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Abstract: Tris[(2-alkoxymethyl)phenyl]germanes and tris((2-methylthiomethyl)phenyljgermane were
prepared and their structures were investigated by means of X-ray aystallographic analysis and ’Ge NMR
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INTRODUCTION

Recently the hypervalency of main group metal elements has attracted considerable attention. Of the
hypervalency of group 14 elements, that for the organosilicon compounds has been well investigated™** while the
hypervalency of organogermanium compounds has not fully been investigated® except for some triarylgermanes
(A; M = Ge)® and germatranes (B; M = Ge)’. In the course of a new project on supramolecular organogermanium

chemistry®, we were interested in obtaining further insights into this interesting phenomenon of germanium

hypervalency.
OFf the cveteme where hunervalencv has heen observed. triarvleermanes seems most intriguing since the
SR WIU SYSWaliSs WAlIT Y pPUIVARICHLY 385 ULRAL DOUOURIVRAS, 2348 5y ph= 220030 oR82020 LV & &
otarin AnL‘A—nA—ngne tnaurard hunaryalancy ie natr en ctrnng ac that in the cace of carmatranee hacanca a rotation
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about C(phenyl)-CH, bond will make the donor atoms far apart from the central atom. According to Corriu et d. %,
hypervalency is achieved in the case of triaryigermanes and -silanes when the donor D 1s dimethylamino group.

N T 2% 0 g M = Si, Ge
L J W) I D = donor
A B

0040-4020/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
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a; R=CH;- 3; M=Ge
b; R = CaHg- 4; M= Si
€; R = (CHa)sC-

It is expected that a comparison between these compounds and their nitrogen analogs,
tris{dimethylaminomethyli)phenyijgermane(S) and -silane(6) will cast some light on the possibie dative bond
formation between germanium (silicon) and oxygen (sulfur) since § and 6 were proved to be heptacoordinated”.
In these heptacoordinated compounds, the three nitrogen atoms of the side chain are coordinated to the central
atom, occupying the trans position to the aryl group to form “tricapped tetrahedron’ (j.e., coordination of three
ligands to the tetrahedral central metal or metalloid atom).

Then it would be interesting to compounds 1-4 are also hcptacoordmated i.e., if oxygen or sulfur is
nAd _cilanac With this
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¥ T
in mind we prepared a series of 1-4 and investigated these by X-ray crystallography and ""Ge NMR spectra.
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RESULTS AND DISCUSSION

Preparation of compounds
The common precursor for 1-4, i.e., alkyl o-bromobenzyl ether (9a-c¢) or 2-bromobenzyl methyl thioether

(10) were obtained from o-bromotoluene (7) vig 2-bromobenzyl bromide (8) by conventional procedures. The
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It is desirable to obtain the methoxy derivative Ia or at least the ethoxy derivative 1b for a better

T

comparison with 5 and 6. Unfortunately, however, 1a is liquid and 1b fails to give good crystals for X ray

analysis. Hence we chose 1¢. In the case of thio compounds, the methylthio derivative 3 yielded good crystals.

In the case of preparation of 1a and 1¢, monohydroxy compounds, 14a and 14¢, respectively, were formed in

addition to the desired products.

N

v

The reference compound for NMR study, tris(2-methylphen
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Scheme 2. Preparation of Reference Compound
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in some cases by elemental analysis. Some organogermanium or -silicon compounds deteriorated rapidly and

gave clemental analyses shightly deviated from the calculated values. The NMR data, however, supporied

&

structures.

Molecular Structure of 1c and 3

Perspective view of 1¢ and 3 together with atomic numbering scheme is shown in Figures 1 an 2,

respectively.

Figure 1. Perspective view of 3. The numeral in the atom label of S denotes the number of the
symmetry operation in the crystal structure. Symmetry operations 2 and 3 are represented as (-y, +x-y, +z)

and (-x+y. -x, +2), respectively.

