Inorg. Chem.1996, 35, 4013-4016 4013

Synthesis and Structures of Sb[N(H)(GH2'Bus)]s and Bi[N(H)(CsH2'Bus)]s: Implications for
the Steric Limits of Supermesityl Substitution

Neil Burford,* Charles L. B. Macdonald, Katherine N. Robertson, and T. Stanley Cameron*

Department of Chemistry, Dalhousie University, Halifax, Nova Scotia B3H 4J3, Canada
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Syntheses and isolations of the tris(amino)stibine and tris(amino)bismuthine E[NHH¥Ts)]s (E = Sb, Bi)

from ECk and LiN(H)(GsH2'Bus) are described, together with spectroscopic and structural characterization [crystal
data for GsHgoNsSh, M = 903.04, space groupl, a = 11.491(5) A,b = 24.652(7) A,c = 10.002(5) A,o. =
98.38(3), B = 96.44(5), y = 77.25(3), V = 2724(2) B, D, = 1.101 Mg/n3, Z = 2, R = 0.0547; crystal data

for Cs4HaoBiN3, M = 990.27, space groupl, a = 11.511(5) A,b = 24.785(15) Ac = 9.981(5) A,a. = 98.06-

(5)°, B = 96.50(4}, y = 77.40(5}, V = 2742(2) B, D, = 1.200 Mg/n3, Z = 2, R= 0.0619]. The compounds
bear the “bulky” 2,4,6-tritert-butylphenyl substituent (known as supermesityl or Mes*), and their formation is
considered in the context of the same reactions fog B@il AsC4, which have been previously shown to produce
the aminoiminopnictine structures [N(H)}E,'Bus)]P=N(CeH2Bus) and [N(H)(GH2Bugz)]JAs=N(Ce¢H,'Bus). The

observations establish the limits of the steric control by the supermesityl substituent and provide qualitative support

for the thermodynamic significance of substituent steric strain.

Introduction stability. For example, there is experimental evidence indicating
the preference of SefE,'Bus)l over the diselenide (§12-
Bus)SeSe(GH2'Busz) and elemental iodiné,representing a
unique example of a thermodynamically stable seleriiodine
bond® In addition, we recently reported the spontaneous
elimination of secondary amines from aHG'Bus-substituted
tris(amino)phosphine to give the corresponding iminophosphine
containing a dicoordinate phosphorus cefiter.

New structure and bonding imposed or stabilized by the
presence of sterically “bulky” substituents have been a principal
theme for 15 years. There are numerous designs of “bulky”
substituents, but 2,4,6-tritert-butylphenyl (GH2'Bus, known
as supermesityl or Mes*) is perhaps the most common design
and one of the largest and is responsible for the realization of

stable compounds containing the heavier>( 2) elements of
groups 1% 142 and 15 in low-coordinate environments. The
steric shield imposed by “bulky” substituents is frequently
rationalized in terms of “kinetic stabilizatio?® where the
substituents are envisaged as hindering the approach of m
ecules and preventing oligomerization and other types o

reaction. However, substituent steric strain in these compounds

provides an important thermodynamic contribution to their
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We now establish some guidelines for the limits of substituent

steric strain by the §H,'Bus substituent with the isolation and
characterization of the tris(amino)stibine Sb[N(H¥Z'Bus)]s,

0|_1Q and tris(amino)bismuthine BIi[N(H)@E1,'Bug)]s, 1d. In

f addition, we confirm that the phosphortsa and arseniclb
analogues are inaccessible in favor of the unsaturated ami-
noiminopnictinex?2 and the comparisons offer insight into the
thermodynamic consequences of substituent steric strain.

