COMMUNICATIONS

[6] M. L. McKee, J. Am. Chem. Soc. 1995, 117, 8001.

7] G. M. Edvenson. D. F. Gaines, /norg. Chem. 1990, 29, 1210.

[8] Y. V. Roberts, B. F. G. Johnson. J. Chem. Soc. Dalton Trans. 1994, 759.

[9] R. Mason, K. Thomas, D. M. P. Mingos. J Am. Chem. Soc. 1973. 95,
3802.

{10] E Y. Lo, C. E. Strouse, K. P. Callahan. C. B. Knobler. M. F. Hawthorne,
J. Am. Chem. Soc. 1975, 97, 428, and references therein.

[11] N.S. Hosmane, L. Jia, H. Zhang, L. W. Bausch, G. K.S. Prakash, R. E.
Wilhams, T. P. Onak. fnorg. Chem. 1991, 30, 3793, H. Zhang. Y. Wang, A. K.
Saxena. A. R. Oki, J. A. Maguire. N. S. Hosmane. Organometallics 1993, 12,
3933,

[12] T. D. Getman, C. B. Knobler. M. F. Hawthorne, J. Am. Chem. Soc. 1990, 112,
4593.

[13] W. M. Maxwell, V. R. Miller, R. N. Grimes. trorg. Chen. 1976, 15, 1343;
J. Am. Chem. Soc. 1976, 98, 4818. R. B. Maynard. R. N. Grimes, ibid. 1982,
104, 5983; fnorg. Syath. 1983, 22, 215. R.N. Grimes, Adv. lnorg. Chem.
Radiochem. 1983, 26, 55.

[14] N.S. Hosmane. A. K. Saxena, R. D. Barreto, H. Zhang. J. A. Maguire, L. Jia.
Y. Wang, A. R. Oki. K. V. Grover. S. J. Whitten, K. Dawson, M. A. Tolle,
U. Siriwardane, T. Demissie, J. S. Fagner. Organometallics
1993. 72, 3001.

{15] N.S. Hosmane, R. D. Barreto, M. A. Tolle. J. J. Alexan-
der. W. Quintana. U. Siriwardane. S. G. Shore, R.E.

Williams, fnorg. Chem. 1990, 29, 2698.

[16] SPARTAN. Version 4.0, Wavefunction Inc.. Irvine, CA.
1995.

(171 2: 'HNMR (200 MHz. C,D,. 295K, TMS ext):

0 = 0.20—-4.0 (br., 8 H, basal and apical BH), 0.17 (br. s,

36 H, SiMe,); "B NMR (64.2 MHz, C,D,. 295K. Ph

BF,  OEt, ext.): o =—30.18 (d. '"J(B.H)=162.1 Hz.

cage-BH): '3C NMR (50.3 MHz, C,D,.295 K. TMSext.):

§=—1.1 (q. '"J(C.H) =119.5 Hz. SiMe,), —33.32 (s.

cage-C); IR (C¢Hg): ¥ = 2581 (s). 2541 (m)cm ™! (B-H):

MS: iz (%): 435 (M *, 100). 73 (Me,Si, 60). 3: 'HNMR

(200 MHz, C.D,. 295 K. TMS ext.): § =0.20-4.0 (br..

8 H. basal and apical BH). 0.16 (br. s. 36 H. SiMe;): ''B

NMR (64.2MHz. C.D,. 295K, BF, OEt, ext):

& = —5.57(d, "J(B.H) =146.5 Hz, cage-BH}: '*C NMR

(50.3MHz, C,D,. 295K, TMS ext): d=-14 (q.

TJ(C,H) =120.3 Hz, SiMe;). —11.41 (s, cage C); IR

{CoHy): ¥ = 2580 (s), 2539 (m) cm ™ ' (B-H): MS: miz (%):

435 (M *.100), 73 (Me,Si. 58).

Crystal data for 2 (C,,H,,BgSi,. M, = 435.4): monoclinic.

P2in; a=9.628(2). h=7.332(2). ¢ =19.924(5) A, f =

93.36(2) . ¥ =1404.0(6) A% Z = 2, poyrea = 1.030 Mgm ™3,

0 =0.214 mm~: Data were collected on a Siemens R3m/

V diffractometer at —43 C (Mog,: 20 =3.5-44.0° and

1841 reflections) and corrected for Lorentz and polariza-

tion effects. The structure was solved by direct methods

and subsequent difference Fourier synthesis using

18

tion Software Program Puckage, Siemens Analytical X-ray
Instruments Inc., Madison, W1 (USA) 1998). 2 has a center

of symmetry at the geometric center of the cage and was 2a

refined on F with all non-H atoms anisotropically and H

atoms isotropically. The final refinement converged at

R = 0.029, wR = (.040 and GOF =1.12 for 1431 observed

reflections. Further details of the crystal structure investi-

gation may be obtained from the Fachinformationszentrum Karlsruhe,

D-76344 Eggenstein-Leopoldshafen (Germany), on quoting the depository

number CSD-59274.

