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The elegance and symmetry of the structures of cluster butyl)sulfamide with"Bus*BuMg in toluene/tetramethylethylene-
compounds of the main group elements continue to pique the diamine (TMEDA) results in incomplete magnesiation to give
imagination of chemists. Recent investigations of ternary systems (eq 1)?
containing homoleptic polyimido anions of the p-block elements,
as their alkali metal derivatives, illustrate the richness of the ZOZS(NHtBu)2+ MgBUZM
subject!? The structures of these clusters involve aggregations toluene
of smaller units that maximize interactions between polar RN
Li* units, cf. the concept of ring-laddering for lithium amides.

The structural consequences of replacing one or more of the
NR groups attached to the p-block element in these ternary clusters A crystal structure determination ofi® revealed that two
by an isoelectronic oxo ligand are not readily predictable. In the [0,S(NBu)(NHBU)]~ ligands are chelated in an O,N-bonding
only reported examples, dilithium derivatives of the heteroleptic mode to Mg" with an almost linear [172.8(1) OMgO unit
imido/oxo dianions [OS(Bu)(NR)F*~ (R = 'Bu, SiMe;) were (Figure 1). The molecule of TMEDA completes the highly
characterized as 36 atom (bk$OsNi;) clusters whose novel  distorted octahedron around the Mgation. The S-NH!Bu bond
structures are generated by oligomerization of smaller units via |engths are ca. 0.1 A longer than the-I8'Bu bonds of the
their Li,O, face &= 2, R='Bu; x = 3, R= SiMey).* Extension  ¢oordinated nitrogen atoms. To our knowledge the anichig
of this concept to quaternary systems involving the dianions tne first aza analogue of the H$Oanion.

[O-S(NR)J*" (x = 1, 2) evokes the possibility of extended  The Jithiation of4 with 2 equiv of LFBu produces (eq 2)
structures formed by aggregation througlo Li O faces of the

fundamental unit. The recent reports of the first tetraazasulfate 4Mg(TMEDA)[O,S(N'Bu)(NH'Bu)], + 8Li"Bu

(1)% and triazasulfate2)” anions, and the interest in sulfamide as

a building block for the design of molecular solfiprompt us 4
to describe our studies of the first alkali or alkaline earth metal THE
complexes of a diazasulfate diani@;The novel heterobimetallic

cluster{ Li sMg[O,S(N'Bu),]s*4THF} , (5) is constructed from two

Mg(TMEDA)[O,S(NBu)(NHBU)], + 2BuH (1)
4

Li,Mg[O,S(NBu),], and two Lb[0,S(NBu),] molecules ag- {Liy(THF);Mg[O,S(NBu), 5}, + 2Mg[O,S(N'Bu),] @
gregated through a central step-shape} unit. 5
* —2- —2- The structure of the quinary systéswvas determined by X-ray
‘BuN N'Bu ) N'Bu 0 0 crystallography2 which revealed a 36 atom ¢Nlg,SsO10N12
L O s
BuN® \N‘Bu BN \N'Bu BuN \N‘Bu (7) Fleischer, R.; Freitag, S.; Stalke, D.Chem. Soc., Dalton Tran$998
193-197.
1 2 3 (8) Gong, B.: Zheng, C.; Zhang, J. Am. Chem. S04.998 120, 11194
11195.

In an attempt to prepare MgpS(NBu),], an isoelectronic
analogue of MgSQ) we found that the reaction ®f,N'-bis(tert-

(9) To synthesizd, a solution of dibutylmagnesium (12.0 mL, 12.0 mmol,
1.0 M"BuseBuMg solution in heptane) in TMEDA (25 mL) was added
slowly to a stirred solution of €5[N(H)Bu], (5.00 g, 24.0 mmol) in
toluene (100 mL) at 23C. The clear, colorless reaction mixture was
stirred for 3 h. Removal of solvent in vacuo yielded white amorphous
TMEDA-Mg{ O,S[N'BU][N(H)'Bu]}» (6.39 g, 11.5 mmol, 96%); mp
145-147 °C. *H NMR (in C¢Ds at 23°C): ¢ 3.60 (s, 2H, NH), 2.23

* University of Ottawa. (br, 16H, TMEDA), 1.54 (s, 18H'Bu), 1.44 (s, 18H!Bu). IR (KBr,

(1) Forrecentreviews, see: (a) Beswick, M. A.; Mosquera, M. E. G.; Wright, Nujol mull): 3372 (br) cmi* [v(N—H)].

