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Preparation, Crystal Structures, and Isomerization of the Tellurium Diimide Dimers
RNTe(-NR'),TeNR (R = R' = 'Bu; R = PPoNSiMes, R’ = 'Bu, 'Oct): X-ray Structure of
the Telluradiazole Dimer ['Bu.CgH2N2Te]»
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The reaction of RNHLi (R = 'Bu, 'Oct) with PhP(NSiMe),Te(CI)NPPhANSIiMe; in toluene at-78 °C, followed

by warming to 23°C, produces the tellurium diimide dimers RNZe{lR'),TeNR Qa, R' = 'Bu, R = NPPh-
NSiMes; 2b, R = 'Oct, R= NPPhNSiMe3) and PAP(NHSiMe&)(NSiMes). X-ray analyses revealed thza and

2b have centrosymmetric structures containing a planar four-membeshd iiieg and short exocyclic tellurium
nitrogen bond lengthsi(Te—N) = 1.900(5) and 1.897(4) or 1.905(4) A f2aand2b, respectively). The exocyclic
imido substituents adopttaans arrangement with respect to the;Ne ring. By contrast, the reaction of 2,4,6-
BuzCgHoNHLI with Ph,P(NSiMe;),Te(CI)NPPBRNSIiMe; in toluene under similar conditions produces the
telluradiazole 'Bu,CsHoN2Te), (3), which exists as a weakly associated dimer in the solid state with intramolecular
Te—N distances of 2.628(4) A. The tellurium diimide dim@uNTe-NBu),TeNBu (2¢), prepared by the
reaction of TeCJ with 'BuNHLi in a 1:4 molar ratio, consists of a folded JN ring with exocyclic NBu groups

in a cis orientation. The'H, 3P, and'?Te NMR spectra oRa and 2b indicate that therans isomers slowly
transform into the correspondings isomers in solution. Crystals &b are triclinic, space groupl (No. 2),
with a = 13.304(3) A b = 16.927(3) A,c = 13.292(5) Ao = 98.94(2),8 = 109.27(2),y = 69.04(2}, V =
2636(1) B, andZ = 4. The finalR and R, values were 0.034 and 0.033, respectively. Crystal&dbfare
orthorhombic, space gronma(No. 62), witha = 9.535(3) Ab = 14.264(3) Ac = 16.963(4) AV = 2307.1(9)
A3 andZ = 4. The finalR andR, values were 0.040 and 0.040, respectively. Crystal3 afe monoclinic,
space groug2:/n (No. 14), witha = 9.117(3) A,b = 11.481(4) A,c = 16.550(4) A, = 97.76(2}, V =
1716.5(8) B, andZ = 4. The finalR andR,, values were 0.031 and 0.034, respectively.

Introduction sulfur(lV) diimides RN=S=NR have been widely studied (a)
Tellurium compounds of the main group elements are from the structural viewpoint, (b) as Iigandsfortransition metals,
attracting attention, in part, as possible precursors to the and (.C) as reagents in organic synthé%ys‘l’he corresp(_)ndlng
. ' ’ ; - selenium(IV) diimides, R:=Se=NR, despite a 20 year histoty,
qorr;espondlllng .tellurlldehs, some of (\;Vh'Ch ha:;/eédearztép ProPerhave yet to be structurally characterized in the solid state
ties for applications in the semiconductor industrin addition, . ; . ; '
the prepzlroation of multiply bonded tellurium con%r];ounds of the presumably_ owing to their rel_at|v'ely low thermal stabllw.n
-block elements has represented both a challenge and a sourcrecent prellmlnary communications we hgve. described .the
gf controversy. Despite considerable efforts, the first telluro- Srepgratlor.\. an d X-ray struc.t ural ch.aracten;atmn of the f'.r st
ketone that is .sufficientl stable to be chara,cterized spectro- _tel!unum d||m_|de§, which exist as _d|mers W!th th_e exoc_ycllc
\ . , y ; P imido groups in eithetrans(2a)13 or cis @c)orientations with
scopically in solution was not reported until 1993In this respect to the four-membered sRe ring. In attempts to
context j[he recent X-r_ay s.tructural characteriza’;ion of a terminal kinetically stabilize a monomericztelluriurﬁ diimide by the use
germanium(lV) telluride is a remarkable achieverisnél- of very bulky substituents, we have now investigated the

though phosphine telluridessRTe have been known for 30 . .
years? the nature of the phosphoratellurium bond in these trgaclﬂoHrlis. of té]ebPNz'ellré%er%cyHclsﬁ)L('se_erhScr;eme 1) with (a)
derivatives is still controversidl® However, these reagents —oCuNHL! @n (b) 2,4,6BUsCeHoNHLI. The former reagent

) ' produces the dime2Zb whereas the latter unexpectedly yields a

provide a labile source of elemental tellurium in a reactive form " 270l hich h I h
and they have been used extensively for the generation ofte _uradlazo €, Which was stown by X-ray crystallography to
exist as the dimeB in the solid state. NMR evidence for the

transnmn-meta{-t(_allunum clusters and, subsequently, the cor- presence of bothis andtransisomers of2aand2b in solution
responding tellurides.

