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In rea3t ions of nueleophiles,  for  example ,  R3GeM (where M is an alkali  metal) with acetylene der i -  
vatives the possibi l i ty  of format ion  of adducts is de te rmined  mainly by the nucleophilicity of the R3Ge anion 
and the elec=rophilicity of the . r -e lectron sy s t em  [1]. In the case of R C - C H  compounds the metal la t ion 
p r o c e s s  [2, 3] normal ly  competes with the addit ion reac t ion .  We have shown that metal la t ion predominates  
in the reac t ion  of phenoxyacetylene with t r i e thy lge rmyl l i th ium in THF at a reagent  ra t io  of 1 : 1 .  The r eac -  
t ion product~ (after hydrolys is)  a re  phenoxyacetylene,  isolated in a yield of 49.3%, t r i e thy lge rmane  (23.4%), 
and hexaethyld igermane (I) (19.3%), while the yields of 1 - t r i e thy lge rmyl - l -phenoxye thy lene  (II) and c i s - 1 -  
t r ie thylgernLvl-2-phenoxyethylene (III) is not high (~3%). 

(C._,Hs)3GeLi + C6HsOC-~CH -+ C~HsOC~CLi + (C2Hs)3GeH + 
+ (C2H~)aGe(C6H~O)C=CHLi + Imc-(C~H~)aGeCH=C(Li)OCGH~ (1) 

Compounds (I)-(III) were  isolated as f rac t ions  having bp 89,5-90~ (1 mm) and were  separa ted  by the meth-  
od of GLC. Format ion  of d igermane  (I) was observed e a r l i e r  during metallat ion of di- and t r iphenylmeth-  
ane with t r i e thy lge rmylpo tas s ium [4] and according to  [5], is explained by the side reac t ion  

(C~H~)sGeH + (C~Hs)~GeLi -+ LiH + (C2Hs)6G % (I) (2) 

Judgirg f rom format ion  of compounds (II) and (III), addition of t r i e thy lgermyl l i th ium at the C =- C 
bond occurs  nonregiospeeif ieal ly .  The absence  in the mixture  of t r a n s - i s o m e r  (III) indicates that  f o rma-  
t ion of the ~-adduct  occurs  s t e r e . s p e c i f i c a l l y  by the mechanism of t rans-nucleophi l ic  addition, T r i m e t h y l -  
s i tyl(phenoxg)acetylene (IV) is formed in a yieId of 52.6% upon car ry ing  out the reac t ion  (1) with subsequent  
addition of (CHa)aSiC1, which conf i rms the p re sence  in the reac t ion  mix tu re  of C6HsOC -- CLi.  A t . t i n t e r  syn-  
thes i s  of (IV) was ca r r i ed  out by the equation 

C6HsOC~CMgBr + (CHs)3SiC1 -+ (CH3)3SiC-~COC6H5 + MgBrC1 (3) 

We note that upon ca r ry ing  out r eac t ion  (1) in hexane only insignificant suppress ion  of metaI la t ion due to an 
i nc r e a se  in gields of addition products  (II) and (III) is observed.  An analogous, but more  expres sed ,  sol-  
vent effect  was observed  in the r eac t ion  of (C2Hs)aGeLi with phenylacetylene [3]. It was shown on the exam-  
ple of te t rametI-yle thylenediamine that (C~Hs)3GeLi gives s table complexes  with Lewis bases ,  which in- 
c r e a se s  the nucleophil ici ty of the (C2H5)3Ge anion and the metal lat ing abili ty of the germyl l i th ium com-  
pounds [610 Phenoxyacetylene like other e the r s ,  can fo rm complex compounds with t r ie thylgermylI i th ium,  
as a r e su l t  of which subst i tut ion of THF by hexane does not d e c r e a s e  s trongly its metalling effect .  

