 6:4 directly gives the G, agdistance of 250 pfB2] (Fig. 23). The shortening for

salt [Li(THF)]2[(GaChk)s(AsBu)a] (24) without gen- G, Agin the heteroadamantane dianioB4to 244 pm (CN

eration of Polymzeric materialEq. (17) The dianion 4 for Ga and As) is due to the cumulation of electronegative
[(GaChk)s(As'Bu)4]<~ has a heteroadamantane framework ligands on the Ga atoni83] (Fig. 22.

[33].

R = CH,SiMe,; R' = Ph

oo THF . Cl~ a 6 LiCl
6 GaCl, + 4 R'AsLi, 2 [Li(THF),] c— Ga +OoL
rCC

R ='Bu o -G

24 a7

0”3!)1’ a singlet signal was expected fb4-16 and 19 in Compound20 possesses a structure which can be struc-
their °*P NMR spectra (se@able J. However,17, 18 and turally derived from RSz or the Zintl anion B~ [30] with

21 should show a set of resonances, depending on the sym, rather short Ga—P distances of 236 pm caused by CN 3 on
metry of the compounds in solution. Compout@lexhibits the Ga and the P atombig. 23.

a AsMX spin system caused by the three different P atoms
in the GaPs framework. Three peaks in the ratio 3:1:1 (3.5,
—9.0, —64.3 ppm) were observed fd7 and similar for
18 (—45.5,-46.5, —147.4 ppm), but only fol7 the cor-
responding coupling pattern was fourfd (PP)= 213 Hz].
This is quite rare because of the quadrupole moment and the
nuclear spin of Ga. Therefore, the coupling was assumed to
be a “through space” interaction. Other examples of such
coupling were found in a few Ga—P four- membered ring
compoundg34,35] and in20 [30]. Compoundsl8 as well
as?1 (—80.3,—67.8, 31.4, 46.0 ppm) exihibit no coupling
pattern[26,31] A comparison between th&3P) values
of the different P atoms indicates a rough correlation be-
tween the position of the signal and the bridging modus of
the P atom: as more Lewis acidic metal atoms are bound
to the pnicogen atom the resonance signal moves to lower
field (always for one sort of substituent at the P atom). The
P4S3-like cage compound0 gives a AXg spin system in the
31p NMR spectruni30] in solution with a2J(PP) coupling
constant of 31 Hz (se€able 2.

The variation of the Ga—P bond lengths 1 are small
because of the similarity of tHer and'Bu substituents lead- Fig. 14. Molecular structure of the heterocubane compali{25].
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Fig. 17. Molecular structure aof8 [26].
Fig. 15. Molecular structure af9 [28].

Fig. 18. Structure of the salt2 [24].

Fig. 16. Computer-generated plot @7 with a slightly distorted hete-
rocubane structurg25].

4. Indium compounds

Three synthetic routes can be adopted for the formation
of heterocubane molecules with indium. The elimination
of an alkane was used for the generation' BfhPSiPh]4
(25) [36] and [EtInPSiPr3]4 (26) [37] Eq. (18) while
[MesInPMes} (27) was formed in a salt metathesis ac-
cording to Eq. (13) [27] Eq. (18)is also useful to ob-
tain and isolate a corresponding In—As heterocubane, the

[EtinAsSiPrs]4 (28) [37]. Fig. 19. Structure of the neutral compoufd [24].
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Fig. 20. Structure of the spirocyclic compl&d [31]. cn

Fig. 22. Structure of the dianion @4 derived from the Zinc Blendf83].

Si3

P2 P3

Fig. 23. The GgP4 cage in compoun@0 is isostructural to Sz [30].

Fig. 21. Molecular structure d23 [32].

