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Dlmesltylneopentylgermene, A New Stable Germene 
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Summary: The dlmesltyhopentylgerrnene kbS2- 
CHCH2-t-Bu (3) was synthesized in high yleld by an ad- 
dltion-elmination reaction between dimeskyivlnyMwro- 
germane and tcwf-buty#tthium. I t  Is stable at room tem- 
perature and Is highly reacthre toward electrophillc and 
nucleophilic reagents. 

The dimesitylfluorenylidenegermane Mes2Ge=-CR2 
(C& = fluorenylidene), isolated in 1987,’ was the f i t  
example of a stable ‘organometallic alkene” with a formal 
germanium-carbon double bond. At about the same 

and more recently,8*‘ some other germenes have 
been described, with two of them having a prochiral ger- 
manium atom. 
We report here the preparation and our initial studies 

of the reactivity of dimeaitylneopentylgermene (3), the first 
stable germene with a pruchiral carbon. 

Two methods have been used to synthesize germenes, 
the dehydrohalogenation of halogermanea by organo- 
lithium CompounddJJ and a germylene-carbene coupling 
reaction:2 
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For 3 we have used the addition-elimination reaction, 
Le., addition of an organolithium compound to a vinyl- 
halogermane: 

R-CH2 -CH ==e/ + X- 
\ 

This mute was described first by Jonas and then widely 
used by Aunere”e and, more recently, by Yoo& to prepare 
silenes from vinylchlor~silanes.~ 
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In order to limit the side reactions often observed in the 
cam of vinylchlodlanea,S we performed the reaction with 
a vinylfluomgermane, Mea&(F)CH=CH, (1); because of 
the strong germanium-fluorine bond energy (114 kcal/ 
mol)! lithium/fluorine exchange generally does not occur 
with fluorogermanes. Moreover, it ia well-known that 
mesityl groups on germanium increase the stability of 
germenes.lp4 

Dimesitylvinylfluorogerm~e (1) was prepared in one 
step by the reaction of vinylmagnesium bromide with 
dimesityldiflu~rogermane~ in T H F  

Mes2GeFz + CH2--CH-MgBr - THF 

Mes2Ge(F)CH=CH2 
1 

Addition of 1 molar equiv of tert-butyllithium (1.7 M 
in pentane) to an Eta0 eolution of 1 cooled to -78 OC gave 
the a-lithiogermane 2;l0 the reaction, followed by lH NMR 
spectraecopy, involved the elimination of lithium fluoride 
at  -50 OC and the nearly quantitative formation (yield 
>W%) of the expected germene 3:” 

t-BuLi -50 o c  
1 - Me%Ge(F)CH(Li)CH,-t-Bu 

2 w1-78 O C  

MehGdHCH,-t-Bu 
3 

Aftat elimination of solventa in vacuo, the yellow solid 
was analyzed by NMR (solvent toluene-d&, which showed 
the expected characteristic signals, both in the ‘H (2 
unequivalent mesityle and the triplet of ethylenic proton 
at 6.10 ppm) and in the lac NMR spectrum (doubly 
bonded carbon at 124.2 ppm). 

Germene 3 is yellow in solution and stable at room 
temperature. It ia extremely air- and moisture-sensitive 
and has not yet been isolated but was obtained sufficiently 
pure to study ita chemical behavior. It is highly reactive, 
particularly toward electrophilic or nucleophilic reagents 

(7) Tbe *t @- [-HCH+Bu] WUI trappsd, in  OW 
yields, by 2,3-dimethylbutadiene in the reaction of dimethylvinylchlom 
gennane with t-BuLi: Auner, N. Conference, Toulouee, 1989. 
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(10) a-Lithioge”e 2 w(111 evidenced by addition of methyl iodide to 
the reaction mixture, at -60 OC, leading to the fluomgermane Mes&e 
(F)CH(CH&C&t-Bu, which wan not ic~~lntml in pure form but w81) tuUy 
chamcM4 by NMR (lH, W ,  ‘OF) e-py and mas spwtmmetry. 