(4) See, for example: Yoshifuji, M.; Shima, I.; Inamoto, NAm. Chem.
Soc.1981, 103 4587. Cowley, A. H.; Kilduff, J. E.; Lasch, J. G;
Mehrotra, S. K.; Norman, N. C.; Pakulski, M.; Whittlesey, B. R.;
Atwood, J. L.; Hunter, W. Elnorg. Chem.1984 23, 2582. Cowley,
A. H,; Lasch, J. G.; Norman, N. C.; Pakulski, M.; Whittlessey, B. R.
J. Chem. SocChem. Commuril983 881. Cowley, A. H.; Lasch, J.
G.; Norman, N. C.; Pakulski, Ml. Am. Chem. S0d.983 105 5506.
Markl, G.; Sejpka, H.Tetrahedron Lett1986 27, 171. Makl, G.;
Sejpka, H.Angew. Chem.nt. Ed. Engl.1986 25, 264. Appel, R;
Knoch, F.; Kunze, HAngew. Chem.Int. Ed. Engl.1984 23, 157.
Bender, H. R. G.; Niecke, E.; Nieger, M. Am. Chem. Sod.993
115 3314. Appel, R.; Paulen, WAngew. Chemint. Ed. Engl.1983
22, 785. Appel, R.; Fiiing, P.; Josten, B.; Siray, M.; Winkhaus,V.;
Knoch, F.Angew. Chem.nt. Ed. Engl.1984 23, 619. Niecke, E.;
Gudat, D.Angew. Chemlnt. Ed. Engl.1991, 30, 217.
Tokitoh, N.; Takeda, N.; Okazaki, R. Am. Chem. S0d.994 116,
7907. Suzuki, H.; Tokitoh, N.; Okazaki, R.; Harada, J.; Ogawa, K.;
Tomoda, S.; Goto, MOrganometallics1995 14, 1016. Yoshifuji,
M.; Sangu, S.; Kamijo, K.; Toyota, K. Chem. SocChem. Commun.
1995 297. Jutzi, P; Meyer, U.; Krebs, B.; Dartmann, Mngew.
Chem, Int. Ed. Engl.1986 25, 919. Davidson, P. J.; Harris, D. H.;
Lappert, M. F.J. Chem. So¢Dalton Trans.1976 2228.
(6) Romanenko, V. D.; Ruban, A. V.; Drapailo, A. B.; Chernega, A. N.;
Rusanov, E. BHeteroatom Cheml992 3, 181.
(7) du Mont, W.-W.; Kubiniok, S.; Peters, K.; von Schnering, H.-G.
Angew. Chem.nt. Ed. Engl.1987, 26, 780.
(8) See, for example: Dasent, W. Nonexistent Compoundarcel
Dekker: New York, 1965.
(9) Burford, N.; Clyburne, J. A. C.; Mason, S.; Richardson, Jinerg.
Chem.1993 32, 4988.

®)

S0020-1669(95)01532-1 CCC: $12.00 © 1996 American Chemical Society



4014 Inorganic Chemistry, Vol. 35, No. 13, 1996 Burford et al.

Table 1. Crystallographic Data for Sb[NHEE,'Bus)]s, 1c, and
Bi[NH(CGHZlBU3)]3, 1d

1c 1d
'\HH empirical formula GaHooN3sSb GaHooBiN3
Hy i Ex a(hd) 11.491(5) 11.511(5)
N™ N E=N b (A) 24.652(7) 24.785(15)
H N’
H
2

c(A) 10.002(5) 9.981(5)
o (deg) 98.38(3) 98.06(5)
B (deg) 96.44(5) 96.50(4)
1 y (deg) 77.25(3) 77.40(5)
V(R 2724(2) 2742(2)
VA 2 2
fw 903.04 990.27
aa E=P H space group P1(No. 2) P1(No. 2)
b: E = As N\ temp €C) -20 -20
c¢: E=Sb E—N wavelength (A) 0.710 69 0.710 69
d: E = Bi | D. (g/cn®) 1.101 1.200
N_E\ linear abs coeff (mmb) 0.540 3.249
N transm coeff 0.90870.9996 0.81491.0000
H no. of reflns collected 8020 5660
3 no. of independent reflns 7577 5114
R(int)2 0.0397 0.1117
. . goodness of fit orF? ® 1.207 1.033
Experlmental Section R(Fo).¢ >20(1) 0.0547 0.0619
Ru(Fod),d >20(1) 0.1603 0.1502