Rl

\ p R
) PN
\ /:1 n—IP
_FI);/ InR, + PR, ——> 1/4 Inl—/P\ + 2 Me;SiCl
/PRLIQ R’
INR;+ RPH,  — > 1/4 |—/ +2RH R R
| .
R/ R R 29
25: R = Pr; R' = SiPh, 25 26 .
26: R = Et; R = SiPr, ’ R = [(CoHe)(COJMo]; R = SiMes
(18) (29)
The third method, the elimination of M8ICl, was Compound  [IB(Inz)s(PPh)(P2Php)sCl7(PE%)s]  (30)

applied to build-up the metalla-substituted complex was obtained by the treatment of InGkith PhP(SiMe)»
[{(CsHs)(CO)sMo}InPSiMes] (29) [39] Eq. (19) in the presence of PEfaccording toEq. (20) [38]
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9 InCl, + 3 PEt; + 10 PhP(SiMe,), R
R .
e
[Ing(Iny)4(PhP),(Ph,P,),Cl,(PEt,)s] + 20 Me,SiCl 6INEt,+6RPH, — > | ! —|(|1|\ +12EtH
5L P
30 e i \R"\R .
(20) R = Et; R' = SiMe, Thex
32
(22)
Besides the loss of M&ICl and the formation of In—P In order to expand the size of the In—-E cages, mix-
bonds, redox processes occur during the reaction which leadures of organochlorometallanes and InGlere treated
to the formation of additional P—P and In—In borj@s]. with Li»As!Bu. The reaction of MesInGland InCk with

An IngAsg cage was found when In€ivas treated with LioAs!Bu in a molar ratio of 4:2:4 gives the neutral complex
'BuAsLi, in a molar ratio of 1:1 according t&q. (21) [33] [(MesInCl)(InCl)2(As'Bu)4] (33) according toEq. (23)
The dianion in [Li(THF)]2[(INCl)4(InCl2)2(As!Bu)g] (31) [40].
can be derived from a heteroprismane by formal addition of

two CI~ ions.
™ [(RInCI),(InCl),(As'Bu),] + p LiCl
33
D
k RINCl, + n INXYZ + m Li,As'Bu > [Li(THF),L[(RINCI)s(InCl),(As'Bu)e] + p LiCl
34
3 : t, . .
[Li(DME)5L[(RIN) (RoIn),(As'Bu)e 2DME + p LiCl
35
33:R=Mes;X=Y=Z=Cl;k=4;n=2;m=4;D=Et,0;p=8
34:R=PhCH,; X=Y=Z=Cl;k=6;n=2,m=6; D=THF; p=10
35:R=Me; X=Y=Me;Z=Cl;k=4;,n=2; m=6; D=DME; p=10 (23)
f 1
6InCl; +6 RAsLi, ——> 2[L(THR),* . o " | S +10 LiCl
\AS —In §
//‘ X
R'='Bu R CI A\
31 (21)

The combination of PhCHNCl», InClz and LbAs'Bu in a
ratio of 6:2:6 on the other hand leads to a salt with a dianion,
This IngAsg heteroprismane is still intact in [RINPR [Li(THF) 4] 2[(PhCH:INCl)6(INCl)2(As'Bu)e] (34) Eq. (23)
(32; R = Et; R = SiMe;Thex) [37] generated from Inkt [40]. An asterane-like dianion is the result of the combina-
and HPR by the elimination of an alkanEg. (22) tion of MexInCl, MeInCh and LbAs!Bu (2:4:6) in DME giv-



830 B. Neumdller, E. Iravani / Coordination Chemistry Reviews 248 (2004) 817-834

ing [Li(DME)3]2[(InMe2)>(InMe)s(As'Bu)g]-2DME  (35) Compounds25-29 possess weakly distorted Py, het-

Eqg. (23) erocubane skeletons with quite similar In—-P distances of
In a recent paper, it was shown that the partial hydrolysis 259-260 pm (se@&able 2 Figs. 24-27.

of group 13 compounds leads to cage-expansion reactions The In-P cage ir80 consists of six- and five-membered

[41]. This method was also applied in 13/15 chemi§4@). rings containing In—P, In-In and P—P bonds. For every In—In

After reaction of MeInClI, MeInCh and LbAs!Bu in a ratio bond (mean value 274 pm) a P—P bond (mean value 222 pm)

of 2:6:6 only a microcrystalline powder could be isolated. was formed. According to a count of the valence electrons

After addition of small amounts of wet THF the octanuclear (54 VE) all 27 bonds of the cage are 2-center-2-electron

complex [(InMe)2(InMe)s(As'Bu)g(OH),]-2THF (36) was bonds leading to an electron precise description of the com-

formed. This method was also successful in the reaction of plex skeleton. The cage is centered by a @n. However,