(I, 9 H, t-Buf 1.34 (m, 2 H, CH 2.12 (e, 6 H, p-Me), 2.34 (d, 6 J ~ - ~  = 
2.6 Hz, 12 H, O-Me), 6.72 (I, 4 & m-H, Mea); % (60.3 MHz) 6 25.64 
@-Me), 26.4 (0-Me), 28.66 (d, * J e  = 13.7 Hz, CHI, 28.88 (CH’, t-Bu), 
29.82 (CH&, 32.40 (C, t-Bu), 40.46 (hi t-Bu), 128.73 (m-C), 136.10 @C), 
142.20 (0-C), ipw C undertsrmined; l%P. (76.4 MHz) 6 -112.9. MS (EI, 
70 eV, m/z (W)): 364 (M - F - t-Bu, 66), 311 (M - Mea, 27), 292 (M - 

(11) The reahon performed in a toluene-pentane mixture (60/50) 
leads to similar reaulta, in this cam, lithium fluoride elimination occure 
at -30 OC. 

NMR (CDC1 : ‘H (80.1 MHZ) d 0.89 (d, ‘JH-H 7.7 Hz, 3 H, CHd, 1.32 

F - Mer, 81), 236 (M - F - Mea - t-Bu, 79), 193 (Mea&, 18), 119 (Mea, 
16), 67 (t-Bu, 100,). 
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Communications 

(HC1, MeOH, t-BuLi, LiAlH,), which react rapidly and 
almost quantitatively: 

Organometallics, Vol. 11, No. 10, 1992 3177 

of digermoxane 9 via reaction of 8 with still unreacted 
germene 3 

Me%&= CHCHz-l-Bu ,+- 

3 

LiAlH, 

Mes2Ge(CI)CH2CH2-t-Bu 

4 

Mes2Ge(OMe)CH2CHz-1-Bu 

5 

MeszGe(tBu)CHzCHz-l-Bu 

6 

Mes2Ge(H)C H2CH2- 1-Bu 

7 

Hydrolysis of 3 gives different products that depend on 
the erperimental conditions. Rapid addition of an excess 
of water afforda nearly exclusively the germanol8, whereas 
the addition of molar equiv of water leads to formation 

(12) SyntheaM of 1: To a solution of Mes&Ft (2.0 g, 6.7 "01) in 
EhO (20 mL) cooled to -78 OC wae added 1 molar equiv of a solution of 
vinylmagneaium bromide (1 M in THF). The reaction mixture wan 
warmed to room tempsrature and then wan hydrolyzed (H 09; the or- 
ganic h e r  wm dried over anhydr~ua N ~ o , .  f i r  d i d t i o n  of sol- 
vents in vacuo, crude 1 wan purified by crystallization from pentane at 
-20 O C ;  1.70 g P l d  83%) of white crystals (mp 79 "C) wan obtained. 
NMR (CDCls): H (200.1 MHz) 6 2.26 (e, 6 H, pMe, Mea), 2.33 (d, 'JH-F 

1.6 Ha, 12 H, o-M~,  Mer), 6.79 (ddd, 3.0 Hz, ' J p ( t r ~ )  = 19.3 
0.9 Hz, 1 H, H trans CHJ, 6.12 (ddd, JH-H = 3.0 Hz, 

1.6 9 1 H, H & CHJ, 6.79 (ddd, ' J ~ H ( & )  
3.1 Hz, 1 H, W H J ,  6.84 (d, 

6 J w  = 0.6 I& 4 H, m-H, Mea); k (60.3 MHz) 6 16.82 @-Me), 18.01 (d, 
' J e p  2.9 He, e&), 123.30 (m-C), 123.39 (d, lJ0p = 9.4 Hz, ipso C), 
127.01 (d, * J w  4.3 Hz, 4333, 132.85 (d, ' J G ~  3 14.0 HZ, HC-), 
134.63 (PC), 137.96 (0-C); 1q (76.4 MHz) d -109.3. MS (EI, 70 eV), 7'ce; 
m/z (96)): 368 (M+, W), 339 (M - F, 161,331 (M - CH==CHz, 16), 238 
(M - Modi, 100). IR (CDCls): v ( c - - C )  1602.1 cm-'. Anal. Calcd for 
C&&k C, 67.28; H, 7.06. Found C, 67.96, H, 7.12. Synthesis of 

to a rolution of 1 (0.60 g, 1.4 "01) in EhO (10 mL) cooled to -78 OC. 
The d o n  mixture became pale yellow. Near -60 OC it turned an 
intem yellow. The reaction wan followed by 'H and 'F NMR spec- 
troocopy, which ahowed the formation of 8 at thin temperature. The 
"misturebWesdto"t8nlperature; aftsrelimination 
otLiFbyfi l trat ionarrd~~of~v~tainvacuo,theyel lowrolidwan 
d i d d  in t d d a  and analyzsd by NMR. NMR (C7Dd: 'H (200.1 
MHz) 6 0.98 (e 9 H, t-Bu), 2.06 (e, 6 H, O-Me, Mea), 2.10 (e, 6 H, o-Me, 
Mer'), 2.41 (d, bM = 9.7 He, 2 H, CHJ, 2.44 (e,6 H,pMe, Mea, Mea'), 
6.10 (t, aJ -H 9.7 Hz, 1 H, ICH), 6.66 (e,4 H, m-H, Mea, Mea'); 'F 
(60.3 -76 21.44,24.61,24.67,26.09 (0-Me and pMe, Mea, Mea'), 29.24 