Compounds containing telluriurmitrogen double bonds
(predicted bond length 1.83 A) have also proved elusfEhe
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Te\ /Te\\ N2 Ph,P Te-NPPh,NSiMe, TNHLi,  py p Te
N NR N \\\\ v -LiCl \ N \N
: : 3 NT TSR
= = Me ve, 1
R’ R :
1)
2a, R’ = 'Bu, R = PPh,NSiMe, 2a’, R’ = 'Bu, R = PPh,NSiMe;
2b, R' = 'Oct, R = PPh,NSiMe; 2b', R’ ='Oct, R = PPh,NSiMe,
—_R'=t FR=R' =t
2¢,R=R"="Bu 2¢',R=R’'=Bu _Te_ , PPhNSIMe; NSiMe,
% 2aor2b «—— [N °N + Ph,P
‘Bu ‘Bu ‘ h i
R NHSiMe,
N Table 1. Spectroscopic Data fd?a, 2d, 2b, and2b' 2
\N T/ 6(31P)b,c 6(125Te)b,d 2J(31P_ 125Te)e 6 (1H )f
—1e
S 2a 14.4 1808.2 (d) 131.2 7-98.1 (m, GHs)
Te-N 7.0-7.2 (m, GHs)
N/ \ 1.069 (s, C(Els)3)
X 0.277 (s, Si(Cl3)3)
2a 9 125 1632.4 (d) 109.2 7-98.1 (m, GHs)
. t 7.0-7.2 (m, GHs)
Bu Bu 1.073 (s, C(®ls)s)
3 0.369 (s, Si(Els)3)
2b 14.2 1663.8 (d) 128.0 8-88.14 (m, GHs)
. . . . 7.02-7.2 (m, GH
is presented. The reactions of 2,8865CsHoNHLi and EtNHLi 1.73(d, Gg)h GHy)
with TeCl, were also investigated. 1.51 (d, GH)"
1.29 (s, Gy)
Experimental Section 1.17 (s, Gy)
0.81 (s, C(H
The compound PR(NSiMes),Te(CI)NPPANSiMe; was prepared 0.33 251 Si(((H?)sg))
from Li[Ph,P(NSiMey);] and TeCl in a 2:1 molar ratio by the literature 2b' 9 12.9 1806.0 (d) 137.0 i

proceduré® The dimerBuNTe(-N'Bu),TeN‘Bu was obtained by the ) . . .
reaction of TeCJ with tBUNHLI (1:4 molar ratio) as described in ref pp:ns Zlglt?vgelett’o def(tg?nuatl)lestysyj?auIgllprlletp.pm :;a?a'?i\?et %(? er-t(Camal
14. TeC} and 2,4,6BusCeHoNH, (Aldrich) were used as received. . 0 . ; -

The primary amines RNHR = tBu,(‘Oct) W()ere obtained from Aldrich KszZeQ in dDZZt? -4l Hz.t_f Inlcﬁ?ﬁ att 25 Cf' o2d gn_de ?r?. the |som::‘rs X
and dried over molecular sieves before treatment ¥8tiLi (Aldrich) h°2 J(SH%nz 1 4 6;52(;? ;\\I/c?tyc’ieteér‘mg: d 3[:26“) g:/;?ag IgPréSsiiare]ée)é
to give the RNHLi reagents. Solvents were dried with the appropriate . y '

: i ; ; - with those of2b.
drying agents and distilled immediately before use. All reactions and
the manipulation of air-sensitive products were carried out under an
atmosphere of argon.

H NMR spectra were recorded on a Bruker ACE 200 spectrometer,
and chemical shifts are reported relative to,8iein CDCk. 3P and
125Te NMR spectra were obtained by use of a Bruker AM-400
spectrometer, and chemical shifts are reported with reference to externa
85% HPO, and K:TeG; in DO, respectively. Infrared spectra were
obtained as Nujol mulls on a Mattson 4030 FTIR spectrophotometer.
Elemental analyses were provided by the Analytical Services Labora- ~
tory, Department of Chemistry, University of Calgary.

Preparation of RNTe(u-N'Bu), TeNR (R = PPh:NSiMe3) (2a).

Preparation of RNTe(u-N'Oct); TeNR (R = PPh:NSiMes) (2b).
The tert-octyl derivative2b was obtained as orange crystals in 84%
yield from PhP(NSiMe),Te(CI)NPPBNSiMe; and 'OctNHLi by a
procedure similar to that described 8. Anal. Calcd for GsHzeNs-
SiTe: C,51.04; H,6.70; N, 7.76. Found: C, 51.27; H, 6.83; N, 7.54.
he dimer2b also isomerizes in THF solution at room temperature.
The NMR data for the two isome&b and2b’ are summarized in Table

Preparation of (CeH2'BuzN;Te), (3). A solution of 2,4,6BusCsHz-
NHLi-EtO (0.341 g, 1.00 mmol) in toluene (30 mL) was added slowly
A solution of'BUNHLI (0.047 g, 0.585 mmol) in toluene (1 mL) was to a solution of PEP(NSiMe;),TeCI(NPPENSiMe;)-0.5GHs (0.855 g,

added slowly to a solution of PR(NSiMe),Te(C)NPPhNSiMe: 1.00 mmol) in toluene (30 mL) at-100 °C. The reaction mixture_
0.5GHs (0.500 g, 0.585 mmol) in toluene (30 mL) at78 °C with was allowed to warm slowly to room temperature, and the solution

stirring. The mixture was allowed to warm slowly to 23 to give an changed from colorless to dark orange, foIIowe_d by green and, finally,
orange solution. Th&P NMR spectrum of the reaction mixture showed r?d'orar‘ge- Thep NMR_spectrum of the_ reaction r_nlxture shqwed a

a singlet at—0.03 ppm attributed to RR(NSIMe)(NHSiMey) (iit.: singlet .at 0.02 ppm, attributed to F{NSiMe)(NHSiIMes) and five
O6(®*P) (in CDCh) +0.2)16 The intensity of this signal was equal to other singlets at 36.3, 24.4, ll.—l;L.6,_and—4.1 ppm. SO'Ye”t was
the combined intensities of the resonancesamnd 2d (see Table removed under vacuum, and the residue was dissolved in acetonitrile
1). Removal of the solvent under vacuum produced orange crystals ggrrTal?%.ingAfstﬁlridzcvgsite_(:zr)(/)stglii;r:J ?rlépr)r?r::rtm?anr:ewt?)sg?veecgrnatﬁgeagg/;?;s
which were washed with cold«78 °C) hexane (2x 10 mL) to give N