General Procedures. 2,4,6-Tritert-butylaniline, bismuth(lll) chlo- .
ride, andn-butyllithium (1.6 M in hexane) were used as received aR(int) = Y"yMF20— Fy?/Y"mEF20 n = number of unique

(Aldrich). Antimony(lll) chloride (Aldrich) was twice sublimeih reflections measured more than onges= ngmber of times reflection
vacuo prior to use. Diethyl ether was dried over sodium with —oObservedF? = average value oF? for unique reflection” GOF =
benzophenone, hexane was dried over £&D.Cl, and CDC} were {3[wW(Fs? - FAA/(n — p)}¥2 n = number of reflectionsp = total

dried over ROs and CaH, and all solvents were stored in evacuated Number of parameterSR(Fo) = 3 [|Fol — [Fell/Z[Fol. “Ru(Fo?) =
bulbs. Solids were handled in a VAC Vacuum/Atmospheres nitrogen- { 2[W(Fo? — Fe)7/ S [W(F)} 2

filled glovebox, while liquids were manipulated in a nitrogen-filled

glovebag. Reactions were performed in sealed reattevhich were sh, 1201 w, 1176 w, 1141 w, 922 w, 814 w, 748 w, 569 w, 480 sh,
flame-dried before use. Melting points were recorded on a Fisher- 458 w, 254 w, 143 w, 105 sh, 85 shH NMR: 1.26 (s, 9H), 1.31 (s,
Johns apparatus and are uncorrected. Elemental analyses werd8H), 5.07 (s, 1H), 7.11 (s, 2H)*C NMR: 31.7, 32.9, 34.5, 35.8,
performed by Beller Laboratories, @Gagen, Germany. Infrared spectra  123.1, 138.0, 140.3, 144.3.

were recorded as Nujol mulls on Csl plates using a Nicolet 510P FT-  Characterization Data for Bi[N(H)(C sH2'Bus)]s: Dark orange/

IR spectrometer. Raman spectra were recorded on powdered samplesed crystals recrystallized from hexane; decomposition occurs in ether
sealed under nitrogen in melting point tubes using a Bruker RFS 100 and CHCI, over a period of days; yield 0.18 g, 0.18 mmol, 11%; dec
spectrometer. NMR spectra were recorded on a Bruker AC-250. NMR pt 144-147°C;. Anal. Calcd: C, 65.49; H, 9.16; N, 4.24%. Found:
samples were flame-sealed in 5 mm Pyrex tubes. All chemical shifts C, 65.76; H, 9.41; N, 4.13. IR (cm): 3406 w, 3396 w, 3076 w,

are reported in ppm relative to an external standard (TMSHoand 1601 w, 1420 m, 1389 m, 1376 sh, 1285 m, 1220 s, 1200 sh, 1166 sh,
13C; 85% HPQ, for 31P). Crystalline samples were obtained by slow 1113 m, 1020 w, 877 m, 825 w, 808 w, 774 m, 730 w, 588 w, 444 w,
removal of solvent from the reaction mixture within the reaction vessel 393 w. Raman (cm'), 47 mW: 3405 w, 3390 w, 3086 w, 2958 s,

by passing a cool stream of water over the empty adjacent compartment2904 s, 2777 w, 2705 w, 1601 s, 1463 sh, 1445 sh, 1421 m, 1287 sh,
(or placing it over liquid nitrogen) and distilling the volatilesvacuo 1253 m, 1220 m, 1198 sh, 1175 sh, 1140 m, 810 m, 741 sh, 727 sh,
(static). Crystals were washed with cool solvent by cold spot back- 723 m, 527 s, 456 sh, 443 m, 393 sh, 343 w, 323 w, 252 w, 153 w, 93

distillation 0 s, decomposition at 166 mW:H NMR: 1.27 (s, 9H), 1.31 (s, 18H),
In a typical procedure, a solution #BuLi was slowly added through ~ 5.86 (s, 1H), 7.18 (s, 2H)1*C NMR: 32.0, 33.0, 34.3, 35.5, 122.2,

a rubber septum to a cooled (@) solution of N(GH,'Bus)H; in diethyl 139.2, 140.8, 145.9.