Calantnad Aiatnmmanl AN nnd analacfdasreac) far 2 ara ne Fallausc: a1 1 QRA/RY (1a:.€ 2 TTQLM\- (1

Wi Qisancesy A ) anG angieS oCgrecs ) 101 o aic IOuOWS: UC-LUi, 1.7343), UL " ), 3.710i4); L1

Fatl -~ EWa¥ay ‘II\. YY 42 Fal ekl ravd4 10N NN o© ) PR | J'A.A,A,_IR\ I | ~1 PR . B AN Py ol I g, PSR, 2
Ge-C1_2, 109.4(1); H1-Ge-C1-Co6, -160.9(3). Selecied distances(A ) and angles(degrees) of 1¢ are given in



Compound 3 is C, symmetric, because the Ge-H bond resides on the crystallographic three fold axis
carbon atoms of benzyl and methylthio groups are all in the hydrogen side, rather than germanium side of
bond. This is the case with tris(2-methylphenyl)germane(16)’ and §
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Figure 2. Perspective view of 1c.

Table 1. Selected distances(A ) and angles(degrees) of 1c¢.

Ge-C1 1.966(3)
Ge-Cl12 1.955(4)
Ge-C23 1.963(4)
Ge:--0O1 3.277(3)
Ge 02 3.214(3)
Ge 03 3.703(3)
C1-Ge1-C12 108.8(1)
C12-Gel-C23 111.02)
C23-Gel-C1 106.9(1)
H1-Ge-C1-C6 -151(1)

AA}'G\%‘CIZ'CI? -139(1)

H1-Ge-C23-C28 -128(2)
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sulfur lone pair is directed to germanium atom. In the case of §, the interatomic distance between nitrogen and
germanium is 3.66 A, which is 0.60A (16%) shorter than the sum of van der Waals radii(3.65A). The twist
angle H1-Ge-C1-C6 which corresponds to the deviation from coplanarity of benzene ring with the H-Ge-C1
plane is ca. 20°. The average bond angle Ar-Ge-H in 5 is reported to be 112.7°; on the other hand, the same
angle for 3 is 109.4(1)°, which is very close to the tetrahedral angle.

A very interesting point is the difference in the position of donor atoms relative to the aromatic ring. If we
draw a Newman-type projection along Ge-H bond for 3 and § as is shown in Fig. 3, in the former the Ge-Ar
bond and Ge---S bond are in a sense eclipsed(quasi-eclipsed) while in the latter the Ge-Ar bond and Ge---N bond

are quasi-staggered. In other words, in §, the three nitrogen atoms are bound to germanium anti while in 3 the
ree cnnlfiir atnme are hannd i germaninm e in tha inen rarhnn tha aramatisc min Thi hooaruatinn miche
aiCl SUaul diUins afv SOUNG W gimanium Cl1§, W o iPSo Carcd [0} H

$ 1c
Fig. 3 Newman type projection of 1a, 3 and 5.

The carbon atoms of benzyl and ¢-butoxy groups of 1¢ are all in the hydrogen side, rather than germanium
side of Ge-H bond as is the case with 3 and §. The structure of 1¢ is, however, different from thatof 3 and 5 in
one important point. This is the three unequal O---Ge interatomic distances (Table 1). Thus, one of the three

oxygen atoms is not directed to germanium atom and the relevant interatomic distance, 3.703( '%\A is slightly

el aiualila 1y IRR (=208 4 i aiil 4liil UL i vdilil I AiUNIL L lalitu 24151

longer than the sum of van der Waals radii of germanium and o,\yg"n (3.62 A). The interatomic distance for other
Ge---Obonds is 3.277 and 3.214 A, which is 0.34A (9%) and 0.41 A (11%), respectively, shorter than 3.62A.

The difference can be visualized in Fig. 3 where one of the Ge:**O bond is not quasi-staggered, but quasi-
eclipsed with Ge-C(ipso) bond. To sum up, we like to propose that in 1c¢ the germanium is hexavalent.
Nevertheless, all three z-butoxy ligands are still confined to the proximity of the germanium atom.