2a (0.261 g, 0.534 mmol, 92% vyield). Anal. Calcd forgH2sN3- of (‘BusCeH2N2Te), (0.141 g, 0.41 mmol, 41%); mp 26:208°C. Anal.
PSiTe: C, 46.94; H, 5.80; N, 8.64. Found: C, 47.04; H, 5.57; N, 9.06, Calcd for GaHoN,Te: C, 48.89; H, 5.86; N, 8.14. Found: C, 49.10;

. 1 f . 4 __
Solutions of2a were shown byH, 3P, and'?Te NMR to slowly Tﬁ6'(7)1§6N'd74'93'_H2'\%Ff4(mlﬁeD‘I % 7'%?_'(‘3"1‘]3”6' = 236 Hz,
produce another isome&ta over a period of several hours at room ), 7.36 (d,"Jn = 2. z, 1H), 1.78 (s, 9H), 1.30 (s, OH).

temperature. The NMR data for both isomers are summarized in Table  XT@y Analyses. 2b. A suitable orange crystal of RNT#(
1. N'Oct), TeNR (R= PPhNSiMe;) with dimensions 0.4 0.45x 0.60

mm was obtained from hexane at 28 and mounted in a glass
(15) Chivers, T.: Doxsee, D. D.. Gao, X.. Parvez, Iiorg. Chem 1994 capillary. Accurate cell dimensions and a crystal orientation matrix
33 5678. T T ' ' were obtained on a Rigaku AFCG6S diffractometer by a least-squares

(16) Chivers, T.; Dhathathreyan, K. S.; Liblong, S. W.; Parks|ribrg. fit of the setting angles of 15 reflections witl# 2n the range 26-40°.
Chem 1988 27, 1305. Intensity data were collected at53 °C by thew/26 method using a
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Table 2. Crystallographic Data for RNTg¢(N'Oct,NR (R = Table 3. Atomic Coordinates an&.q Values for2b
PPhNSiMes) (2b), 'BuNTeu-NBu),TeNBu (2c¢), and
(tBUZCf;HzNzTe)z (3)

atom X y z Bq? A2
Te(la) 0.93938(3) 0.48244(2)  0.07430(3)  2.200(9)

2b 2c 3 Te(lb) 1.09894(3) 0.97629(2)  0.44826(3)  2.393(10)

formula (GaHaNsSiPTe) CicHaeNaTes  (CraHaoNsTe): P(la)  0.7756(1)  0.58998(9)  0.1869(1)  2.36(3)

CsHis P(lb)  1.1800(1)  0.84784(9)  0.2909(1)  2.35(3)

fw 1082.44 539.69 760.00 Si(la) 0.8312(2)  0.4322(1) 03143(1)  3.57(4)

space group P1(No. 2) Pnma(No. 62) P2i/n(No. 14) Si(1b) 1.3405(1) 0.9493(1) 0.3289(1) 3.29(4)
a, A 13.304(3) 9.535(3) 9.117(3) N(la) 0.8497(4)  0.5917(3) 01105(3)  2.7(1)
b, A 16.927(3) 14.264(3) 11.481(4) N(lb)  1.1005(4)  0.8711(3) 03719(3)  2.6(1)

¢ A 13.292(5) 16.963(4) 16.550(4) N(2a)  0.9215(3) 0.4917(3) —0.0813(3)  2.4(1)

a, deg 98.94(2) N(2b)  0.9338(4)  1.0461(3) 04224(3)  2.7(1)
B, deg 109.27(2) 97.76(2) N(3a) 0.7945(4)  0.5027(3) 02225(4)  3.2(1)
v, deg 69.04(2) N(3b)  1.2283(4) 00163(3)  0.2809(4)  3.1(1)
V, A3 2636(1) 2307.1(9) 1716.5(8) C(la) 0.8017(5)  0.6683(3) 02921(4)  2.5(1)
z 2 4 2 C(lb)  1.2858(4)  0.7454(3) 03351(4)  2.3(1)
T,°C —53.0 23.0 ~123.0 C(2a)  0.7328(5)  0.7011(4) 03582(5)  3.7(2)
A, A 0.710 69 0.710 69 0.710 69 C(2b) 1.2854(4) 0.7045(4) 0.4164(5) 3.4(2)
peaics § CNT® 1364 1.554 1.470 C(3a) 0.7548(6)  0.7602(4) 04393(5)  4.4(2)
1, o L 12.48 25.33 17.26 C(3b)  1.3714(6)  0.6303(4) 0.4527(5)  4.6(2)
R 0.034 0.040 0.031 C(4a)  0.8432(6)  0.7884(4) 04545(5)  4.2(2)
R.? 0.033 0.040 0.034 C(4b) 1.4556(5) 0.5967(4) 0.4064(6) 4.4(2)
C(5a) 09127(6)  0.7576(4) 0.3911(5)  4.3(2)
*R= 3 [[Fol = [Fell/ZIFol. ® Ry = [ZWOZWFo]2. C(5b)  1.4559(5)  0.6354(4) 0.3232(6)  4.1(2)
scan speed of 1620min~?, scan width (1.84+ 0.34 tan#)°, and C(6a)  0.8904(5)  0.6970(4) 0.3096(5) 3.6(2)
monochromated Mo K radiation in the range 4°0< 26 < 50.2. C(eb) ~ 1.3711(5)  0.7102(4) 0.2885(4) 3.4(2)
The intensities of 9338 reflections were measured, of which 6289 C(72) 0.6290(5) 0.6378(3) 0.1122(4) 2.6(1)
had| > 3¢(l). Data were corrected for Lorentz, polarization, and ggg; éggﬁ((g)) 82532((3)) g%)g%i((‘é)) igg))

