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SYNTHESIS AND REACTIVITY OF GEM-DIMETALLIC ORGANIC COMPOUNDS. PART 1. 
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Sununany - A nunben o+! pm-dimeta,Uic compounds 4a-i have been pewed bg canbometaUetion 

of an &en.& ongonomekUic denivokive of 139, Li on Al by an aU&ic ginc bnomide. The 

I-mapuia-I-+caa&enu 4a-b neact 4moothLg with vanioun &e&da in fhe puence o,f 

BF,.CEt2 to @uu2h I&)-7,5-dienu in high yi& and high borne/tic ,ow@. 

Gem-dimetallic organic compounds of type 1 are of theoretical, 

Rf.. 

r< 

Met’ structural and synthetic interest. The diboraalkanes’, the 1 ,l-dialu- 

R’ 
minaalkanes2 as well as 

Met2 
some 1 ,I-dimagnesia3-, 1 ,l-dizincal-, 

1 ,1-dilithia5- and 1 ,I-dipotassia6- alkanes are known, but only a few 
l-6 

1 
synthetic applications of these reagents have been reported . In 

- 
1971, M. Gaudemar7 reported the addition of ally1 zinc bromide on 

propenyl-, iso-propenyl-, pentenyl-, I-;tropylvinyl- Grignard reagents which led to 

I-magnesia-I-zincaalkenes with yields of 24%, 26%, 58% and 36% respectively. This 

interesting approach to gem-dimetallic reagents has never been emphasized since then, and 

we decided to test its scope and limitations. We have found that a wide range of l,l-dime- 

tallic compounds are available in high yields by carbometallation of alkenyl 

organometallics of magnesium, lithium and aluminium by allylic zinc bromides using similar 

reaction conditions as M. Gaudemar’. The addition of a 1.5M THF solution of an allylic 

zinc bromide8 2 to a D.5M THF solution of diverse alkenyl-magnesium bromides9 1 gives, 

after 0.75-3hr stirring at 35O, the gem-dimetallic species lo 4 in good yield (58-93%) ; 

see scheme 1 and table 1. An alkenyllithium like 3e reacts also well, but in this case the - 
reaction has to be carried out at So due to the lower stability of the l-lithia-l-zinca- 

alkene 4h which decomposes slowly at room temperature (see entry 8 of table 1). Prelimi- - 
nary studies 

11 
show that an alkenylaluminium compound is also able to add an allylic zinc 

bromide in fair yield (see entry 91. Treatment of the dimetallic compounds 4a and 4h with - - 
D30f/D20 gives the corresponding l,l-dideuterated alkenes (100% deuterationl. 
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3a-f 2. 4a-i 

Table 1 - Addition of the allylic zinc bromides Za-c to the vinylic organometallic 

compounds 3a-3f in THF leading to the l,l-dimetallic reagents 4a-4i 

lallyllcl 1 lalkenylmetallicl 
lEntry zinc I R'l R* I 

al 
compound 1 MXn i R3 1 R4 i R5 IProduct Reaction IYield 

I lbromidel I I I time (h) I (%I I 

IlI*a IHIHI 2 
121% IMelHI g 

13 l*c IHIMeI & 
141; IHIHI 3b 
I 5 I *c 
161: 

IHIMeI 3b 
(HIHI 3c 

17); IHlHI 2 

\Bl& [HIHI 3e 

\9jG lH(H( f - 

IMgBr I H IC6H13j H I * I 0.75 I 93 I 

IMgBr I H IC6H131 H I &I I 0.75 / 92 / 

IMgBr I H IC6H131 H I c I 2.5 I ~32~ I 
IMgBr I H I H I SiEt31 4cJ I 1.75 1 90 I 

IMgBr I I-I I H I SiEt31 4e 1 3 I B3 I 
(MgBr 1 Ph ( H ( H ( G 1 1 l5B I 

IMgBr 1 Me I Me I H I < I 2 169'1 

1Li I H IC6H131 H I J) I 15 d 190 I 

\A1Et21C6H13( H 1 H 1 i ( 1 e 171 I 

I(a) 

I 

i(b) 

I 

I (cl 

I 

I 

I(d) 

I(e) 

the yields are those of isolated alkenes obtained after hydrolysis of the dimetallicl 

species 4. All reactions were performed on a IO-20mmol scale. I 
this compound is a 7:3 mixture of two diastereoisomers ; the starting alkenyl I 