The average Ar-Ge-H angle of 1c is 108.9°, which is essentially identical with the tetrahedral angle as is the
case with 3. The deviation of coplanarity of three benzene rings to the H-Ge-C1(C12 and C23) plane is different
and larger than that for 3. This is probably, at least in part, due to the bulkiness of +-butoxy groups.

The X-ray crystallographic analysis of silicon analogs of 3 and 1¢, i.e., 4 and 2, was impossible; 2 is a

hguid. and 4 verv ranidlv decomnosed during the data collection of X-rav diffraction. So the X-rav nowder
el ulu, [Fi9 iV v\t‘: luleJ uw\llllyvaw ““‘ul& AW WML VALV WHUIL VA Ja e A“: AL A A AW VAN AENS LB A“J r Y WAwAA
ALt cane cesmnciiead Fae? and A Ciana tha nriprdar nattarmo Af o Aammnanndoe viara accantially idanti~cal
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3Ge NMR Spectra

It is generally accepied that multinuciear NMR speciroscopy is a very useful means to prove whether a
hypervalent state is involved or not. Thus, hypervalency is often associated with an upfield shift of **Si signal in
the case of silicon compounds. A large line broadening was also reported for germanium hypervalency. We
determined "*Ge chemical shifts and linewidth for all compounds we prepared (1a-1c, 3 and 14). In addition,
we prepared and determined the ?Ge NMR spectra of 5, triphenylgermane (15) and 16 for reference. The results

are summarized in Table 2.

Table 2. 7’Ge NMR chemical shifts and half-width of triarylgermanes

Compounds 6 half-width(Hz)
1a —85 350
ib —85 350
1c —84 350
3 —93 270
S — 89 900
14 —85 230
15 —57 20
16 —84 70

Though compounds 1, 3 and § exhibit a substantial upfield shift as compared with 15, compound 16
shows much the same upfield shift. Hence this upfield shift should be due to 7 -effect'' rather than hypervalency
It is interesting to note, however, that there is a rough linear relation( § 5 = 0.025 6 4 - 0.049 (R = 0.972))
between the ">Ge chemical shifts of 1a, 3, 5, 15 and ?°Si chemical shifts of related silanes, 2 (0 -31.32),4 (6
-33.34), 6 (& -35.30'%) and triphenylsilane (& -21.1"%). Such linear relations have long been known between

related organogermanium and organosilicon compounds.'*

On the other hand, the Dr()ducnmg of the signal seems io be al “wa‘ys accompaﬁieu Uy the hypervalency. A
typical example is the linewidth of ethoxygermatrane (20) (165 Hz) vs. that of tetracthoxygermane (21) (30
Hz)”* In15 and 16 the linewidth is narrow, corresponding to the absence of coordination. In the case of 1, 3
and 5, the broadening is large, and this is particularly so for 5, where, as indicated by the interatomic distance,

coordination seems stronger.

CH3 CH,
CHs CH3 Hch\ /CH2
WU eme wBSY ba
Ny (el [
Gle Gle
OCH,CH;, OCH,CH,
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Thus, both X-ray crystallographic analysis NMR linewidth study support ou
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Syntheses

Mps were obtained using Yanagimoto MP-S3 apparatus and are uncorrected. IR spectra were recorded on
Nihon Bunko A202 spectrophotometers. 'H NMR spectra were determined in CDC), solution with a JEOL «-
500(500 MHz) spectrometer using tetramethylsilane as internal standard. J values are in Hz. '*C and ?Si NMR
spectra were determined in CDCl, solution using the same instrument operating at 125,65 MHz, and 99.25 MHz,
respectively, using tetramethylsilane as internal standard. "’Ge NMR spectra were determined with the same

ingtrume: rati 73 7 with tetramethvlogermane ag external standard (condition of meacurement: data
AR A SCEERANER vrvnumla e f ons ATVEE Ri&s TV ana W LA MRS l\(ul] b\JA AIRAZ WY 8T WM BASE RAGAL ) VAALARBLLL NG \Wl WAAGAVIAL UL Wbl WA WA REWELhy WAL
nainte MIAQ. onantral witdth 178N L annsioitinn fma ) 1820 cand
W‘.llla LATYO, D) ual ACERIE, R LN R AL,y ‘I.\.lulbluuu LlulC U.1020 BGL}