MelInCl, and LibAs!Bu with the ratio of 1:1. A nonanuclear theoretical calculations have shown that the central iGh

cage molecule [(MelrYAs'Bu)g(OH)z]-2.5THF B7) was is not necessary for the stability of the c488]. The shortest

obtained in good yield40] Eq. (24)

> [(INMe,),(InMe)(As'Bu)s(OH),] 2THF

36
THF; + p LiCl + 2 HCI
H,O
k RInCl, + n InXYZ + m Li,As'Bu
- LiCl; - HCI
—> [(InMe)g(As'Bu)g(OH),] 2.5THF
37
36: R=Me; X=Y=Me;Z=Cl;k=6;n=2;m=6;p=12
37:R=Me;k=1;n=0;m=1 (24)

Only a singlet was expected for the heterocubane gistances to the next indium atoms are 307, 303 and 301 pm
molecules25-29 (seeTable ] because of their symmetry.  (rig. 2g).

to —168.0ppm in comparison to the resonancesldM  |onger than ir25-29, although one should expect a length-
= Al) and 14 (M = Ga). However, there is no simple rule  gnjng of approximately 10 pm when compared with the In-P
to unterstand the trend in t#*'P) values because of the ponds. The reason again must be mainly the electronega-
interaction of many parameters to the P atoms like bond tjye chiorine ligands on the indiurf83]. The structure of

angles, electronic influence of the bound metal atom and he dianion in31 (Fig. 29 is related to the Wurtzite struc-
the substituents on the metal atom.

Fig. 24. Molecular structure of the heterocubane comp®6{B6]. Fig. 25. Molecular structure d#5 [37].
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Fig. 26. Heterocubane compou@@ with In-Mo bonds[39].

Fig. 27. Plot of the homoleptic substituted heterocubane comp@idnd
[27].

ture and to asterane-type molecules like the carbosilane
[Cl2Si(CH)(SICI)2CH3] 2 [42].

The intact heteroprisman® possesses slightly longer
In-P bonds (highest value 258 pm) than the values ob-
served in the heterocubane molecué (highest value
263 pm) because of the bulky SikEhex ligands (Thex
= -CMeCMey) (Fig. 30.

The Cz-symmetrical In-As—Cl skeleton &3 can be de-
rived from a rhombic dodecahedron if one creates four ad-
ditional In—CI bonds (e.g. In2CI2a). The six indium atoms
form an octahedron and all eight faces of the octahedron are
occupied by Cl and As atom&ig. 31) [40].

The dianion in34 does not fit in a simple scheme.
The structural motif is @3g-symmetrical In-As—Cl cage
built-up by a hexagonal-bipyramidal In core. The atoms
of the basal plane are bridged alternatively by Cl and As

Fig. 28. Molecular structure d80 with an included Cf ion [38].
ci3

Ci2

Fig. 29. Structure of the dianion 81 [33].

Fig. 30. Plot of the heteroprismane compowi[37].
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Fig. 31. Structure of the neutral In-As—Cl cage compoG8d40].

Fig. 32. Structure of the dianion i34 [40].

atoms above and below every In-In edge. The As atoms are
coordinated to the apical indium atoms. Together a network
of four- and six-membered rings is formelgig. 32 [40].

In contrast, the dianion i85 can be derived directly from
a heteroprismane at which two edges were opened by ClI
ions. TheCyp-symmetrical In—-As cage is comparable to the
In—As cage ir21 (Fig. 33. The long In—As bonds (267 and
269 pm) on In2 are remarkable. This can be explained by the
two negative charges on the In-As cage and the two bulky
!Bu groups on As2 and As2a causing the elongation of the
In—As bonds.

In 36 the asterane motif 081 and 35 is bridged and
closed by two units MEnOH. At every OH function a THF
molecule is bound via hydrogen bridgingig§. 34). This

Fig. 33. Structure of the dianion i85 with asterane structurgO].

Fig. 34. Molecular structure d36 containing two MelnOH units [40].

Fig. 35. Structure of the nonanuclear neutral complex comp@&ir{d0].
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