absorption effectd’ Crysta_l data are given in Table 2, and positional C(8b) 1.0337(5) 0.7675(4) 0.1497(5) 3.2(1)
parameters are reported in Table 3. The structure was solved and C(9a) 0.4422(7) 0.6307(6) 0.0292(6) 6.2(2)
expanded by using Fourier techniqd&sThe non-hydrogen atoms were C(9b) 0.9676(5) 0.7487(4) 0.0513(5) 3.7(2)
refined anisotropically. Hydrogen atoms were included but not refined. c(10a)  0.4043(6) 0.7113(6) —0.0006(6) 6.3(2)
Refinement converged witR = 0.034 andR, = 0.033. For all three C(10b)  0.9593(6) 0.7853(5) —0.0372(5) 5.2(2)

structures, scattering factors were those of Cromer and Wéhbhed C(11a) 0.4773(7) 0.7555(5) 0.0212(6) 6.2(2)
allowance was made for anomalous dispersfon. C(11b) 1.0142(7) 0.8415(6) —0.0278(5) 6.3(2)
2c¢. A orange block (0.30x 0.33 x 0.40 mm) of BuNTeu- C(12a) 0.5902(6) 0.7188(4) 0.0775(5) 4.7(2)
N'Bu);TeNBu was obtained by sublimation at 7%/10°* Torr. C(12b) 1.0819(6)  0.8609(5) 0.0710(5) 4.8(2)
Accurate cell dimensions and a crystal orientation matrix were obtained C(13a)  0.9598(9)  0.3462(7) 0.3099(9)  15.0(4)
on a Rigaku AFCB6S diffractometer by a least-squares fit of the setting C(13b)  1.4151(7) 0.9228(6) 0.4727(6) 7.9(3)

C(14a) 0.7178(9)  0.3850(6) 0.2861(8)  11.1(4)
C(14b) 1.4449(7)  0.9046(5) 0.2547(7)  7.3(3)
C(15a) 0.8449(9)  0.4790(6) 0.4510(6)  10.0(3)

angles of 25 reflections in the range-1&0°. Intensity data were
collected at 23C by thew/20 method using a scan speed of 1%6.0

min_*l,' scan width (1.73|; 0.34 tanG)",Oand monochromated Mod C(15b) 1.2890(6) 1.0661(4) 0.3156(6) 5.8(2)
radiation in the range 6°0< 20 < 50.I. _ C(16a) 0.8104(5) 05198(4) —0.1657(4)  2.7(1)
The intensities of 2354 reflections were measured, (_)f WhICh 942 C(16b)  0.8480(5) 1.0675(3) 0.3155(4) 2.9(1)
had | > 3o0(l). Data were corrected _for Lorentz, polarlzatlor_l,_ and  Cc(17a) 0.7344(5) 0.4806(4) —0.1416(5) 3.9(2)
absorption effect” Crystal data are given in Table 2, and positional ~ C(17b)  0.9087(5) 1.0881(4) 0.2487(5) 4.3(2)
parameters are reported in Table 4. The structure was solved by direct C(18a)  0.8333(5) 0.4791(4) —0.2709(5) 4.1(2)
methodd! and expanded using Fourier technigtfedhe non-hydrogen C(18b)  0.7550(5) 1.1469(4) 0.3335(5) 4.4(2)
atoms were refined anisotropically. Hydrogen atoms were included C(19a) 0.7665(5) 0.6180(4) —0.1621(4) 2.9(1)
by not refined. Refinement converged wigh= 0.40 andR,, = 0.040. C(19b) 0.8081(5)  0.9904(3) 0.2969(4) 2.9(1)
3. An orange plate (0.8% 0.53 x 0.23 mm) ofBuCsH-N,Ter C(20a) 0.6598(5)  0.6732(4) —0.2440(5) 3.7(2)
0.5GH;2 was obtained from pentane solution at°Z3 Accurate cell C(20b)  0.7154(5) 0.9882(4) 0.1635(4) 3.5(2)

C(21la) 05551(6) 0.6516(5) —0.2589(6) 5.9(2)
C(21b) 0.7430(7)  1.0043(5) 0.0670(5) 6.3(2)
C(22a) 0.6394(6)  0.7646(4) —0.1990(6) 5.8(2)

dimensions and a crystal orientation matrix were obtained on a Rigaku
AFC6S diffracometer by a least-squares fit of the setting angles of 25

reflections with @ in the range 26-:30°. Intensity data were collected C(22b)  0.5989(6 1.0488(4 0.1655(6 5.9(2
at —123°C by thew/26 method USing a scan Speed of l°6|.’ﬁin’1, CE2383 06770((7)) 06706((6)) _03520(6)( ) 82(3)( )
scan width (1.63+ 0.34 tand)°, and monochromated Modradiation C(23b) 0.7078(5) 0.8985(4) 0.1486(5) 5.0(2)

in the range 4.9 < 26 < 60°. o » s ) ) .
The intensities of 5266 reflections were measured, of which 3401 *Beq= /iﬂ (U1i(a@)? + Uz(bb*)* + Uss(cc?)? + 2Uraa* bb* cos
had | > 30(l). Data were corrected for Lorentz, polarization, and ¥ 1 2Uisda*cc* cos f + 2Udbb*cc* cos ).

(17) North, A. C. T.; Phillips, D. C.; Mathews, F. $cta Crystallogr absorption effecty’ Crystal data are given in Table 2, and positional

1968 A24, 351. arameters are reported in Table 5. The structure was solved by direct
(18) DIRDIF92: Beurskens, P. T.; Admiraal, G.; Beurskens, G.; Bosman, P thod& and P ded using Fourier techniatfedh hvd y

W. P.; Garcia-Granda, S.; Gould, R. O.; Smits, J. M. M.; Smykalla, methoads®an gxpan e_ “S'”Q ourier techniqeies.he non-hydrogen

C. The DIRDIF program system. Technical Report; Crystallography atoms were refined anisotropically. A molecule of pentane was located

Laboratory, University of Nijmegen: Nijmegen, The Netherlands, on an inversion center and was found to be disordered. Hydrogen atoms

1992. ; . .
(19) Cromer, D. T.: Waber, J. Toternational Tables for Crystallography were included but not refined; H atoms of the pentane solvate were

Kynoch Press: Birmingham, England, 1974: Vol. IV, Table 2.2A, pp ignored. Refinement converged with= 0.031 ancR, = 0.034. All
71-98. calculations were performed using TEXSAN.