Column chromatography was carried out with Wakogel C-200. High pressure liquid chromatography was

carried out with Waters 501 HPLC pump with Waters Differential Refractometer R-401. Liquid chromatography
was carried out with Yamazen FFLC 5540 pump and the detector mentioned above.

Tris[2-(methoxymethyl)phenyljgermane (la) and bis[2-(methoxymethyl)phenyl][2-
(hydroxymethyl)phenyllgermane (14a)
The Grignard reagent (11a) was prepared by adding a tetrahydrofuran (THF) (28 ml) solution of 9a (14.00
, 69.6 mmol) to Mg (1.69 g, 69.5 mmol) in THF (7 ml). Under refluxing, a THF (14 ml) solution of
lpfmr-hlmncrprmnnp (Ge(,) (4.97 g, 23,2 mmol) was added, and the refluxing s continued for another 10 hrs,

etrachlorogermane (Ge(Cl,) (4.97 g, 23.2 mmol) was added, and the refluxing was ther 10

Aftar sonlina tn N 2O T A /N Q0 "1 mmo N wae addad and chirrad foor 18 min  af ronm tamnaratmira A ftar
P teiviy \mels w v vy LML (V.00 5, ey E1RER l} wm QUL I DLULAVAL AWV 127 H1IAl. 4 1WA L\dlllwml\l awna

hydrochloric acid (2 mol I') was added, the product was extracted with CH,Cl,, which was washed with water,

dried over MgSO, and evaporated. The residue was purified by means of reverse-phase HPLC (medium

pressure) chromatography with CH,CN as the eluent to give tris[2-(methoxymethyl)phenyl]germane (1a) (2.53 g.

25.0 %) and, as the by-product, bis[2-(methoxymethyl)phenyl][2-(hydroxymethyl)phenyl]germane (14a) (0.94

g, 9.6 %) both as colorless liquid.

(1a) IR (CHCl,, v, cm); 2070 (Ge-H). "H-NMR (CDQl,, §, r.t.); 3.11 (9H, s, OCH,), 4.43 (6H, s, ArCH,0)

5.99 (1H, s, GeH), 7.20 (3H, t, J = 7.5 Hz, aromatic), 7.24 (3H, dd, J = 7.5, 1.5 Hz, aromatic), 7.37 (3H, td,
, 1.5 Hz, aromatic), 7.43 (3H, d, J = 7.5 Hz, aromatic). >*C-NMR (CDCl,, 3, r.t.); 57.72, 74.88,

7, 127.92, 129.14, 135.41, 136.07, 143.48. >Ge-NMR (CDCl,, 8, r.t) -85.4 (Vv 122 = 350 Hz)

YIR (CHCL, v, cm™); 3400 (O-H), 2

N (W KRNy Yoy VR Jy JTUU \W i)y &UU 4.37

(2H, d, JHcH = 11.6 Hz, ArCH,OCH,), 4.50 (2H, d, *J HcH=11.6 Hz, ArCH,0CH,), 4.61 (2H, s, ArCH,OH),
i

43,
1) lu_Nm ™1 & rt) 208 (FH < H

1), 'H-NMR (CDCl, 9, r.v); 2.98 (6H, s, OCH,

4
O (Ge-
(VAR (v

[T

I
;-. AN —- samnTY 13~ » 17t Vo] M AN LA an AE NN 2

6.04(1H, s, GeH), 7.20-7.49 (12H, m, aromatic). *C-NMR (CDCi,, 9, r.t.); 57.32, 64.89, 75.00,

127.64, 128.66, 129.03, 129.30, 129.46, 135.68, 135.83, 135.97, 136.07, 143.16, 145.97.
NMR(CDCl,, &, r.t.) -84.7 (v 172 =250 Hz).