D. S.J. Chem. Soc., Dalton Tran$998 2437-2443. (b) Beswick, M. (10) Crystals of4 were obtained by recrystallization from TMED#/
A.; Wright, D. Coord. Chem. Re 1998 176, 373-406. hexane (4:1) at OC (3 days). Crystal data fak CyHsaMgNeO4S,, M
(2) For group 16 systems, see: (a) Fleischer, R.; Freitag, S.; Pauer, F.; Stalke, = 555.14, monoclinic, space grol2,/c, a = 14.914(3) Ab = 9.321-
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D. Angew. Chem.nt. Ed. Engl.1996 35, 204-206. (b) Chivers, T.;
Parvez, M.; Schatte, Gnorg. Chem1996 35, 4094-4095. (c) Chivers,
T.; Parvez, M.; Gao, XAngew. Chem., Int. Ed. Endl995 34, 2549~
2551. (d) Chivers, T.; Parvez, M.; Gao, lorg. Chem1996 35, 4336-
4341. (e) Fleischer, R.; Stalke, Boord. Chem. Re 1998 176, 431—
450.

(3) (@) Mulvey, R. E.Chem. Soc. Re 1998 27, 339-346. (b) Gregory,
K.; Schleyer, P. v R.; Snaith, RAdv. Inorg. Chem1991, 37, 47—142.

(4) Brask, J. K.; Chivers, T.; Parvez, M.; Schatte, Agew. Chem., Int.
Ed. Engl.1997 36, 1986-1988.

(5) Brask, J. K.; Chivers, T.; McGarvey, B.; Schatte, G.; Sung, R.; Boere

R. T.Inorg. Chem.1998 37, 4633-4636.
(6) Fleischer, R.; Rothenberger, A.; Stalke Ahgew. Chem., Int. Ed. Engl.
1997, 36, 1105-1107.

(2) A, c = 23.219(4) A8 = 97.350(4}, V = 3201.3(9) &R, Z = 4,
peaica= 1.152 g cm®, u(Mo Ka) = 0.220 mnT?, A(Mo Ka) = 0.710 73

A, T = —70°C, F(000)= 1216.

To synthesiz®, a 2.5 M solution of'BuLi in hexanes (0.72 mL, 1.80
mmol) was added slowly to a stirred solution4{0.50 g, 0.90 mmol)
in THF (30 mL) at 23°C. The colorless reaction mixture was stirred for
3 h. Concentration (ca. 3 mL) and subsequent layering of the solution
with n-hexane (ca. 2 mL) yielded colorless blocks{¢THF),Li,Mg-
[S(O)(N'Bu),]3}2 (0.23 g, 0.12 mmol, 53%); mp 24% dec.'H NMR

(in dg-THF at 23°C): ¢ 3.58 [m, 32H, O(E,)(CH,)7], 1.74 [m, 32H,
O(CHy)2(CH2)2], 1.26 (s, 18H,Bu), 1.25 (s, 18H!Bu), 1.22 (s, 18H,
tBu), 1.21 (s, 18HBu), 1.20 (s, 18HBu), 1.19 (s, 18H!Bu). Li NMR

(in dg-THF at 23°C): ¢ 3.38 (br), 2.63 (br), 2.07 (br) (approximate
relative intensities of 1:2:1, respectively).

10.1021/ic9903578 CCC: $18.00 © 1999 American Chemical Society
Published on Web 07/16/1999



Communications

C13

Figure 1. Crystal structure of Mg(TMEDA)[GS(N'Bu)(NH'BU)], (4).
For clarity onlyo-carbon atoms oBu groups are shown. Bond lengths
(A) and angles (deg): MgN(1) 2.220(3), Mg-N(3) 2.205(3), Mg~
N(5) 2.299(3), Mg-N(6) 2.290(3), Mg-O(1) 2.084(2), Mg-O(3) 2.081-
(3), S(1)-0(1) 1.482(2), S(£y0O(2) 1.442(2), S(2yO(3) 1.477(2), S(2»
O(4) 1.432(2), S(EyN(1) 1.540(3), S(1yN(2) 1.637(3), S(2rN(3)
1.551(3), S(2)N(4) 1.645(3), O(1yMg—N(1) 66.01(9), O(3yMg—
N(3) 66.37(9), N(1)Mg—N(3) 99.39(10), N(5-Mg—N(6) 79.88(11).