128.74 (m-C, Mea, Mea'), 136.27 and 136.11 (ipso C, Mea, Mea'), 139.03 

theah of adducta 69. Solutions of 8, prepared an described above, were 
allowed to react with a %fold excaw of the reactant. Compounds 4% then 
werepurifid bychromatcetPphy0nsilica. Aucompound~weteobtained 
an waxy mntdah, very dif€icult to crystalliae; thua, melting pointa were 
not reported. Data for 4 are an follows. NMR (CDCl,): 'H (80.1 MHz) 
6 0.90 (e, 9 H, t-Bu), 1.30 (br e,4 H, CH CHJ, 2.27 (e, 6 H, pMe), 2.39 
(e, 12 H, +Me), 6.83 (e, 4 H, m-H, M e a ) ; k  (50.3 MHz)  d 21.06 @-Me), 
23.63 (CH2Ge), 23.74 (O-Me), 28.96 (CH,, t-Bu), 29.82 (C, t-Bu), 38.00 
(CHft-Bu), 129.67 (m-C), 136.14 (ipso C), 139.29 @-C), 142.33 (0-C). MS 
(EI, 70 eV; m/z (9b)): 432 (M+, S), 397 (M - C1, a), 347 (M - 
CH2CH,-t-Bu, loo), 312 (MeegGe, 681,228 ( M e a w l ,  871,193 (MesGe, 

Hz, ' J H - ~  
'Jn_H(&) 13.2 Hz, 'Jwr 

13.2 Ha, *J H ( ~ I ~ M )  = 19.3 HZ J H - ~  

3: 0110 W u i W t  Of t-BuLi (1.7 M in pentane) WM added undw nitrogen 

(CHS, t-Bu), 30.78 (C, t-Bu), 46.31 (CHJ, 124.20 (e), 128.50 and 

and 139.26 (04, Mea, Ma'), 142.77 and 142.82 (p-C, Mea, Ma'). Sm- 

HIO 8 3 - Mes2Ge(OH)CH2CHpt-Bu - 
8 

'/,(Mea, eCH2CH2-t-Bu)20 P 
9 

All compounds isolated in this work were fully charac- 
terized.12 

In conclusion, 3 is the first example of a germene that 
is stable at rmm temperature and is not resonance-sta- 
bilized. It is easily available in high yields and appears 
to be an excellent model for wide inv&igations of germene 
chemistry; some aspecta of ita reactivity are now being 
examined. 
OM920279V 

26), 119 (Mw, 30), 67 (t-Bu, 78). A d .  Calcd for C u H & l k  C, 66.79; 
H, 8.17. Found C, 66.89, H, 8.26. Data for 6 are an follows. NMR 
(CDCls): 'H (80.1 MHz),  6 0.84 (e, 9 H, t-Bu), 1.62 (br e ,4  H, CH'CH,), 
2.23 (e, 6 H, Me), 2.30 (e, 12 H, o-Me), 3.31 (e,3 H, OW),  6.77 (e, 4 H, 
m-H, Mea); &.! (62.9 MHz) 6 21.01 @-Me), 23.77 (Me),  27.35 (o-Me), 
(m-C), 134.87 (ipso C), 140.15 @-C), 142.64 (0-0. MS (EI, 70 eV; m / z  
(96)): 428 (M+, I), 397 (M - OMe, 91,343 (M - CHPHpt-Bu, 1001,312 
(Mea&, 14). Anal. Calcd for C&&O: C, 70.29; H, 8.97. Found C, 
70.45, H. 9.08. Data for 6 are an follows. NMR (CDCls): 'H (80.1 MHz)  