(20) Cromer, D. T.; Liberman, DJ. Chem Phys 197Q 53, 1891.

(21) SIR92: Altomare, A.; Burla, M. C.; Camalli, M.; Cascarano, M.;
Giacovazzo, C.; Guagliardi, A.; Polidori, G. Appl. Crystallogr., in (22) SAPI91: Fan Hai-Fu.Structure Analysis Programs with Intelligent
preparation. Control; Rigaku Corp.: Tokyo, 1991.
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Table 4. Atomic Coordinates an8., Values for {Bu,CsH.N,Te),
©)

atom X y z Bq? A2
Te(1) 0.32015(3)  0.05269(3)  0.03435(2) 1.609(6)
N(1) 0.1710(4) 0.1588(3) —0.0281(2)  1.59(7)
N(2) 0.4372(4) 0.0733(3) —0.0586(2)  1.52(8)
c(1) 0.3636(5) 0.1428(4) —0.1134(2) 1.31(8)
c(2) 0.2188(5) 0.1888(4) —0.0978(2)  1.27(9)
c@3) 0.1348(5) 0.2630(4) —0.1592(2)  1.33(9)
C(4) 0.1987(5) 0.2870(4) —0.2274(2)  1.50(9)
c(5) 0.3429(5) 0.2441(4) —0.2425(2)  1.36(9)
c(6) 0.4221(4) 0.1743(4) —0.1872(2)  1.33(9)
c(7)  —0.0167(5) 0.3105(4) —0.1468(2) 1.51(9)
C(8) —0.0862(5)  0.3818(4) —0.2209(3) 2.0(1)
Cc(9  —0.1226(5) 0.2104(4) —0.1352(3)  2.1(1)
C(10) —0.0004(5)  0.3908(4) —0.0715(3) 2.0(1)
c(11) 0.3970(5) 0.2832(4) —0.3226(2)  1.53(9)
c(12) 0.4120(6) 0.4167(4) —0.3229(3)  2.6(1)
c(13) 0.2852(5) 0.2453(5) —0.3956(3)  2.5(1)
c(14) 0.5466(5) 0.2296(4) —0.3326(3)  2.0(1)
C(15) 1.0000 0.0000 0.5000 3.6(2)
C(16a)  1.0741(12) —0.0903(10)  0.4658(7)  3.5(3)
C(16b)  0.9658(12) —0.0026(10)  0.5893(7)  3.3(3)
c(17) 1.1023(7) —0.0909(6) 0.3776(4)  4.8(2)

a Beq = 8/3,7r2(U11(aa*)2 + Uzz(bb*) 24 U33(CC*)2 + 2U12aa*bb* COos
y + 2Ujzaa*ccr cos f + 2Uqsbb*cc* cos o).

Table 5. Selected Bond Distances (A) and Bond Angles (deg) for
2b?

molecule A molecule B

Te(la)-N(1a) 1.897(4) 1.905(4)
Te(la)-N(2a) 2.027(4) 2.028(4)
Te(la)-N(2a)* 2.019(4) 2.025(4)
N(la)-P(1a) 1.642(4) 1.660(4)
P(1a)y-N(3a) 1.530(4) 1.553(4)
N(3a)-Si(1a) 1.673(5) 1.675(4)
N(2a)-C(16a) 1.496(6) 1.500(6)
P(la)y-C(1a) 1.807(5) 1.832(5)
P(lay-C(7a) 1.813(6) 1.821(5)
Si(1a)-C(13a) 1.818(8) 1.881(7)
Si(1a)-C(14a) 1.857(9) 1.842(7)
Si(1a)-C(15a) 1.843(8) 1.862(7)
N(2a)-Te(la)-N(2a)* 77.1(2) 77.4(2)

N(la)-Te(la)-N(2a) 102.6(2) 105.5(2)
N(la)-Te(lay-N(2a)* 99.5(2) 98.1(2)

Te(la)-N(2a)y-Te(la)* 102.9(2) 102.6(2)
Te(la)-N(2a)y-C(16a) 124.2(3) 125.8(3)
Te(la)*~N(2a)-C(16a) 125.4(3) 124.6(3)
Te(la)-N(la)}-P(1a) 113.4(2) 111.1(2)
N(la)-P(1a)-N(3a) 115.9(2) 117.1(2)
P(la)y-N(3a)-Si(1a) 153.4(3) 143.7(3)
N(la)-P(1a)-C(1a) 103.7(2) 103.8(2)
N(3a)-P(1la)-C(1a) 116.2(2) 115.0(2)
N(la)-P(1a)-C(7a) 106.1(2) 105.1(2)
N(3a)-P(1la)-C(7a) 110.1(3) 110.2(3)
C(lay-P(1a)y-C(7a) 103.7(2) 104.3(2)

a Atoms related by symmetry operations. Molecule A=%, 1 —
y, —z. Molecule B: 2—x,2—-y,1—- 2z

Results and Discussion

Synthesis of RNTeg-NR');TeNR (2a, R ='Bu, R = PPh,-
NSiMes; 2b, R' = 'Oct, R = PPhNSiMes). The reaction of
PhP(NSiMe),Te(CI)NPPhNSiMe; (1) with RNHLi (R = ‘Bu,
'Oct) in toluene at—78 °C, followed by warming to room
temperature, produc@a and2b as thermally stable, extremely
moisture-sensitive crystals. As indicated in Scheme 1, this
reaction proceeds by the replacement of @l 1 by an amido
ligand followed by elimination of P#P(NSiMe)(NHSiIMes)
(detected by3'P NMR spectroscopy) to give the putative

(23) TEXSAN: Single Crystal Structure Analysis Softwakéersion 1.2;
Molecular Structure Corp.: The Woodlands, TX, 1992.