ether (50 mL) under Nin one chamber of a two-chamber reactor. NMR Studies of [N(H)(CsH2Bu3)]EN(CeH2'Bus) with N(CsH2Busg)-

The resulting solution was warmed to room temperature and slowly H, (E = P, As). Equimolar mixtures of [N(H)(GH2Bus)]PN(CsH2'"

(15 min) added to a stirred solution of BELIN(H)CéH2'Bus): ECls Bus) with N(CeH.'Bus)H, in diethyl ether showed the presence of

= 3:1] in diethyl ether (30 mL) in the second chamber. The reaction [N(H)(CsH2'Bus)]PN(CsH2'Bus) only by 3P NMR. H NMR studies
mixture was frozen and evacuated, and the septum chamber wasof equimolar mixtures of [N(H)(€H2'Bus)]JASN(CeH2Bus) with N(CeH2-
replaced with a fritted receiver. The mixture was warmed to room Bus)H, in CD.Cl, showed the presence of the starting materials only.
temperature, stirred overnight (Sb, yellow; Bi, orange), and then filtered. In both cases, exposure of the samples to ultrasound had no measurable
Slow removal of solvenin vacuogave crystalline solids, which were  effect.

filtered off and washed four times with hexane (5 mUH NMR NMR Studies of Thermolyzed Samples of E[N(H)(GH2Bus)]s

spectra of the reaction mixtures showed the presence of LINGH}C (E = Sb, Bi). Sealed samples of E[N(H)¢(8,Bus)]s (E = Sb, Bi) in

Bus) and the isolated product (Sb:20%; Bi, ~40%, by integration).  cp,cl, were heated (66C) with ultrasound for several hours and then
Characterization Data for Sb[N(H)(CsH2'Bua)ls: Cube-shaped  examined byH NMR spectroscopy. Sb[N(H)E2'Bus)]s showed no

yellow crystals; yield 0.40 g, 0.44 mmol, 25%; dec pt $Z00 °C. change, while Bi[N(H)(GH2Bus)]s produced a white precipitate and

Anal. Calcd: C, 71.82; H, 10.05; N, 4.65. Found: C, 72.00; H, 10.21; signals corresponding to N{8,Bus)H,.

N, 4.65. IR (cm™): 3420 m, 3403 m, 3076 w, 1602w, 1595 sh, 1421 oy crystallography. Crystals were selected and mounted in

S, 1390 sh, 1335 m, 1286 m, 1257 sh, 1239 sh, 1220 s, 1201 sh, 117Gsy ey capillaries in the drybox. A summary of the crystallographic

m, 1141 w, 1113 m, 1019 w, 909 w, 877 m, 837 sh, 827 m, 810 M, ya1, s given in Table 1. Structures were solved by Patterson methods

772:m, 749w, 748 w, 730 W, 575 w, 482 sh, 460 m. Ramamim \yhich |ocated the Sb and Bi atoms, respectively. The remaining non-

166 mW: 3421 w, 3405 w, 3087 w, 2963 s, 2904 s, 2776 W, 2707 W, yqrogen atoms were located through successive Fourier syntheses and

1603 m, 1463 sh, 1445 sh, 1426 w, 1290 m, 1264 w, 1240 sh, 1220 \yere refined anisotropically. Hydrogen atoms were placed in geo-

metrically calculated positions (€H 1.08 A, N—H 1.02 A). Full-

(10) Burford, N.; Miller, J.; Parks, T. MJ. Chem. Educl1994 71, 801. matrix least-squares refinement was carried outF8ndata using
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Figure 1. Crystallographic view of Sb[N(H)(§H2'Bug]s.

