
J. CHEM. S O C . ,  CHEM. COMMUN., 1990 1159 

Telluradigermiranes. A Novel Three-membered Ring System Containing Tellurium 
Takeshi Tsumuraya, Yoshio Kabe, and Wataru Ando* 
Department of Chemistry, The University of Tsukuba, Tsukuba, lbaraki 305, Japan 

Reactions of hexamesitylcyclotrigermane ( la )  and tetrakis(2,6-diethylphenyl)digermene (3b) with tellurium at 80 "C 
produce telluradigermiranes (2a) and (2b) respectively; the structure of (2b) has been confirmed by a single-crystal 
X-ray diffraction study, showing the existence of a Ge2Te ring. 

In recent years the chemistry of metal-group 14 three- 
membered heterocycles has progressed rapidly owing to the 
synthesis of a variety of small-ring systems involving group 14 
elements.' However, to our knowledge the chemistry of 
three-membered rings containing tellurium remains rather 
limited.2 Recently, we and another group prepared thia- and 
selena-digermiranes by the reactions of digermene with 
sulphur and selenium.3 In this communication we report a 
novel synthesis of telluradigermiranes by the reaction of 
cyclotrigermanes and digermenes with tellurium. 

When a benzene solution of hexamesitylcyclotrigermane 
(la) (1.0 mmol)4 and tellurium (3.0 mmol)? was heated to 
reflux for 14 h, a yellow crystalline product identified as 
2,2,3,3-tetramesityltelluradigermirane (2a)S was obtained in 
45% yield (Scheme 1). An intermediate digermene (3a) would 
be expected to react with tellurium to afford (2a) as in the 
reactions with sulphur and selenium.3 Indeed, the isolable 
digermene te trakis( 2,6-diethylphenyl)digermene (3b)4b reac- 
ted with tellurium at 80 "C to yield the telluradigermirane 
(2b)S in 80% yield. Telluradigermiranes (2a,b) thus obtained 

t Tellurium was purchased from Nacalai Tesque Inc., and was used as 
received. 

$ Satisfactory elemental analyses were obtained for the compounds 
described. 

Spectral andphysical data for (2a): m.p. 158-159 "C; IH NMR (500 

mlz 740-755 ( M + ) .  For (2b): m.p. 171-173 "C; 'H NMR (500 MHz, 
CDCl-,) 6 0.86 (t, J 7.5 Hz, 24H), 2.76 (dq, J 7.5 and 15.0 Hz, 8H), 
3.60 (br dq, J 7.5 and 15.0 Hz, 8H), 6.79 (d, J 7.6 Hz, 8H), 7.20 (t, 
J 7.6 Hz, 4H); MS (EI) mlz 796-811 (M+) .  

MHz, CDCl-,) 6 2.24 (s, 12H), 2.32 (s, 24H), 6.74 (s, 8H); MS (EI) 

are stable towards atmospheric oxygen and moisture;§ they 
exhibit thermochromism, being colourless at - 196 "C, pale 
yellow at room temperature, and orange at ca. 140°C. In the 
1H NMR spectra of (2a) and (2b), single sets of mesityl and 
2,6-diethylphenyl protons were observed, which indicates that 
they have twofold symmetry. Their mass spectra also support 

Me 

a; Ar = b; Ar = 

Scheme 1 

+ 
Et 

0 After prolonged standing in air, the yellow crystals of (2a) 
decomposed very slowly accompanied by the formation of a grey 
precipitate, probably metallic tellurium. (2b) is more stable than (2a). 
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Figure 1. Perspective ORTEP drawing of (2b) showing 50% thermal 
ellipsoids for non-hydrogen atoms. The molecule contains an approxi- 
mate C2 axis which bisects the Ge2Te ring. The approximately 
equivalent bond lengths (A) and angles (") are paired below: 
Te-Ge(1) and Te-Ge(2) 2.597(2); Ge(1)-Ge(2), 2.435(2); Ge(1)- 
C(10) and Ge(2)-C(40), 2.00(1); Ge(1)-C(30) and Ge(2)-C(20), 
1.993( 9)-2.00( 1); Ge( 1)-Te-Ge( 2), 55.9(4); Te-Ge( 1)-Ge(2) and 
Te-Ge( 2)-Ge( 1) ,62.04( 4)-62.05( 4) ; Ge( 2)-Ge( 1)-C( 10) and Ge( 1)- 
Ge(2)-C(40), 121.0(4)-121.2(4); Ge(2)-Ge(l)-C(30) and Ge( 1)- 
Ge(2)-C(20), 122.5(3). 

the proposed molecular formulae, having the expected 
isotope pattern for Ge2Te. 

Finally the structure of (2b) has been determined crystallo- 
graphically, as shown in Figure 1.7 Owing to the slightly 
disordered arrangement of the four aryl groups about each 

1 Crystal data: Compound (2b): (&HS2Ge2Te, M ,  = 805.64, triclinic, 
a = 9.556(1), b = 12.650(1), c = 17.209(2) A, (Y = 90.54(1),-cJ = 
106.12(1), y = 112.19(1)O, V = 1835.1 813,Z = 2, space group P1, D, 
= 1.46 g/cm3. 5085 Independent observed reflections (20 d 50"; 
IFo21>3a/Fo2/) were measured on an Enraf-Nonius CAD4 diffract- 
ometer using Mo-K, radiation and an 0-28 scan. The structure was 
solved by direct methods and all non-hydrogen atoms were refined 
anisotropically to R = 0.061 and R ,  = 0.089. Atomic co-ordinates, 
bond lengths and angles, and thermal parameters have been deposited 
at the Cambridge Crystallographic Data Centre. See Notice to 
Authors, Issue No. 1. 

germanium atom, the crystal structure of (2b) possesses 
approximate (not strict) two-fold symmetry. The Ge2Te core 
has the most acute angle and the largest triangle recorded for 
Ge2X ring systems (X = S b ,  C, N5b): the Ge-Te-Ge bond 
angle and length are 55.9" and 2.597 A respectively. The 
Ge-Ge bond length (2.435 A) is almost normal (2.44 A), 
which contrasts with the lengths in other Ge2X rin systems (X 
= S, C, N) which range between 2.376 and 2.397 1. However, 
the bonded aryl carbon atoms and the germanium atoms are 
almost coplanar, as in other Ge2X ring systems; the sums of 
the bond angles, Ge(2)-Ge( 1)-C( lo), Ge(2)-Ge(l)-C(30), 
C(10)-Ge(l)-C(30) and Ge(l)-Ge(2)-C(20), Ge(1)-Ge(2)- 
C(40), C(20)-Ge(2)-C(40) are 355.4 and 355.5" respectively. 
Although the short Ge-Ge bond distance and planarity 
around germanium are diagnostic features for the n-complex 
model,6 our finding that the Ge-Ge bond distance falls within 
the normal Ge-Ge bond length is interesting. 
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