Chivers et al.

tellurium diimide monomers RNTeNPMSiMe;, which dimer-
ize immediately to give2a and 2b in 90—95% vyields; i.e.,
dimerization occurs to give four-membered,Nering with NR

(R = Bu, 'Oct) groups occupying the bridging positions
exclusively.

The diimides RR=E=NR (E = S, Se) can be conveniently
prepared by treatment of primary amines with sulfur@\r
selenium(IV}+12 halides. The successful, albeit unexpected,
generation of thermally stable tellurium diimides by the route
depicted in Scheme 1 prompted an investigation of the prepara-
tion of N,N'-diorgano tellurium diimides with bulky organic
substituents. In this context, we note that the reaction of 7eCl
with LiN(SiMe3), results in reduction to give the tellurium(ll)
derivative Te[N(SiMe),]», possibly by a radical proces3By
contrast, we found that the reaction of Te@ijth LINH'Bu in
a 1:4 molar ratio in toluene produc&uNTeu-N'Bu),TeNBu
(2¢) as the major product (41%) together with smaller amounts
(17%) of the cyclic tellurium(ll) imide'BuNTe)y.24?6 Remark-
ably, the orange dime2c can be sublimed at 78C/10 Torr
and melts at 100102 °C without decomposition. It is also
very soluble in organic solvents. Compounds previously
formulated as “RN-Te=NR” (R = MeCO, PhSQ) are reported
to have high melting points and low solubiliti&s. Conse-
guently, these so-called tellurium diimides probably have highly
associated structures. It seems likely that the thermal stability
of 2¢ is attributable to its dimeric structure, since the corre-
sponding selenium diimidBuN=Se=N'Bu decomposes slowly
at room temperatur€. In an attempt to kinetically stabilize a
monomeric tellurium diimide, the reaction of Te@lith 4 molar
equiv of BugCsHoNHLI in toluene at—78 °C was investigated.
However, elemental tellurium was deposited upon warming the
reaction mixture to room temperature. The formation of the
thermally unstable monomiu;CsH,N=Te=NCsH,'Bus, which
is prohibited by the bulk{BuzCsH2N groups from stabilization
through dimerization, is a possible explanation of this observa-
tion. The reaction of TeGwith EtNHLi proceeded less cleanly
than the corresponding reaction wiBuNHLi, and we were
unable to isolate pure, crystalline products.

X-ray Structures of RNTe(u-NR’),;TeNR (2a, R = 'Bu,

R = PPhNSiMe3; 2b, R = 'Oct, R = PPh,NSiMe3) and
‘BuNTe(u-N'Bu),TeN'Bu (2¢). ORTEP drawings and perti-
nent bond lengths and bond anglesZeal® and2c 4 were given

in the preliminary communications. An ORTEP drawing of
the centrosymmetric structure @b is illustrated in Figure 1.
The asymmetric unit oRb contains two halves of the cen-
trosymmetric dimers. There are two independent molecules of
2b in the unit cell, but there are no significant differences in
the structural parameters for the most important features of these
two molecules (see Table 5).

The X-ray analyses o02a, 2b, and 2¢ confirm that these
tellurium diimides exist as dimers with a central four-membered
TeoN, ring in the solid state. There are two major differences
between the structures @t and2b and that of2c. First, the
TesN, rings in2aand2b are essentially planar whereas that in
2c¢ is distinctly folded. Second, the exocyclic imido substituents
in 2aand2b adopt aransorientation with respect to the ¥,
ring while the terminal NBu groups in2c’ occupycis positions

(24) Goehring, W.; Weis, GAngew Chem, Int. Ed. Engl. 1956 68, 687.

(25) Bjorgvinsson, M.; Roesky, H. W.; Pauer, F.; Stalke, D.; Sheldrick,
G. M. Inorg. Chem 199Q 29, 5140.

(26) A radical process could account for the formation ®ufNTe).
However, the expected volatile product of such a process (via hydrogen
abstraction) i$BuNH;, which is also the major product in the synthesis
of 2¢. A GC-MS study of the volatiles from the 1:4 reaction revealed
a complex mixture includingBuN=N'Bu (m/z 142).

(27) Markovskii, L. N.; Stukalo, E. O.; Kunitskayo, G. P.Org. Chem
USSR (EnglTransl) 1977, 13, 1911.
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Figure 1. ORTEP diagram and atomic numbering scheme for RNTe-
(u-N'Oct)TeNR (R= PPhNSiMe;). Only one of the two independent
molecules in the unit cell is shown.

Figure 2. ORTEP diagram ofBuNTe(u-N'Bu),TeNBu.

Table 6. Comparison of Selected Structural Parameter2&r2b,
and2c (A; deg)

2a 2 2¢

Te—Ny 2.005(5) 2.027(4) 2.080(8)

2.013(5) 2.022(4) 2.082(8)
Te—NP 1.900(5) 1.901(4) 1.876(10)
NyTeNs 76.5(2) 77.2(2) 75.6(4)
NpTeN 104.8(2) 103.0(2) 113.7(5)
Np*TeN 97.8(2) 98.8(2) 113.1(5)
TeN;Te 103.5(2) 102.7(2) 101.1(6)
S ONp 352.4 352.7 34290

aMean values for molecules A and BNy, = bridging nitrogen; N
= terminal nitrogen® Mean value for the two inequivalent,toms.

