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Stepwise Reduction of Dinitrogen to Nitride Assisted Scheme 1

by Niobium Bonded to Oxygen Donor Atoms: The

Potential of Reduced Forms of Niobium w
Calix[4]arene
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Our approach for mimicking the reduction of nitrogen with 2) 2Na, thf ol o
transition metal complexés,in an oxygen-rich environmeht o) dme = 2N, tht
centers on the utilization of low-valent niobidrbound to the —— [Nb{calixi4]HO)alNas(thilel
calix[4]arene tetraanioh.Such species can react to form metal 3 & v
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Scheme 1 displays the relationship between these two reaction KA {C”‘i N \:Nb/< >/Nu\\”
pathways. The stepwise reduction bfunder argon using Na o7 o o7 3o R )
metal in THF allowed for the isolation and identification 2f M M I
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M. Yu.; Struchkov, Yu. TAngew. Chem., Int. Ed. Endl993 32, 1178. = 11.6 Hz, CH), 4.79 (d, 4H,J = 11.6 Hz, CH), 7.0 (s, 8H, Ar). Anal.

(4) Only two niobium dinitrogen compounds have been so far reported: Calcd for 3, Cy12His2NaNb,O14: C, 68.82; H, 7.85. Found: C, 68.68; H,
Dilworth, J. R.; Henderson, R. A;; Hills, A.; Hughes, D. L.; Macdonald, C.;  7.80.
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g, 7.06 mmol) were added to a THF (380 mL) suspensial(@fHs),.6 (19.90 was stirred at room temperature for 2 days. The brown suspension became a

g, 11.14 mmol), and the reaction was stirred at room temperature for 3 days. dark solution which was filtered, degassed, saturated with nitrogen, and stirred
The solid residue was extracted with the mother liquor for 40 h, volatiles at room temperature for 4 days. Volatiles were removed in vacuo, the yellow
were removed in vacuo, and the brown microcrystalline residue was washed solid residue was washed witithexane (200 mL) and then collected and

with n-hexane (100 mL), collected, and dried in vacuo (16.0 g, 81%4). dried in vacuo (18.08 g, 76%JH NMR (CsDsN, 298 K, ppm): 6 1.14 (s,
NMR (CD.Cl,, 298 K, ppm): 0 1.15 (s, 18H, BY), 1.24 (s, 36H, BY, 1.28 72H, BU), 1.60 (m, 24H, THF), 3.12 (d, 8H] = 12.0 Hz, CH), 3.64 (m,

(s, 18H, BY), 1.81 (m, 16H, THF), 3.36 (d, 4H, = 12.0 Hz, CH), 3.57 (d, 24H, THF), 4.89 (d, 8HJ) = 12.0 Hz, CH), 7.14 (s, 16H, Ar). Anal. Calcd
4H,J = 13.1 Hz, CH), 3.67 (m, 16H, THF), 4.40 (d, 4H,= 13.1 Hz, CH), for [Nbx{ calix[4]-(O)a} 2(u-N2)Nap(THF)s], C11H15NNagNb,O14: C, 67.85;
452 (d, 4H,J = 12.0 Hz, CH), 7.07 (s, 4H, Ar), 7.16 (s, 4H, Ar), 7.22 (s, H, 7.74; N, 1.41. Found: C, 67.44; H, 7.74; N, 1.41. When a THF solution
4H, Ar), 7.32 (s, 4H, Ar). Anal. Calcd. f®-THF,, CioH13Nb,012: C, 70.80; of analytically pure3 was saturated with Nand stirred at room temperature

H, 7.79. Found: C, 70.73; H, 8.11. Crystals suitable for X-ray analysis were overnight,5 was quantitatively formed. Crystals of complBxsuitable for
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Figure 1. ORTEP drawing of complex 5 (30% probability ellipsoids).
Selected bond distances (A): NbO1, 1.991(8); Nb:N1, 1.748(12);
N1-N1", 1.390(17); O+C1, 1.350(10). Bond angles (deg): ©ilbl—

N1, 102.9(3); O+xNb1-01, 87.1(3); Nb+01-C1, 132.1(6); Nbt
N1—-N1", 180.0(-). Prime and double prime denote transformations of
0.5 -y, x, zandx, 0.5—y, 0.5 — z respectively. Disorder involving the
guest benzene molecule has been omitted for clarity.

The crystals of5'? from diglyme consist of {Nb(p-Bu'-
calixarene),(u-N,)]?>~ dianions (Figure 1), disordered [Na-
(diglyme)] " cations, and benzene hosted in the calixarene cavity.

Communications to the Editor

Figure 2. ORTEP drawing of complex 7 (50% probability ellipsoids).
Selected bond distances (A): NbD1, 2.117(6); Nb+ 02, 2.067(6);
Nb1-03, 2.117(5); Nb+ 04, 2.084(6); Nb+N1, 1.906(6); Nb+N1',
1.914(7); Nat-N1, 2.433(8). Bond angles (deg): NNb1—-N1', 85.7(3);
Nbl'—N1-Nal, 96.6(3); Nb+N1—Nal, 97.1(3); Nb+N1-Nbl, 94.3(3).
Prime denotes a transformations-ex, —y, —z

has complete cleavage been obsef?eeil® The weak N-N
single bond in5, reduced with Na, led to the nitride dimer
complex7*° (Figure 2)?° The dimer has &; symmetry and a
planar NBN, core, with Nb--Nb and N--N separation of 2.801(1)
and 2.598(8) A, respectively. The nitritf@nion bridges the two
Nb with an average distance of 1.910(7) A and experiences a
long-distance interaction with Naat 2.433(8) A.