-~ N
[.41,

Tris[2-(ethoxymethyl)phenyl]jgermane (1b)
The Grignard reagent (11b) was prepared by adding a THF(20 ml) solution of 9b (10.76 g, 50.0 mmol) to
Mg (1.22 g, 50.2 mmol) in THF (5 ml). Under refluxing, a THF (10 ml) solution of GeCl, (3.59 g, 16.7 mmol)
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[+
was added, and the refluxing was continued for another 40 hrs, After cooling 10 0 °C, LAH (0.64 g, 17 mmol)
..... JUETE TR TN S 1€ sl mt svnies fmerrivanbise A frae hodenahlowia nnids/D o W ad -
was added and stirred for 15 min. at room 'mperature. Aiter nyaroCnori auxu\z nol } ) was as added, the proauct

was extracted with CH,Cl,, washed with water, dried over MgSO, and evaporated. The residue was purified by
recrystallization from CH,CN to afford tris{2-(ethoxymethyl)phenyljgermane(ib) (3.77 g, 47.0 %) as coloriess
crystal; m.p. 83.5-84.5 °C(from CH,CN); (Found: C, 67.62 ; H, 7.20%. C,,H,.GeO, requires C, 67.68 ; H,
7.15%). IR (CHCL, v, cm®); 2090 (Ge-H). 'H-NMR (CDCl,, 3, r.t.); 0.95 (9H, t, J = 7.0 Hz, OCHCH,),
3.29(6H, q, J = 7.0 Hz, OC CH,), 4.47 (6H, s, ArCH,0), 6.01 (1H, s, GeH), 7.18 (3H, «d, /= 7.4, 1.2 Hz,
aromatic), 7.23 (3H, dd, J = 7.4, 1.2 Hz, aromatic), 7.35 (3H, td, /= 7.4, 1.2 Hz, aromatic), 7.44 (3H, dd, J =
7.4, 1.2 Hz, aromatic). *C-NMR; (CDCl,, §, r.t); 14.77, 65.59, 73.01, 127.16, 127.96, 129.14, 135.35,
136.11, 143.81. *Ge-NMR (C.D,, 8, r.t.); -85.4 (v 12 = 350 Hz).

Trisf2-[(1,1-dimethylethoxy)methyl]phenyllgermane (lc¢) and bis{2-[(1,1-
dimethylethoxy)methyijphenyiji2-(hydroxymethyl)phenyl]jgermane (14c)

The Grignard reagent (1 1¢) was prepared by adding a THF (20 ml) solution of 9¢ (12.17 g, 50.1 mmol) to
Mg (1.22 g, 50.2 mmol) in THF (5 ml). Under refluxing, a THF (10 ml) solution of GeCl, (3.59 g, 16.7
mmol)was added, and the refluxing was continued for another 40 hrs. After cooling to 0 °C, LAH (0.64 g, 17
mmol) was added and stirred for 15 min. at room temperature. After hydrochloric acid (2 mol I'') was added, the
product was extracted with CH,Cl,, which was washed with water, dried over MgSO, and evaporated. The
residue was purified by means of reverse-phase HPLC(medium pressure) chromatography with CH,CN as the
eluent to give tris[2-[(1,1-dimethylethoxy)methyl]phenyl]germane (1¢) (1.29 g, 13.7 %) and bis{2-[(1,1-

Lan v Ui o

dimethylethoxy)methyl] [2-(hydroxymethyl)phenyl]germane (14¢c) (1.24 g, 14.6 %) as colorless crystal (1¢) and

rnlaclace limuAd (1 4d s macnantivaly
L9, BLVA NS lll.lulu \aA"N ), IUGP‘/\-U Yoiy.