(see Figure 2). More subtle differences are apparent from a
comparison of the structural parameters2a 2b, and 2¢
summarized in Table 6. The bridging 8l distances of
2.081(8) A for2¢ are significantly longer than the mean values
of 2.009(5) and 2.025(4) A foPa and 2b, respectively, while
the geometry at the bridging nitrogen atoms is closer to planarity
(>ONp = 352—-353) in 2aand2b than in2c¢ (3 ONp = 342).
The exocyclic Te-N bond length of 1.876(10) A i&c is not
significantly different from the values of 1.900(5) and 1.901(4)
A found for 2aand2b, respectively. These bond lengths imply
substantial double-bond charactérbut an understanding of
the nature of the bonding in these tellurium diimide dimers will
require MO calculations on appropriate model compounds.
Isomerization of 2a and 2b in Solution. The NMR data
for 2aand2b are summarized in Table 1. A freshly prepared
solution of2ain C¢Dg at 25°C exhibits equally intense singlets

Inorganic Chemistry, Vol. 35, No. 1, 19943

atd 1.069 and 0.277, attributed to the Cp/and SiMe groups,
respectively, in addition to the resonances for aromatic protons.
Over a period of several hours, two other singlet® d.073
and 0.369, attributed to isom@d, slowly grow in intensity.
Related changes with time are also observed ifhand'?Te
NMR spectra of solutions a?ain THF. Thus the3lP NMR
spectrum of pur@a in THF exhibits a singlet ad 14.4 with
125Te satellites. A second singlet@fl2.5, which also ha¥Te
satellites, slowly develops until its intensity is about half that
of the resonance & 14.4 after 4 h. Thé2Te NMR spectrum

of pure2ain THF shows a doublet at 1808.2 LJ(31P—125Te)

= 131.2 Hz] and a second doublet@atl632.4 PI(3IP—125Te)

= 109.2 Hz] grows in intensity with time.

Similar behavior is observed for solutions 2 when the
NMR spectra are monitored over a period of several hours. In
this case, the overlap of the multitude of resonances attributable
to the —CMe,CH,CMe; groups of the two isomers precludes
the unambiguous identification of isom2b’ in the 1H NMR
spectrum. However, both th8P and'?5Te NMR spectra of
2b provide evidence for the slow formation of ison&y' in
solution. The pertinent NMR data are summarized in Table 1.
The 3P NMR chemical shifts o2b and2b’ are very similar to
those of2a and2a, respectively. However, in th&5Te NMR
spectrum, the resonance for the minor isor2Bris observed
at lower frequency than that féb, which is the opposite of
the trend found for2a and 2a. The explanation of this
unexpected reversal is not obvious. In view of the close
similarity of theH and3!P NMR parameters for the pairs of
isomers2a/2d and2b/2b', it is proposed that the minor isomers
2d and2b' exhibit acis arrangement of the exocyclic imido
groups as observed in the solid state for the difBeNTeu-
N'Bu),TeN'Bu (2¢).28

The existence otis and trans isomers is well established
for the related four-membered rings »{(fPNBU),,2° but the
factors that determine the relative stability are not well
understood. For example, th@s isomer is favored by an
increase in the bulk of the exocyclic MRsubstituent®-31
whereas théransisomer is favored for ((alky)NPNaryly, i.e.
upon changing the N-substituent from'Ba aryl32 There are
several possible explanations for the conversion ofttaas
isomers2a and 2b to the correspondingis isomers2a and
2b' in solution: (a) the existence of a dimer monomer
equilibrium, (b) pyramidal inversion at one of the two tellurium
atoms, or (c) the formation of eight-membered rings. Mecha-
nism a seems unlikely since no exchange between terminal and
bridging BU groups is observed fo2c.'* The selective
inversion abnetellurium atom is also doubtful. The formation
of eight-membered rings (pathway c), which is characterized
by a negative activation entropy and has been established for
the relatedcis—trans isomerization of the four-membered
heterocycle (MeP(S)&° is a reasonable explanation in the

(28) ThelH NMR spectrum of dreshly preparedsolution of2¢ in C7Dg
at 280 K exhibits two pairs of equally intense singleis1(68, 1.25
and 6 1.59, 1.28) with relative intensities @fa 4:1, implying the
presence of two isomers. However, the relative amounts of these two
isomers do not change significantly within the temperature range 195
370 K. The explanation of these observations will require a detailed
multinuclear {H, 15N, 125Te) variable-temperature NMR study.

(29) Keat, R. InThe Chemistry of Inorganic Homo- and Heterocycles
Haiduc, I., Sowerby, D. B., Eds.; Academic Press: London, 1987;
Vol. 2, Chapter 19, p 486.

(30) Keat, R.; Rycroft, D. S.; Thompson, D. &Chem Soc, Dalton Trans
198Q 321.

(31) Zeiss, W.; Feldt, C.; Weis, J.; Dunkel, Ghem Ber. 1978 111, 1180.

(32) Bulloch, G.; Keat, R.; Thompson, D. G.Chem Soc, Dalton Trans
1977, 99.

(33) Hahn, J.; Hopp, A.; Borkowsky, ARhosphorus, Sulfur, Silicon Relat
Elem 1992 64/65, 129.
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present case. Unfor';unately, however, a.ttempts t,o d‘Etermim:"Figure 3. ORTEP diagram and atomic numbering scheme for
the order and activation parameters for tige-trans isomer- (Bu,CeHN;Te), (3).

ization process by DNMR methods were thwarted by the _

decomposition of solutions &fa and 2b over the time period ~ Table 7. Selected Bond Distances (A) and Bond Angles (deg) for

necessary for the VT NMR experiments. (BuCtaNTe), (3)

Synthesis and Structure of (GH2!BuoN,Te), (3). In another Te(1)-N(1) 2.006(4) Te(1yN(2) 2.002(3)
attempt to kinetically stabilize a monomeric tellurium diimide g(i):g(g) }'2?3(2) 2(?5%) 1'2421%(2)
by the use of a very bulky group, the reactionlofvith 2,4,6- ngg_cgsg 1'462563 C&gc% 1'3668
BuzCgHoNHLI was investigated. Surprisingly, the major C(4)-C(5) 1:457(6) C(5)C(6) 1:350(6)

product of this reaction contained no phospho@® NMR N(D—Te(1)-N(2 85 8(1 Te(1}N(1)—C(2 108.9(3
spectrum) and exhibited onlvo tertbutyl groups and two Té&)_,\?((z)t Cglg 108 9((3)) Ne((zgc((l))_cé)) 118'6§ 43
aromatic protons in thtH NMR spectrum. An X-ray structural N(2)—C(1)-C(6) 121:3(4) C(2yC(1)-C(6) 120:0( 4)

determination revealed that this compound is 3,%edi- N(1)—C(2)-C(1) 117.7(4)  N(L}XC(2)-C(3) 123.5(4)
butylbenzo-1,2,7-telluradiazold(vide infra). The elimination C(1)-C(2)-C(3) 118.8(4) C(2XC(3)-C(4) 116.8(4)
product PAP(NSiMe&)(NHSiMes) was identified in the3!P C(2-C(3)-C(7) 120.9(4)  C(4yC(3)-C(7) 122.3(4)