The stepwise reduction of No nitride achieved using the Nb
calix[4]arene fragment has several analogies with the pioneering

Each Nb calixarene unit possesses a crystallographically imposedwork by Cummins, who used & d/o(lll) trisamido complex:

C, symmetry, with the niobium displaced by 0.446(1) A from
the Q planar core. The NbN [1.748(12) AJ® and the N-N
[1.390(17) A] distances support the presence iaf the four-
electron-reduced hydrazido form of dinitrogen. This is indirectly
supported by the reaction o with PhCHO to give the
corresponding aziféand the niobyl derivativ8,*® obtained also
by reaction of3 and5 with O,. The N—N distance is the longest
ever found in an end-on bridging,Nand is comparable to that
in the hydrazido complexé§. The reducing power of the
carbenoid Nb(lll) in the active forr8 is displayed in the reaction
with azobenzene, with the complete cleavage of tkeNNand
the formation of the terminal imido Nb complet” [Nb=N,
1.758(15) A; Nb-N—Ph, 175.5(15). Only in a few other cases

(12) CryStaI data fob: ngH104N2Nszg'ZClezg'\laQ;'ZCeHs, M= 22425,
tetragonal, space groupy/nng a = 12.950(2) A,c = 40.164(5) A,V =
6735.6(17) &, Z = 2, Deag = 1.106 g/crd, F(000) = 2388, A(Cu Ka) =
1.54178 Au(Cu Ka) = 19.29 cni®: crystal dimensions 0.12 0.35 x 0.52
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1365. Canich, J. A. M.; Cotton, F. A.; Duraj, S. A. Roth, W Rhlyhedron
1986 5, 895.
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refined for all non-H atoms except for those affected by disorder. For 837
unique observed reflections $ 2a(1)] collected atT = 295 K on a Rigaku
AFC6S diffractometer (6 < 26 < 140°) and corrected for absorption, the
final Ris 0.070 (WR = 0.219 for the 1936 reflections having> 0 used in
the refinement).

(13) (a) Green, M. L. H.; James, J. T.; Saunders: J. F.; Sout&rChem.
Soc., Dalton Trans1997 1281. (b) Nugent, W. A.; Mayer, J. MMetal—
Ligand Multiple BondsWiley: New York, 1988; Chapter 5, p 179. (c) Cotton,
F. A; Duraj, S. A.; Roth, W. JJ. Am. Chem. S0d 984 106,4749. (d) Tan,

L. S.; Goeden, G. V.; Haymore, B. llnorg. Chem.1983 22, 1744. (e)
Lockwood, M. A.; Fanwick, P. E.; Eisenstein, O.; Rothwell, l.JPAm. Chem.
Soc.1996 118 2762.

(14) Turner, H. W.; Fellmann, J. D.; Rocklage, S. M.; Schrock, R. R.;
Churchill, M. R.; Wasserman, H. J. Am. Chem. Socl98Q 102 7809.
Rocklage, S. M.; Turner, H. W.; Fellmann, J. D.; Schrock, R(Rgano-
metallics1982 1, 703.

(15)*H NMR (CsHsN, 298 K, ppm): 6 1.20 (s, 36H, Bi), 1.59 (m, 16H,
THF), 3.40 (d, 4HJ = 11.7 Hz, CH), 3.64 (m, 16H, THF), 5.25 (d, 4H]
=11.7 Hz, CH), 7.28 (s, 8H, Ar). Crystal data are reported in the Supporting
Information.

(16) Schrock, R. R.; Glassman, T. E.; Vale, M. G.; Kol, MAm. Chem.
Soc 1993 115, 1760.

(17) For the preparation and crystal data, see the Supporting Information.

(THF)12], CizdH200N2NauNb,O,0: C, 66.36; H, 8.21; N, 1.14. Found: C, 66.45
H, 8.09; N, 1.12H NMR (CsDsN, 298 K, ppm): 6 1.12 (s, 72H, Bl), 1.60
(m, 48H, THF), 3.13 (d, 8H) = 11.7 Hz, CH), 3.64 (m, 48H, THF), 5.29
(d, 8H,J = 11.7 Hz, CH), 7.01 (s, 16H, Ar). Crystals of for X-ray analysis
were obtained from DME/chlorobenzene, which remains as crystallization
solvent.

(20) Crystal data for7: CjoH14NNayNbO16:6CH:Cl, M = 2631.4,
triclinic, space groupa = 17.086(3) lf,b =17.767(3) A,c = 12.709(2) A,
o = 101.49(2}, B = 104.63(13, y = 66.10(1}, V = 3392.3(10) A3z =1,
Deaica = 1.288 g/cr, F(000) = 1384,A(Cu Ka) = 1.54178 Au(Cu Ka) =
31.26 cm?; crystal dimensions 0.2% 0.30 x 0.52 mm. The structure was
solved by the heavy atom method and anisotropically refined for all non-H
atoms except for those affected by disorder. For 5963 unique observed
reflections [ > 20(l)] collected atT = 143 K on a Rigaku AFC6S
diffractometer (8 < 260 < 14(°) and corrected for absorption, the firRlis
0.067 (WR = 0.202 for the 10035 reflections havirig> 0 used in the
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S.; Poli, R.; Priermeier, TJ. Am. Chem. S0d.994 116, 4989. (c) Caulton,
K. G.; Chisholm, M. H.; Doherty, S.; Folting, KOrganometallicsL995 16,
2585. (d) Laplaza, C. E.; Odom, A. L.; Davis, W. M.; Cummins, CJCAm.
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