PR, Lo T N P . Q 312 A p] P .
ic: m.p. 58.0-59.0 °C (from CH,CN); (Found: C, 70.65 ; H, 8.23 %. C,H,,GeO, requires C, 70.36 ; H,
O AMArN YT ST In., Anmn s TYV ¥y wmTm ATy 7T [~ WY 1 NL /AILY . YT 20 /LIy o
8.23%). IK (LHUl,, V, ¢m’), Z2U/U (Ue-i1). N-NMK (LR, 0, T.L), 1.W (4/1, §, L), 4.20 (011, §,

ArCH,0), 6.05 (1H, s, GeH), 7.16 (3H, t, J = 7.5 Hz, aromatic), 7.24(3H, dd, J = 7.5, 1.3 Hz, aromati),
7.37 (3H, u, J=17.5, 1.3 Hz, aromatic), 7.51 (3H, d, J = 7.5 Hz, aromatic). *C-NMR (CDCl,, §, r.t.); 27.39,
64.43, 73.41, 126.84, 127.58, 129.39, 134.20, 135.93, 145.18. "’Ge-NMR (C,D,, 8, r.r.); -84.0 (V 112=
350 Hz).

14c¢: IR (CHCL, v, cm™); 3400 (O-H), 2060 (Ge-H). '"H-NMR (CDCl,, 8, r.t.); 1.02 (18H, s, +Bu), 4.38(2H,
, 2. = 10.9 Hz, ArCH,O-1-Bu), 4.43 (2H, d, 2] = 10.9 Hz, ArCH,O-1-Bu ), 4.52 (2H, s, ArCH20H), 6.05
11—1 s, GeH), 7.17-7.25 (6H, m, aromatic), 7.36-7.40 (3H, m, aromatic), 7.47-7.48 (3H, m, aromatic). 13C.-

NOWAl), g \Vil, iiiy GQAVINLGUL ), \S22y 233, QARMIAUL)S L2 SV alllially

MR (CDCl,, §, r.t.); 27.28, 64.59, 65.68, 73.78, 127.28, 127.42, 128.67, 128.97, 129.56, 135.09, 135.79,

AL rE A AL AN

135.85, 136.14, 144.65, 146.39.

=

Tris[2-(methylthiomethyl)phenyljgermane (3)

The Grignard reagent (12) was prepared by adding a THF (80 ml) solution of 10 (21.72 g, 100 mmol) and
1,2-dibromomethane (18.72 g, 100 mmol) to Mg (4.86 g, 200 mmol) in THF (40 ml). Under refluxing, a THF
(10 ml) solution of GeCl, (7.15 g, 33.3 mmol) was added, and the refluxing was continued for another 40 hrs.
After cooling to 0 °C, LAH (1.27 g, 33.5 mmol) was added and stirred for 15 min. at room temperature. After
hydrochloric acid (2 mol ') was added, the product was extracted with CH,Cl,, which was washed with water,

\= ad diUllCAl; VRALIL

SO, and evaporated. The residue was purified by means of reverse-phase HPLC (medium
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(from CH,CN). (Found: C, 59.22; H, 5.79%. C,.H,,GeS, requires C, 59.40 ; H, 5.82%). IR (CHCl,, v , cm’
;. 2090 (Ge-H). 'H-NMR (CDCl,, 8, r.t.); 1.92(9H, s, SCH,), 3.75(6H, s, ArCH,S), 6.37 (1H, s, GeH),
7.16 3H, ud, J = 7.3, 1.5 Hz, aromatic), 7.19 (3H, dd, J = 7.3, 1.5 Hz, aromatic), 7.35 3H, ud, J =7.3, 1.5
Hz, aromatic), 7.42 (3H, d, J = 7.3 Hz, aromatic). >*C-NMR (CDCl,, §, r.t); 15.23, 39.27, 126.68, 129.45,