NMR spectrum of the reaction mixture. Thus it is reasonable g(i):g(g):g(i)l ﬁ‘é-‘;(j) g(“'} g(g):g(?l ﬁg-g(j)

to infer a reaction pathway similar to that proposed in Scheme CEl%—CEG%—C%S)) 119'8((4)) (6yCB-C1l) 5(4)

1 for the formation of2a and 2b. In the case of R= 2,4,6- '

‘BusCsHz, however, the formation o8 from the hypothetical  Taple 7. The intramolecular FeN distances of 2.002(3) and
dimer 2d®* must result from intramolecular ring closure and 2 0og(4) A are slightly shorter than the reported average
the concomitant cleavage of a C(ary(CHs)s bond (see  gistances of 2.02 A for the parent 1,2,5-telluradia¥olend
Scheme 2). A related ring closure is observed in the formation phenanthro[9,1@j-1,2,5-telluradiazolé? The bond angle of

of SechloroN-(4,6-ditert-butyl-2-oxocyclohexa-3,5-dien-1-yl- g5 g(1y at tellurium is comparable to the values of 82.5(5) and

idene)selenamide from the reaction of SeD@ith 2,4,6- g4 3(3F found for the other telluradiazol@3 These data and
‘BusCeH2NH in toluene at reflux® An attempt was made to  the pattern of €C and C-N bond distances (see Table 6)
identify the expected elimination produ&uPhPNSiMe; by indicate that the tellurium(ll) resonance forf is a more

GC-MS, but the only phosphorus-containing product in the jmportant contributor tharB [tellurium(IV)] to the overall
reaction mixture that could be identified by this technique was gty cture of3.

PhP(NSiMe)(NHSiIMes).
The X-ray crystal structure determination ®showed that
it exists as a weakly associated dimer in the solid state; half of N N
the dimer represents the asymmetric unit. An ORTEP drawing - \Te «— \\Te
with the atomic numbering scheme is shown in Figure 3, and ~ 7 v
selected bond distances and bond angles are summarized in N N
A B

(34) The formation o8 from the putative monoméBusCsH,N=Te=NPPh-

NSiMes by the elimination ofBuPhPNSiMe; seems less likely in There are strong intermolecular attractions3iwith Te—N

view of the known preference of chalcogen diimides farigtrans distances of 2.628(4) A: cf. 3.70 A for the sum of the van der
(35) %Sroargfrtr?éﬁf’e ;?hg?;ﬁ:ﬁ)'a; Gerstmann. S.. Herberhold, 2. Waals radii of these atoms. This separation can be compared

Naturforsch 1993 48B, 1307.
(36) Roesky, H. W.; Weber, K.-L.; Seseke, U.; Pinkert, W.; Noltemeyer, (37) Bertini, V.; Dapporto, P.; Lucchesini, F.; Sega, A.; De Munno, A.

M.; Clegg, W.; Sheldrick, G. MJ. Chem Soc, Dalton Trans 1985 Acta Crystallogr 1984 C40, 653.

565. (38) Neidlein, R.; Knecht, DZ. Naturforsch 1987, 42B, 84.
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Figure 4. Schematic representation of the polymeric structure of 1,2,5-
telluradiazoles.

with the average values of 2.764(6) and 2.834 A reported for
1,2,5-telluradiazof€ and phenanthro[9,16}-1,2,5-tellura-
diazole3® respectively. The properties & are in distinct
contrast to those of the parent 1,2,5-telluradiazole, which is a
high-melting solid with poor solubility in organic solveris.
Compound 3 melts sharply at 207208 °C and can be
recrystallized from pentane. Significantly, there are no interac-
tions between dimeric units i3 whereas the other 1,2,5-
telluradiazoles exist as either plaffaor ladder-typé? polymers
(see Figure 4). Inspection of the packing diagram3dsee
Figure 5) suggests that the bulkgrt-butyl groups prevent
further association of the dimeric units in this case. Figure 5. Packing diagram for'Bu,CeHoN2Te), (3).

Conclusion. The reaction of amidolithium reagents RNHLi
(R = 'Bu, 'Oct) with the readily prepared BWe heterocycle the reaction of TeGlwith 4 equiv of'BUNHLI, exists as the
unexpectedly produces excellent yields of the tellurium diimides cis isomer in the solid state.
2a and2b, which are stabilized by dimerization to give ;R
ring systems with the NR (R 'Bu, 'Oct) groups in the bridging Acknowledgment. We thank the NSERC (Canada) for
positions. In the specific case of R ‘BusCgHy, this reaction financial support.
produces a telluradiazole which, unlike known 1,2 ,5-tellura-
diazoles, exists as a discrete dimer in the solid state. In the gypporting Information Available: Tables giving experimental
solid state2aand2b are isolated as theansisomers, butslow  crystallographic details, bond lengths, bond angles, torsion angles, and
conversion to the correspondicgs isomers occurs in solution.  anisotropic displacement parameters for non-hydrogen atoms and atomic

By contrast, the dimeiBuNTe(-N'Bu); TeN'Bu, prepared by coordinates for hydrogen atoms @b and 3 (23 pages). Ordering
information is given on any current masthead page.

(39) Bertini, V.; Lucchesini, F.; De Munno, ASynthesis 982 681. 1C950154T