In Figure 1 the interatomic connectivities are drawn such that atoms separated

by less than 2.00 A are connected, while atoms at distances greater than 2.15 A

are considered not to interact and are not connected.

[20] According to MO calculations, this isomer is an intermediate 40.0 kJ mol ™!
higher in energy than 2.

[21} J. Yang. K.-L Lu. . A. Maguire. N. S. Hosmane. unpublished results.
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The Dianion of Tetraphenylgermole is
Aromatic**

Robert West,* Honglae Sohn, Douglas R. Powell,
Thomas Miiller, and Yitzhak Apeloig

The anions of siloles and germoles have stimulated a great
deal of interest lately.!' =31 Tetraphenylgermole dianions have
been studied in THF by Hong and Boudjouk,!®! who proposed
a delocalized structure on the basis of the 13C NMR spectrum.
On the other hand, Tilley and co-workers have recently reported
the X-ray structure of the germole anion, [(MeC),GeSi-
(SiMe,),] 7. as its lithium salt 1.U7! The structure is highly local-
ized; the C—-C bond lengths within the five-membered ring vary
significantly.
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Scheme 1. Synthesis of 2 and 3a-c.

We now report on the structure of the dilithium salt of the
tetraphenylgermole dianion (2), which was obtained from 1,1-
dichloro-2,3,4,5-tetraphenylgermole (Scheme 1). The dilithium
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compound 2 crystallized from dioxane in two structurally dis-
tinct forms. depending upon the crystallization temperature.
The crystals obtained from dioxane at —20 °C had the compo-
sition Li,[(PhC),Ge)- 5dioxane (2a) and had a reverse-sandwich
structure. The two lithium atoms, each coordinated to two
dioxane molecules, lie above and below the C,Ge ring within
bonding distance of all five ring atoms (Fig. 1).18 Crystals
of 2 obtained at 25°C had the composition Li,[(PhC),Ge]-
5.5dioxane (2b). In 2b one lithium atom is #°-coordinated to the
ring atoms and the other is n'-coordinated to the germanium
atom (Fig. 2).1°! [n both structures the electrons within the ring
are highly delocalized, which leads to nearly equal C-C bond
lengths. Derivatization of solutions of 2 led to the products
3a—3c (Scheme 1); thus, clearly showing the dianionic character
of 2.

Fig. 1. Crystal structure of 2a. Selected bond lengths [pm] and angles [ ]. Gel - Lit
273.0(5). Gel -Li2 268.1(5). Li1 —=C1 238.0(6). Li1 -C2 227.9(6), Li1-C3 228.8(6}.
Li1 ~C4 243.5(6). Li2- Ct 240.8(6). Li2—C2 229.7(6), Li2—C3 227.8(6). Li2-C4
234.5(6). Gel C1195.7(3), Gel-C4 195.6(3). C1-C2 142.9(4), C2-C3 144.9(4).
C3 -C4 143.1(4): C1-Gel-Lil 58.28(14). C1-Gel-Li2 60.17(14). C4-Gel-Lil
59.93(14). C4-Gei-Li2 58.29(14), Gel-C1-C2 114.5(2), Ge1-C4-C3 114.3(2). C1-
C2-C3 113.7(3). C2-C3-C4 114.0(3). C1-Ge1-C4 83.44(12).