To  conf i rm the s t ruc tu re  of adducts (II) and (iII) we c a r r i e d  out addition of t r i e thy lge rmanium to 
phenoxyacetylene in the p resence  of Spaier  cata lyst .  This r eac t ion  does not have reg io -  and s t e rospec i f i e -  
i ty, which can be judged f rom format ion  of adducts (II), eis-(iII),  and trans-(III) ,  separa ted  by p repara t ive  
GLC. Thie re la t ive  content in the r eac t ion  mixture  is equal to  10, 45, and 45%, respec t ive ly .  I somers  
were  identified by the PMB method f rom sp in- -  spin coupling constants of the olefinic protons [7]. 
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E X P E R I M E N T A L  M E T H O D  

React ions  with t r i e thy lge rmyl l i t h ium were  ca r r i ed  out in evacuated ampoules  by the method of [8]. 
P r e p a r a t i v e  sepa ra t ion  of mix tu res  was c a r r i e d  out on a Chrom-3  chromatograph .  The de tec to r  was a 
k a t h a r o m e t e r ;  column (280 • 1 ram) of s teel ;  the adsorben t  was Carbowax 20M on Chromaton,  the column 
t e m p e r a t u r e  was 170 ~ , and the c a r r i e r  gas  was hel ium.  

Reac t ion  of T r i e thy lge rmy l l i t h ium with Phenoxyacetylene.  A solution of (C2H5)3GeLi, obtained f r o m  
15.14 g of bis ( t r i e thy lge rmyl )mercu ry ,  4 g of l i thium, and 20 ml of THF by the method of [5], was added to  
6.71 g of phenoxyacetylene .  The mix tu re  was heated at 60 ~ for  6 h, then at  ~20 ~ and hydrolyzed with de-  
ga s sed  wa te r  (5 ml).  The organic  l ayer  was ex t rac ted  with e ther  and the ex t rac t  was dr ied  over  Na2SO 4. 
Frac t iona t ion  yielded 2.19 g (23.4%) of t r i e t hy lge rmane ,  3.34 g (49.3%) of phenoxyacetyIene with bp 64 ~ 
(40 mm);  nD 2~ 1.5164, and 2.35 g of a f rac t ion  with bp 89.5-90 ~ (1 ram). P r e p a r a t i v e  GLC of the f rac t ion  
yielded:  hexae thy ld igermane  (relat ive content 76.8%), nD 2~ 1.4970. Found: C 45.51; H 9.45; Ge 43.16%. 
Cl2H30Ge 2. Calculated:  C 45.10; H 9.45; Ge 45.43%; adduct (II), nD 2~ 1.5060. Found: C 60.38; H 7.94; 
Ge 26.36%. C14H22GeO. Calculated:  C 60.29; H 7.94; Ge 26.03%. PMR s p e c t r u m  (5, ppm):  6.77 m 
(C~Hs); 4.70 d; 4.39 d (CH2, 2j = 1.6 Hz); 1.07 m [(C2Hs)3Ge]; c i s -adduc t  (III); nD 2~ 1.5170. Found: C 
59.92; H 7.86; Ge 26.03%. C14H22GeO, Calculated:  C 60.29; H7 .94 ;  Ge 26.03%. IR s p e c t r u m  (u, cm-1):  
1620 (C=C).  PMR s p e c t r u m  (5, ppm):  6.77 m (C~Hs); 7.15 d (=CH--  O); 4.76 d (=CHGe, 3j = 7.0 Hz); 
1.07 m[(C2Hs)3Ge ]. 

In a parallel experiment excess trimethylehlorosilane was added to the reaction mixture instead of 
water. The mixture was left overnight. Fractional distillation separated a fraction with bp 80-83 ~ (3 
ram). Yield was 52.6%)~ According to data of preparative GLC the fraction contained 96% compound (IV), 
nD 2~ 1.4978, d42~ 0.9360. IR spectrum (~, cm-i): 2190 (C-C). PMR spectrum (5, ppm): 7.35 m (C6H5), 
0.12 s (Me3S!). 