129.54, 135.57, 136.31, 143.60. "°Ge-NMR (C,D,, §, r.t.); -92.7 (v 112 =270 Hz)

Tris[2-(methoxymethyl)phenyllsilane (2)

The Grignard reagent 11a was prepared by adding THF (66 ml) solution of 9a (32.
163 mmnl\ in THF 117 ml\ Under ice-cooli
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was extracted with CH,Cl,, which was dried over MgSQ, and evaporated. The residue was punﬁed by means of
reverse-phase HPLC (medium pressure) chromatography with CH,CN as the eluent to give tris[2-
(methoxymethyl)phenyl]silane (2) (18.23 g, 85.1 %) as colorless oil. IR (CHC,, v, cm); 2160 (Ge-H). 'H-
NMR (CDCl,, §, r.t.); 3.10 (9H, s, OCH,), 4.46 (6H, s, ArCH,0), 5.73 (1H, s, SiH), 7.20 3H, W, J = 7.3,
1.1 Hz, aromatic), 7.25 (3H, dd, /= 7.3, 1.1 Hz, aromatic), 7.39 (3H, td, /= 7.3, 1.1 Hz, aromatic), 7.42 (3H.
dd, J = 7.3, 1.1 Hz, aromatic). *C-NMR (CDCl,, §, r.t.); 57.70, 74.52, 126.93, 127.52, 129.67, 132.84,
137.04, 144.33. *Si-NMR (CDCl3, §, r.t.); -31.32('J,, 208 Hz).

Teicl? (tmathylthinmathollinhangllcilana (A4
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1n Ul'lgnarﬂ reagcn[ of 1Z was prepared oy a(l(nng alnr (dumi) soiuaon o1 1v (£1./1 g, 10U mmol) 1o

Mg (4.86 g, 200 mmol) in THF (40 ml). Under ice-cooling, a THF (50 ml) solution of HSiCl, (4.51 g, 33.3
mmol)was added, and the refluxing was continued for another 40 hrs. After cooling to 0 °C, LAH (1.27 g, 33.5
mmol) was added and stirred for 15 min. at room temperature. Water was added, and the product was extracted
with CH,Cl,, which was washed with water, dried over MgSO, and evaporated. The residue was purified by
means of reverse-phase HPLC (medium pressure) chromatography with CH,CN as the eluent followed by
recrystallization from CH,CN to give tris[2-(methylthiomethyl)phenyl]silane (4) (1.86 g, 12.7 %) as colorless
crystal; m.p. 111.5-112.5 °C (from CH,CN). (Found: C, 65.35; H, 6.33; S, 21.68 %. C,,H,SiS; requires C,
65.40: H, 6.40; S, 21.82 %). IR (CHCL, v, cm'); 2170 (Ge-H). 'H-NMR (CDCl, §, r.t.); 1.91 (9H, s,

SCH.). 3.77 (6H. s. ArCH.S). 6.13 (1H, s iH). 7.15 GH. &, J =
slLrl,), > / (01, 5, AILI,D ), 010151, 5, lﬂ), .10 \oIr1, u, J =
7
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o
7.3, 1.4 Hz, aromatic), 7.38 (3H, td, /= 7.3, 1.4 Hz, aromatic), 7.43 (3H, d, /= 7.3 Hz, aromatic). NMR
(CDQl,, 8, r.t.); 57.70, 74.52, 126.93, 127.52, 129.67, 132.84, 137 04, 144.33. ¥Si-NMR (CDCL, 3§, r.t.); -

33.34 ('J,,=204 Hz).