cluster with two terminal OLi(THF)groups (Figure 2). Each half
of the centrosymmetric dimes consists of an L{O,S(N'Bu),]
unit and an Li(THF);Mg[O,S(N'Bu),], unit. The two halves are
connected by a central JO, ladder. The outer rungs of this ladder
are formed by Li-O bonds of each LjO,S(NBu),] unit while
the inner rungs involve ©Li(THF) bonds of the two Li(THF),-
Mg[O2S(NBU),], units. The!H NMR spectrum of5 in dg-THF
at 23 °C shows six equally intense resonances'Bur groups
consistent with retention of the dimeri€ij structure in solution.
The dianion in5 is the first example of a diaza analogue of
the SQ?~ anion, 3. In covalent derivatives, e.g., 9(u-N'-
Bu),PCI 2 L,Pt{O,S(NR)] (L = PR3, R=H,**L = cod, R=
Ph) and Fg(CO)[u-PhNSQNPh] !> an N,N'-bonding mode
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Figure 2. Crystal structure of Li4(THF)sMg[O.S(NBuU),]s}2 (5). For

clarity only the oxygen atoms of THF molecules andarbon atoms of
Bu groups are shown. Bond lengths (A): Mg(D(2) 1.972(9), Mg-
(1)—0(3) 2.064(8), Mg(1)-O(6) 2.085(8), Mg(1)}N(3) 2.092(5), Mg-
(1)—N(5) 2.052(10), SO (range) 1.478(8)1.498(8), SO (mean)
1.488(8), SN (range) 1.537(16)1.585(9), SN (mean) 1.558(10),
Li—N (range) 1.89(2)2.07(2), Li(3)--N(3) 2.42(2), Li-O (range) 1.88-

is observed for the diazasulfate ligand and the O atoms are not(2)—2.13(2), Li-O(THF) (range) 1.91(2)1.96(2), Li(1)--O(6) 2.35-

involved in coordination. The triazasulfate dianidis alsoN,N'
bonded to all three Li ions in the lithium iodide adduct
[(THF)sLi3(us-1){ OS(NBu)s}].” By contrast the dianioB exhibits
N,O-chelation toward both the tiand Mg* cations in5. One
of the [O,S(NIBu),]?" ligands is chelated to two tiions, and a
second is chelated to one Liand one Mg" ion. The third
dianionic ligand is coordinated tiiree metal ions via chelation

(2). Starred atoms are related by the symmetry transformatios- 1,
-y+1 -z+ 1.

with trans oxo ligands and trans imido groups and an oxo ligand
in the axial position. All nitrogen atoms are three-coordinate. The
oxygen atoms O(3), O(4), and O(6) are two coordinate, O(1) and
0O(2) are three-coordinate, and O(5) is four-coordinate. All lithium
ions are four-coordinate with the exception of Li(3), which is

to Mg?* and monodentate coordination through an N atom to the three-coordinate. Pertinent details of bond lengths are given in

three-coordinate L' ion and through an oxygen atom to the
trisolvated Li" ion. Undoubtedly solvation of Li(4) by three THF

the caption to Figure 2.
In summary, the combination of magnesiation followed by

molecules obviates the formation of a more extended structure, jithiation provides crystalline material that allows the first

which could otherwise occur by aggregation via Li4)(4) units.
The Mg" ion in 5 is five-coordinate (distorted square pyramidal)

(12) Crystal data fors: (CaoHgeNeO1053MgLi4)-0.5CGHsO, M = 995.46,
triclinic, space groufl (No. 2),a = 13.944(8) Ab = 17.369(7) Ac
= 13.641(8) A,a = 107.75(5y, B = 112.96(5}, y = 90.06(4}, V =
2870(4) B, Z = 2, peacg = 1.152 g cm?, u(Mo Ko)) = 0.193 mnt?,
(Mo Ka) = 0.710 69 A, T = —103°C, F(000) = 1080.

(13) Cowley, H.; Mehrotra, S. K.; Roesky, H. Vlhorg. Chem.1981, 20,
712—-716.

(14) (a) Parkin, I. P.; Woollins, J. D]. Chem. Soc., Dalton Tran499Q
519-523. (b) Kemmitt, R. D. W.; Mason, S.; Moore, M. M.; Russell,
D. R.J. Chem. Soc., Dalton Tran$992 409-415.

(15) Kabir, S. E.; Ruf, M.; Vahrenkamp, H. Organomet. Cheni1996 512,
261-263.

structural characterization of an ionic diazasulfate complex. This
heterobimetallic strategy may be useful in the initial structural
characterization of hitherto unknown heteroleptic imido/oxo
anions of p-block elements isoelectronic withand 3, e.g.,
[OP(NR)-* and [QSi(NR)-*".
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