Fig. 2. Crystal structure of 2b. Selected bond lengths [pm] and angles [‘]: Gel-Li1
261.3(3). Gel - Li2 265.4(3), Li2-C1 235.9(4). Li2-C2 226.3(3). Li2~C3 230.8(3).
Li2 C4 242.3(3). Gel-C1 193.0(2). Gel -C4 193.0(2). C1-C2 142.3(2). C2-C3
143.5(2). C3 - C4 142.1(2): C1-Gel-Lil. 85.62(7). C1-Gel-Li2. 59.47(8). C4-Gel-
Lit 11431(9). C4-Gel-Li2 61.44(8). Lii-Gel-Li2. 174.48(10), Gel-C1-C2
112.40012). Gel-C4-C3 112.59(12). C1-C2-C3 114.77(14). C2-C3-C4 114.62(14).
C1-Gel-C4 85.62(7).
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The structure of 2b is related to that recently published for
Li,[(PhC),Si]- STHF (4), which also contains '- and °-coor-
dinated lithium centers.!>) A significant difference between the
structures is that in 4 the arrangement at the silicon center is
nearly planar, whereas in 2b the n'-coordinated lithium center is
shifted to the hemisphere anti to the n*-coordinated lithium
center. The angle between the Li—Ge vector and the C-Ge-C
plane is 42.9°. Intraring C—C distances for 1, 2a. 2b. and 4 are
given in Table 1.

Table 1. Intraring C-C distances for germole and silole anions.

C1-C2 C3-C4 C2-C3 Ref.
1 136(6) 135(5) 146(6) 7
2a 142.9(4) 143.1(4) 144.9(4) this work
2hb 142.3(2) 142.1(2) 143.5(2) this work
4 144.8(4) 142.6(4) 143.0(4) 5]

Theoretical calculations provide some insight into the sharp
differences between 1 and 2. MO calculations reported by Tilley
et al. for the anion (H,C,GeSiH;) ™ gave a small aromatic stabi-
lization energy {ASE) of 5.3 kcalmol ™!, and large differences
between C—C intraring bond lengths, leading to a Jow Julg
parameter 4% of 0.53. Our MO calculations!'!) for the
(H,C.Ge)*~ ion (Table 2) indicate that the C—C distances with-
in the ring should be nearly identical; the Julg parameter is near
1. An ASE of 13.0 kcalmol ™! is predicted from the isodesmic
reaction shown in Equation (a).['?! The MO calculations reveal

Ge >
Table 2. Calculated bond lengths {pm] and Julg's parameter .4 for germole anions
and dianions.

C1-C2 C2-C3 C1-Ge Li- Ge Li C1 Li-C2 4

H,C.Ge*~ 139.0 1435 199.2 0.957
Li,(H,C,Ge) 1425 1436 2005 2507 217.0 2104  0.997
Li,(H,C,Ge) 4 H,0 1425 1422 1984 2739 2386 2253  1.000
H.C,GeSiHJ [a] 1361 1484 0.532

{a] Data from ref. [7].

that the Li,(H,C,Ge) structure in which both lithium centers
are n° coordinated is the energy minimum; itis 25 kcalmol = ! (at
MP2/LANL2DZ) more stable than the isomer in which one
lithium center is n'- and the other #°-coordinated (see Table 2).
Complexation of the dianion by lithium ions further increases
the delocalization, as shown by the even larger values of the Julg
parameter 4 predicted for the 4° »#3-dilithium derivative of the
(H,C,Ge)*™ ion, and likewise for Li,(H,C,Ge)-4H,0, in
which each lithium center is coordinated by two H,0 moleules.
Thus both the structure for 1 (localized electrons) and that for
2 (delocalized electrons) are consistent with theory.

We note the good agreement between the experimentally de-
termined geometry for 2a (Fig. 1) and the calculated geometry
for the model compound Li,(H,C,Ge)-4H,0 (Table 2), includ-
ing the distances between the plane of the germole ring and the
Li centers. Comparison with the calculated geometry of
H,C,Geli, reveals the important role of solvation in con-
trolling the Li—germole ring distance. Thus, ¢d(Ge—Lt) and

0570-0833:96:3509-1003 $ 15.00+ 25.0 1003



COMMUNICATIONS

ad(C1~Li) distances in Li,(H,C,Ge) increase by 23.2 pm and
21.6 pm, respectively, upon coordination of two water mole-
cules to each of the #*-coordinated lithium ions. In contrast,
solvation has practically no effect on the intraring distances.

In summary, it appears that anions of Group 14 metalloles
(C,E rings) may have either localized nonaromatic, or delocal-
ized aromatic structures, depending on the nature of the metal
E and the substituents. Further structural studies of metallole
anions and dianions of this kind with different substituents will
be of value in determining the factors leading to “‘aromaticity”
in these substances.