Table 2. Selected Bond Lengths (A) and Angles (deg) for
Sb[NH(CeHztBU:;)]g, 1c

Sb(1-N(1)  2.041(6)  N(1)}-Sb(1)-N(3) 85.6(2)
Sb(1)-N(3)  2.048(6)  N(1}Sb(1}-N(2) 104.4(3)
Sb(1-N(2)  2.064(6)  N(3%-Sb(1-N(2) 99.9(2)
N(1)—C(1) 1.423(9)  C(1¥N(1)-Sb(1) 137.8(5)
N(2)—C(7) 1.421(9)  C(7¥N(2)-Sb(1) 117.4(5)
N(3)-C(13)  1.442(8)  C(13)N(3)-Sb(l)  119.9(4)

Table 3. Selected Bond Lengths (A) and Angles (deg) for
Bi[NH(CGHztBU:g)]g, 1d

Bi(1)-N(1)  2.14(2) N(1FBi(1)-N(3)  106.7(6)
Bi(1)-N(3)  2.179(14)  N(1}Bi(1)-N(2) 82.7(6)
Bi(1)-N(2)  2.214(13)  N(3}Bi(1)-N(2) 98.5(5)
N(1)-C(1) 1.47(2) C(1¥N(1)-Bi(1) 136.6(11)
N(2)—C(7) 1.45(2) C(7¥N(2)-Bi(1) 114.8(10)
N(3)-C(13)  1.49(2) C(13yN(3)-Bi(1)  113.2(10)

SHELXL-93 The function minimized wa&y(F?) = {3 [W(Fo*> —
FAA/S [W(FA?} Y2 Bond lengths and angles for ttet-butyl groups
of the (GH2Bus) units were constrained to 1.54 A and 109.5
respectively, and the aromatic moieties of Bi[N(H)G'Bus)]; were
also constrained.

Results and Discussion

Syntheses and Structures of E[N(H)(GH2'Bus)]s (E = Sb,
Bi). Mixtures of SbC} and BiCk each with 3 equiv of
LiN(H)(CeH2'Bus) in ether at room temperature undergo in-
complete reaction to give Sb[N(H){H.'Bus)]s, 1c, and
Bi[N(H)(CeH2Bus)]s, 1d, respectively, as the only identifiable
products fH NMR spectra of the reaction mixtures show the
presence of the product and LiN(H{&,'Bus) only]. The new

tris(amino) compounds have been isolated and comprehensively
characterized, and the solid state structures are isomorphous.

A representative view of Sb[N(H)@EI,'Bus)]z is shown in
Figure 1, illustrating the substantial steric crowding imposed
by the GH2'Bus substituents, which effects a severe distortion
from a pyramidal geometry at the pnictogen center in both
structures with N-E—N bond angles ranging over 19Selected
bond lengths and angles are presented in Tables 2 and 3.

To our knowledge, there are no structural reports for tris-
(amino)stibines. The closest example is the trisiminostibine Sb-
(NCPhy)3[Sb—N 2.081(7), 2.074(7), 2.077(7) A} with Sb—N
bond lengths slightly longer than those of Sb[N(H}EBU3)]3
[Sb—N 2.041(6), 2.048(6), 2.064(6) A], which are typical for
amido—antimony covalent bonds. Structural studies on ho-
moleptic tris(amino)bismuthines are rétrbut reveal consistent
Bi—N bond lengths [Bi(NMg)s: 2.189(18), 2.180(21) A.
Bi(NPhy)s: 2.17(2), 2.16(3), 2.26(3), 2.28(2), 2.12(2), 2.21(4)
A] with which the bonds in Bi[N(H)(GH2'Bus)]s are comparable

(11) Sheldrick, G. M. SHELXL-93. University of Gtingen, Germany,
1993.

(12) Edwards, A. J.; Paver, M. A.; Raithby, P. R.; Russell, C. A.; Wright,
D. S.J. Chem. So¢Dalton Trans.1993 2257.
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[2.14(2), 2.179(14), 2.214(13) A] and are significantly shorter
than examples of coordinateBi bonds!®

Structure Defined by Steric Strain for Aminopnictines.
Although the yields oflc and 1d do not correlate with
stoichiometry and the poor progress of the reactions is likely a
manifestation of the kinetic consequences of the sterically
imposing substituents, we envisage the reactions to proceed
according to eq 1. These observations are in contrast to those