Tetrakis(2-methylphenyl)germane (18)

The Grignard solution between o-bromotoluene (75.00 g, 438.5 mmol) and GeCl, (11.00 g, 51.30 mmol),
after usual workup, afforded tetrakis(2-methylphenyl)germane (18) (11.64g, 52.8%) as colorless crystal. 'H-
NMR (CDCR, §, r.t.); 2.03 (12H, s, CH3), 7.13-7.20 (8H, m, aromatic), 7.30 (4H, td, J = 7.4, 1.3 Hz,

LN S k] F=2 9 ¥ LY .

aromatic), 7.49 (4H, dd, J = 7.4, 1.3 Hz, aromatic). '>*C-NMR (CDCl3, 3, r.t.); 23.52, 125.58, 129.18, 130.21,
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135.96, 135.99, 144.03.7*Ge-NMR (CDCl3, §, r.1.); -33.2 (v 112 = 80 Hz).

Tris(2-methylphenyl)germane (16)

A solution of 18 (2.00 g, 458 mmol) and bromine (0.78 g, 4.88 mmol) in BrCH,CH,Br (12.2 mi) was
refluxed for 30 min. After the solvent was removed, diethyl ether (20 mi) was added and cooled to room temp.,
to which LAH (0.17 g, 4.5 mmol) was added and stirred for 15 min. Hydrochloric acid (2 mol I'') was added and
the product was extracted with CH,Cl, for 4 times, washed with water and dried over MgSQ,. The solvent was
removed, and the residue was distilled in vacuo. The distillate was chromatographed (medium pressure, reverse
phase, CH,CN) and further recrystallized from CH,CN to afford tris(2- methylphenyl)germane (1 6) (0.49 g,
31%) as colorless crystal. "H-NMR (CDCl,, §, r.t.); 2.33 (9H, s, CH3), 5.95 (IH, s, GeH), 7.11 3H, t, J =
7.3 Hz, aromatic), 7.16 (3H, dd, J = 7.3, 1.2 Hz, aromatic), 7.23 (3H, dd, J = 7.3, 1.2 Hz aromatic), 7.30
(4H, td, J = 7.3, 1.2 Hz, aromatic). 3C.NMR (CDCL,, 8, r.t.); 22.97, 125.49, 129.41, 129.62, 134.63, 135.61

143 83, 73(‘-:--NMP (CDC1._ & rt): -840 (v 1n=65Hz ’j =99 6 Hz)
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X-ray Daia Coliection and Reduciion

Crystals of 1¢ and 3 were obtained via slow evaporation of CH,CN solution at room temperature. X-ray

Table 3. Crystal data for compounds 1¢ and 3

Compounds 3 1¢
Formula C, H,, GeS, C,,H,GeO,
Formula weight 485.27 563.32
Crystal system trigonal triclinic
Space group R3 (hexagonal setting) PT
Crystal color colorless colorless
Crystal size (mm) 0.45, 0.30, 0.10 0.2,0.2,0.2
a(A) 14.850(2) 9.877(2)
b (A) 14.850 18.770(1)
¢ (A) 9.166(2) 9.830(2)
(% S0 97.5%(1)
B® 90 118.7(1)
Y 120 85.17(1)
V(A% 1750.3(6) 1584.1(5)
Z 3 2

d s (g cm™) 1.38 1.18

A (A) 0.71069 1.54184
g (mm™) 1.56 1.50
20,0 55 120
Number of reflections refined 1673 4178
Number of parameiers 122 470

R 0.044 0.050
GOF 1.005 0.802




9822 Y. Takeuchi et al. / Tetrahedron 54 (1998) 9811-9822

data from the two compounds were collected at room temperature on a Rigaku AFC6A four-circle diffractometer
and a Rigaku AFCS diffractometer, respectively. Intensity data were collected by the 6/28 sca niques

Lo SUARE MR EEII] WV .

Structures were solved by direct methods using the programs Shelxs86' for 1¢ and Shelx76'” for 3. Structures
were refined based on || using Xtai3.2'* for ¢ and Sheix76 for 3. Final atomic parameters were deposited at
the Cambridge Crystallographic Data Centre. The crystallographic data are summarized in Table 3. Perspective
views of the molecules (Figs. 1 and 2) were made by the use of ORTEPIII for Windows'®.
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