Trimethylsilyl(phenoxy)acetylene (IV). To a solution of C6H5OC-- CMgBr obtained by treatment of 
5.9 g of phenoxyacetylene with an equimolar amount of C2HsMgBr in 50 ml of ether was added 5.5 g of tri- 
methylchlorosilane. The mixture was heated for 30 rain at 40 ~ The ether solution was filtered from the 
precipitate. Distillation of the filtrate separated 5.8 g (50.8%) of compound (IV), bp 63 ~ (0.5 mm), nD 2~ 
1.4980, d42~ 0.9333. Found: C 69.01; H 7.63; Si 14.63%. CIIHI4OSi. Calculated: C 69.14; H 7.41; Si 
14.75%. IR spectrum (~, cm-l): 2190 (C=C). PMR spe~rum (5, ppm): 7.35 m (C6H5), 0.12 s (Me3Si). 

Hydrogermylation of Phenoxyacetylene. A mixture of 3.54 g of phenoxyacetylene, 4.83 g of triethyl- 
germane, and 0.01 ml of an isopropanol solution of H2PtCI ~ was heated for 2 h at 80 ~ Distillation yielded 
6.3 g of a fraction with bp 108-148 ~ (3 ram), separation of which by GLC yielded adduct (If) with nD 2~ 1.5060 
and cis-adduct (III) with nD 2~ 1.5171. Their structure was confirmed by IR and PMR spectral data, agree- 
ing with those presented above. In addition, trans-adduct (Ill) was isolated with nD 2~ 1.5170. Found: C 
59.90; H 7.93; Ge 26.28%. CI4H22GeO. Calculated: C 60.29; H 7.94; Ge 26.03%. IR spectrum (~, cm-l): 
1630 (C=C). PMR spectrum (5, ppm): 7.04 (C6H5); 6.35 d (=CH-- O), 5.05 d (=CHGe, 3j = 14.0 Hz); 1.07 
m [(C2Hs)3Ge]. 

C ONC LUSI ONS 

I. The metallation process dominates in reaction of (C2Hs)3GeLi with phenoxyacetylene, leading to 
C6H~OC-- CLi. Addition at the acetylene bond proceeds nonregiospecifically with formation of ~- and cis- 

,3-adducts. 

2. Addition of (C2Hs)3GeH to phenoxyacetylene under the effect  of Spaier  ca ta lys t  leads to a mixture  
of ~ - ,  c is- .J - ,  and t r a n s - ~ - a d d u c t s .  

L I T E R A T U R E  C I T E D  

1. N . S .  Vyazankin, G. A. Razuvaev,  and O. A. Kruglaya,  Organometa l .  React ions ,  5, 101 (1975). 
2. J . M .  Mallan and R. L. Bebb, Chem. Rev. ,  69, 693 (1969). 
3. E . N .  Cladyshev,  N. S. Vyazankin, E. A. Fedorova ,  L. O. Yuntila, and G. A. Razuvaev,  J .  

Organometa l .  Chem.,  64, 307 (1974). 
4. E . J .  Bulten and J .  G. Noltes, J .  Organometal .  Chem.,  29, 397 (1971). 
5. N . S .  Vyazankin, G. A. Razuvaev,  E. N. Gladyshev,  and S. P. Korneva,  J .  Organometal .  Chem.,  

7, 353 (1967). 

670 



6. 

7. 
8. 

O. A, Kruglaya, D. A. Bravo-Zhivotovskii,  N. S. Vyazankin, and I. M. Korotaeva, Izv. Akad. 
Nauk SSSR. Ser. Khim., 1462 (1975). 
W. BrfigeI, T.  Ankel, and F. Kriickeberg, Z. Electrochem., 64, 1121 (1960). 
N. S, Vyazankin, G. A. Razuvaev, O. A. Kruglaya. and G. S. Semchikova, J. Organometal. Chem., 
6, 474 (1966). 

671 