ECl, + 3LiN(H)(CeH,tBug) —= E[N(H)(CgH,!Bug)l; + 3LICI (1)

ECl, + 3LIN(H)(CgH,!Bu,) —=

CgH,iBu
Valik e
E=N

CeH,1Bu—N. + 3LICI + NH,(CeH,!Buy) (2)
H

—

E[N(H)(C¢H,'Buy)ls

/CsttBua
E=N
CeH,!Bu;—N, + NH,(CeH,!Buy) (3)
RN, /CeH,'Bug CeHaBuy
PN — P=N (4)
R,N H RoN + R,NH

for the analogous reactions of B@hd AsC} with LIN(H)(CeH2-
Bus), which are reported to give the aminoiminopnictines
[N(H)(CeH2'Bus)]P=N(CeH>'Buz), 2a, and [N(H)(GH."-
Bus)]As=N(CgH2'Bus), 2b [the first example of a stable
aminoiminoarsine (arsazené§lindependent of stoichiometry.
To our knowledge, the tris(amino)pnictinéa and1b have not
been observed; nevertheless, the formatio2afnd 2b can

be viewed in terms of eqs 1 and 2 with the consequential
elimination of N(GH2'Bus)H,. Consistently3!P NMR spectra

of mixtures of2awith excess N(gH2Buz)H, show no indication

(13) See, for example: Veith, M.; Goffing, F.; Huch, ¥. Naturforsch.
1988 43B, 846. Ergezinger, C.; Weller, F.; Dehnicke, K. Natur-
forsch.1988 43B, 1119. Fitzgerald, A.; Stenkamp, R. E.; Watenpaugh,
K. D.; Jensen, L. HActa Crystallogr.1977, B33 1688. Stewart, C.
A.; Harlow, R. L.; Arduengo, A. J., [l1J. Am. Chem. S0d985 107,
5543. Arduengo, A. J., lll; Stewart, C. A.; Davidson, F.; Dixon, D.
A.; Becker, J. Y.; Culley, S. A.; Mizen, M. BJ. Am. Chem. Soc.
1987 109 627. Ross, B.; Belz, J.; Nieger, Mhem. Ber199Q 123
975. Brandl, A.; Ni¢h, H. Chem. Ber.1988 121, 1321. Garbe, R.;
Pebler, J.; Dehnicke, K.; Fenske, D.; Goesmann, H.; BaumZ.G.
Anorg. Allg. Chem 1994 620 592. Haeise, W.; Schwarz, W.;
Heckmann, G.; Schmidt, AZ. Anorg. Allg. Chem1986 533 55.
Veith, M.; Bertsch, B.; Huch, VZ. Anorg. Allg. Chem1988 559,
73.
Clegg, W.; Compton, N.; Errington, R. J.; Fisher, G. A.; Green, M.
J.; Hockless, D. C. R.; Norman, N. @Gorg. Chem.1991, 30, 4680.
Clegg, W.; Compton, N.; Errington, R. J.; Norman, N. C.; Wishart,
N. Polyhedron1989 8, 1579.
Block, E.; Ofori-Okai, G.; Kang, H.; Wu. J.; Zubieta,ldorg. Chem.
1991 30, 4784. Hermann, W. A.; Kiprof, P.; Scherer, W.; Pajdla, L.
Chem. Ber1992 125 2657. Battaglia, L. P.; Bonamartini Corradi,
A.; Nardelli, M.; Vidoni Tani, M. E.J. Chem. So¢Dalton Trans.
1978 583. Crispini, A.; Errington, R. J.; Fisher, G. A.; Funke, F. J.;
Norman, N. C.; Orpen, A. G.; Stratford, S. E.; Struve,JOChem.
Soc, Dalton Trans.1994 1327. Raston, C. L.; Rowbottom, G. L.;
White, A. H.J. Chem. So¢Dalton Trans.1981 1389. Forster, G.
E.; Begley, M. J.; Sowerby, D. B.; Haiduc,J. Chem. So¢Dalton
Trans.1995 383. Bertazzi, N.; Alonzo, G.; Battaglia, L. P.; Bonama-
rtini Corradi, A.; Pelizzi, GJ. Chem. So¢Dalton Trans.199Q 2403.
Bensch, W.; Reifler, F. A.; Reller, A.; Oswald, H. R. Kristallogr.
1989 189 169. Galdecki, Z.; Glowka, M. L.; Golinski, BActa
Crystallogr. 1976 B32 2319.
(16) Hitchcock, P. B.; Lappert, M. F.; Rai, A. K.; Williams, H. Chem.
Soc, Chem. Commuril986 1633.