(e, 12 H, +Me), 2.22 (e, 6 H, p-Me), 6.71 (e, 4 H, m-H Mea); 'F (50.3 
MHz) 6 14.40 (m), 20.89 @Me), 26.04 (+Me), 28.94 (CH t-BuCHJ, 
29.78 (C, t-BuGe), 29.90 (CH,, t-BuCe), 31.40 (C, t-BuEHJ), 40.47 
(CHpt-Bu), 128.74 (me), 136.90 @C), 139.28 (ipso C), 142.62 (0-C). MS 
(EI, 70 eV; m/z (96)): 397 (M - t-Bu, 561,313 (MeepGe + H, loo), 193 
(Mea&, u ) ,  119 (Mea, lo), 67 (t-Bu, 63). AnaL Calcd for C A G e :  C, 
74.20, H, 9.79. Fouad: C, 74.47; H, 9.91. Data for 7 are an follom. NMR 
2.26 (e, 6 H, pMe), 2.34 (e, 12 H, o-Me), 6.26 (t, 'JH-H = 1.9 Hz, &HI, 
6.81 (e, 4 H, m-H, Mea); (60.3 MHz) 6 13.34 (CH,Ge), 21.04 @-Me), 
23.74 (*Me), 28.92 (m, t-Bu), 32.02 (C, t-Bu), 41.40 (CHpt-Bu), 128.60 
(m-C), 134.25 (ipw C), 138.11 @-C), 143.46 (04). MS (EI, 70 eV; m/z 
(96)): 398 (M+, 1); 313 (M Hpt-Bu, 391,278 (M - MwH, 14),221 

28.82 (ma, t-Bu), 29.38 (C, t-Bu), 44.10 (CHpt-Bu), 62.82 (OCHs), 128.82 

6 0.80 (e, 9 H, t-Bu), 1.23 (e, 9 H, Ge-t-Bu), 1.27 (br 894 H, CHZCHJ, 2.19 

(CDCls): 'H (80.1 MHz) d 0.87 (8,9 H, t-Bu), 1.28 (br 8,4 H, CH CHJ, 

CH 
(M - MmH - t-Bu, 7), 193 (M ,36), 119 (Mea, 28), 85 (CHfiHpt-Bu, 
7), 17 (t-Bu, 80), 43 (MQCH, 100). IR (CDCls): v(&H) 2062.6 ~m-'. 
Anal. Cald for CNHm&. C, 72.68; H, 9.14. F m d  C, 72.37; H, 9.02. 
Data for 6 are an falloan. NMR (CDCls): 'H (80.1 MHz) 6 0.91 (e, 9 H, 
t-Bu), 1.49 (br e, 4 H, C CHJ, 2.28 (e, 6 H, pMe), 2.40 (e, 12 H, O-Me), 
6.83 (e,4 H, m-H, Mea)% (60.3 M H z )  6 19.79 (CH2Ge), 21.08 @-Me), 
23.41 (0-Me), 28.W (a8, t-Bu), 31.26 (C, t-Bu), 37.80 (CHrt-Bu), 129.16 
(m-C), 136.84 (ipso C), 138.81 @-C), 142.79 (04). MS (EI, 70 eV; m z 

100). IR (CDCls): 4OH) 3659.0 (free), 3461.8 (amaciated) cm-'. Anal. 
Cald for C,,H : C, 69.77; H, 8.78. Found C, 69.90; H, 8.93. Data 
for 9 are an f o e  NMR (CDCl'): 'H (80.1 MHz) 6 0.61 (br e, 18 H, 
t-Bu), 1.63 (br e, 4 H, CH&HJ,1.85 (br 8,24 H, 0-Me), 2.17 (br 8,12 H, 
pMe), 6.67 (br e, 8 H, m-H, Mea), 'Bc (60.3 MHz) 6 16.62 (C&Ge), 20.93 
@Me), 2.4.41 @Me), 28.69 (CH, t-Bu), 29.76 (C, t-Bu), 31.15 (CZ+t-Bu), 
129.14 (m-C), 136.63 (ipso C), 142.69 @C), 144.80 (0-C). MS (EI, 70 eV; 
m/z  (%)): 793 (M - Me, l), 397 (Mm&CHPHrt-Bu, 61,312 Weep% 

71.35; H, 8.73. Found C, 71.07; H, 8.68. 

(W)): 397 (M - OH, a), 329 (M - CH&H+Bu, 71), 294 (M - MW i!I I 

13), 238 (M - M ~ s  - t-BU, lo), 193 (Ma&, U) ,  119 (Mw, 46), 67 (t-Bu, 

100), 193 ( M ~ o ,  17), 119 (Mea, 12). Anal. Calcd for Cd7&20 C, 
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