Experimental Procedure

1,1-Dichloro-2.3,4,5-tetraphenylgermole: Diphenylacetylene (26.7 g. 150 mmol)
and DLthium (1.38 g, 200 mmol) were stirred in diethyl ether (150 mL) at room
temperature for 3.5 h. The reaction gave a brown solution and a yellow precipitate.
The solution was frozen with a bath of liquid nitrogen, after removal of lithium
metal. GeCly (25.7 mL., 300 mmol) was added by a syringe in one portion. The
mixture was kept at — 196 °C for 5 min before the cooling bath was removed, and
the solution was allowed to warm up slowly to room temperature, and stirred for
4 h to give a yellow solution. The reaction product was extracted with diethy! ether
and obtained as yellow crystals (30 g, 80%) at —10 "C. M.p. 197-199 °C. Selected
data; "HNMR (300.133 MHz, CDCl;): § = 6.83-6.88 and 7.04-7.21 (br. m, 20H:
Phy; 1*C{H} NMR (75.403 MHz, CDCl, (6 =77.00)): 6 =149.96, 136.57, 134.66,
132.72, 129.54, 129.50, 128.36, 128.06. 127.68, 127.47; MS(ED: mjz (%): 500 (23)
[M*], 356 (78) {M* — GeCl,]. High-resolution MS: caled. for C,4H,,GeCl,
500.0155, found 500.0116.

2: A solution of Ph,C,GeCl, (10.00 g. 20 mmol) in THF (130 mL) was stirred with
4 equiv L1(0.555 g. 80 mumol} for 12 h at room temperature under an argon atmo-
sphere. The color of the solution rapidly changed to a dark maroon. After removal
of solvent, the residue, 2, was extracted with dioxane and filtered. Orange crystals
of 2b were obtained at room temperature. Cooling of the saturated solution to
—20 ‘C produced instead yeflow crystals of 2a. *3C{H} NMR (75.403 MHz, diox-
ane (6 = 66.40)): 3 =165.17, 150.07, 143.83, 131.93, 129.19. 128.04, 125.89, 122.03,
119.45.

3a: An excess of trimethylchlorosilane was added slowly to a solution of 2
(20 mmol) in THF (130 mL) at 0 “C. The solution was allowed to warm to room
temperature and stirred for 2 h. Then the volatiles were removed under reduced
pressure. The residue was extracted with pentane (100 mL) and filtered. Yellow
crystals of 3a (quantitative yield) were obtained after the solution was concentrated
and cooled to —10°C. M.p. 114 °C. Selected data for 3a; '"H NMR (300.133 MHz,
CDCl,): 6 = 6.76--6.89 and 6.94-7.10 (br. m, 20H, Ph), 0.16 (s, 18H, SiCH,}):
3CIH} NMR (75.403 MHz, CDCI, (5 =77.00 )): 6 =151.55, 149.34, 142.40,
140.34. 130.61, 129.53, 127.55. 127.19. 125.54, 124.90, 0.26 (SiMe,}: MS(ED): m/z
(%a): 576 (74) [M *]. 503 (22) [M* — SiMe,]. High-resolution MS: caled. for
C,,H,;GeSi, 576.1742, found 576.1720.

3b: Yellow crystals, quantitative yield, M.p. 78-80 'C; "H NMR (300.133 MHz.
CDCl,): 8 = 6.75--7.10 (br. m. 20H, Ph), 1.45-1.52 (br. m, 4H, CH,), 1.30 (t. 4H.
Ge-CH,). 0.95 (1, 6H, -CH;); **C{H} NMR (75.403 MHz, CDCl,): 6 =152.28,
143.30. 140.98. 139.65, 130.14, 128.91, 127.80. 127.35, 125.90, 125.31, 18.80. 17.58,
17.37; MS(ED): mjz (%): 516 (100) [M *], 473 (10) (M * — nPr], 429 (69) [M*
—2nPr]. High-resolution MS : caled. for C; H,,Ge 516.1882. found 516.1883.
3c: Yellow crystals, quantitative yield, M.p. 148-150 C; '"H NMR (300.133 MHz.
CDCly): 8 = 6.78-7.23 {br. m, 20H, Ph). 1.15-1.39 (br. m, 4H. -CH,-). 1.00-1.15
(br. m. 4H, -CH,-). 0.88 and 0.80 (t, 6H. -CH,), 0.64 (t, 4H, Ge-CH,); 3C{H}
NMR (75.403 MHz, CDCl;): d =151.84, 145.40, 140.74, 139.50, 130.38, 129.46,
127.80. 127.39. 126.01, 125.54, 28.04, 25.01, 15.94, 13.44; MS(ED): m/z (%): 544 (59)
[M*],429(28) [M * —2nBu]. High-resolution MS: caled. for C; H,3Ge 544.2197,
found 544.2188.
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