(14)

(15)
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of reaction. Together, these observations imply that the tris- “arsazene” [N(H)(GH5'Pr2)]As=N(CsH3'Pr,) and “bismazene”

(amino)phosphind.a and tris(amino)arsindb are thermody-
namically unstable with respect to N{d;'Bus)H, and 2a or

[N(H)(CgH3'Pr2)|Bi=N(CgH3Pr,) (CsH3 Pr, = 2,6-diisopropyl-
phenyl), respectively. Their formation from ECland

2b, respectively (eq 3). Indeed, the spontaneous elimination LiN(H)(C¢H3sPr) is independent of reaction stoichiometry,
of secondary amines from tris(amino)phosphines possessing amplying thermodynamic preference over the tris(amino)pnictine

single GH>'Bus substituent (eq 4)clearly demonstrates the

thermodynamic consequences of substituent steric strain.
The favorable formation ofc and1d rather thar2c and2d

E[N(H)(CeH3'Pr)]s and illustrating the delicate energetic dis-
tinction among frameworksl—3. We conclude that the
replacement of a methyl group from each ortb-butyl group

can be superficially understood in terms of the more spacious of the GH!Bus substituent offers enough steric relief to allow
tris(amino)stibine and -bismuthine environment in comparison for the association of the “-azene” units, as is clearly evident in

with that of the tris(amino)phosphine or -arsine. TheNEbond
lengths offer the most obvious comparison. The-8hbbonds
in Sb[N(H)(CsH2'Bug)]s [2.041(6), 2.048(6), 2.064(6) A] and
the Bi—N bonds in Bi[N(H)(GH2'Bus)]s [2.14(2), 2.179(14),

2.214(13) A] are all in excess of 2 A, while examples of tris-

(amino)phosphinés!é[including { N(H)(CsH2Bus)} P{NCPh} ,1°
containing the @H,'Buz substituent] and tris(amino)arsiries

the crystal structure of8d.2* Arrangement3 represents a
structural alternative to the “-azene”, allowing for a tricoordinate
pnictogen center, avoidance ofARl z-interactions, and less
steric strain than is present in a tris(amino) framework, E[N(H)-
(CeH3s'Pr)]s. Such a structure is precluded by the extra methyl
group tert-butyl rather than isopropyl) in the ¢&,'Bus sub-
stituent, and the tris(amind)framework therefore becomes the

reveal a substantially more restricted pnictogen environment most thermodynamically favorable arrangement. The data do

(P-N1.68-1.73 A; As—N 1.79-1.89 A). We therefore expect

eqg 3 for la and 1b to be exothermic due to the release of

substituent strain energy upon elimination of M{ZBus)Ho,
consistent with previous experimental observatibnghe
absence or relatively reduced substituent steric strairec emd

1d is presumably principally responsible for their relative

not preclude the elimination of N¢8,'Bus)H, from 1c or 1d

but indicate that such a process is part of equilibrium 3 rather
than dimerization to give.

Conclusions

The isolation of sterically burdened Sb[N(H}&!Bus)]s and

stability and consequential isolation. In addition, these observa- BilN(H)(CeHzBus)]s offer useful comparisons with the unstable
tions are consistent with recent structural reports for the sterically Phosphorus and arsenic analogues and provide guidelines for

encumbered homoleptic trithiolates SbBigPr] 32! (CeHs'Pr2
= 2,6-diisopropylphenyl) and Bi[S¢EI2Bus)]3,%2 although the

the limits of substituent steric strain imposed by th#l€Bus
substituent.
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