Grignard reagent used was a 9:l mixture of Z,E isomers. I 

in this case 3 was quenched with Me3SnC1. The yield indicated is that of the flash-) 

chromatographically purified 2,2-dimethyl-5-pentenyl-trimethylstannane (compare with1 

the following publication). I 
this reaction has to be performed at 5O. I 

In this case 1.75eq. of ally1 zinc bromide is used. I 
I I t 

The alkenyl magnesium reagent can be substituted in various positions (see entry l-7 of 

table I). If the vinylic magnesium bromide 3 is B,B'disubstituted CR3 and R4 are different - 

from H), then the addition reaction is less efficient (see entry 7). Addition of l-trime- 

thylsilylvinyl magnesium bromide leads to the "trimetallic species" 4d and 4e which have a -- 

carbon bearing formally three different metals (Zn, Mg, Si) ; see entries 4 and 5. We 

suppose that the carbometallation proceeds first by the formation of the mixed allyl- 

vinyl- zinc compound 5 (see scheme I) which then undergoes a (3,3) sigmatropic rearrange- - 

ment (a process which can be called a "metalla-Claisen" reaction) leading to the l,l-bime- 

tallic species 4 10 . This reaction occurs under milder conditions than the carbometallation 
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of alkenes12'13 with allylic organometallic compounds (M=ZnR,MgX) which would give the 

same products after hydrolysis. 

We find now that the I- magnesia -I-zincaalkenes 4 react with a number of organic 

substratesI leading to useful transformations. Addition of l.lequiv. of BF3.0Et2 
15 

to a 

cooled solution (-90°) of the bimetallic species 4a or 4b (20.2M in THF), followed by the -- 

addition of l.lequiv. of an aldehyde, warming up of the reaction mixture to -50° in 15min. 

and stirring the resultant solution 45min. at -50° to -60° furnishes after hydrolysis the 

1,5-dienes 6a-6h in good yields and good stereoisomeric purity (E/Z ratio generally over -- 

90/10) ; see scheme 2 and table 2. 

Scheme 2 R' 

\ 

4 

ZnBr 
C6H13 

MgBr 

4a : R'=H - 

4b : R'=Ht? - 

0 

A 

BF3.0Et2(leq.) 

f-900 to -500) 
+ 

H R2 

6a - @ - 

Table 2 : Synthesis of the 1,5-dienes ba-9 and - of the 1,5,7-triene 6h through the - 

addition of the I-magnesia-I-zincaalkenes 4a and 4b to aldehydes in the presence -- 

of BF3.0Et2 

I 1 Dimetallic 1 R,CHO 1 Product 1 R 
1 

l R2 I b.p. I IYield 
L 

IEntry I reagent I I I I I(% tort-1 

If I 4a I PhCHO 

121 G I 

I &? I HI 

EtCHO 

131 4, I 

I @ I HI 

PentCHO 

141 G I 

I & I HI 

isPrCH0 

151 4b I 

I g I HI 

isPrCH0 

161 4, 

I & I Mel 

I (CH3)2C~~~2~~~ I sf I H I 

171 4, I 

181 4, 

tertBuCH0 I 6c~ I HI 

- 1 Ph-CH=CH-CHO ) $IJ I HI 

Ph ~102°/0.05 

Et 1105~/13 

Pent I 860/0.1 

isPr I 56O/O.l 

isPr I 64’/0.1 

tert8u I 53O/O.l 

Ph-CH=CH- I - 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

E:Zb 

99:1 

95:5 

9416 

99:1 

98~2 

88:12 

99:7 

92~8 

(%Ial 

-I 

78 I 

61 I 

75 I 

75 I 

79 I 

85 I 

49= I 

58 I 

(a) the yields given are those of distillated or chromatographically purified materials. 

All spectroscopic data (I.R., ‘H-NMR and I3 C-NMR) are compatible with the structures 

indicated. 

(b) the E:Z ratio is determined by 13C-NMR. 

(c) the reaction mixture is warmed up to -20“ after addition of BF3.0Et2 and pivalic 

aldehyde 

The reactipn shows a good chemioselectivity since ketones like 3-pentanone or ethyl 

levulinate do not react ; a sterically hindered aldehyde like pivalic aldehyde (see entry 
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7 of table 2) does not react at low temperature and the reaction mixture has to be warmed 

up to -200. On the contrary, aromatic aldehydes are very reactive since benzaldehyde is 

the only aldehyde that reacts with 4a in the absence of BF3.0Et2 (although the yield and - 

the stereoselectivity are lower : 47% ; E:Z ratio (92:8). (El-Cinnamaldehyde reacts with 

4a smoothly and leads to the (E,E)-1,5,7 triene 6h in fair yield and with a 92:B isomeric - - 

purity of the newly formed double bond (see entry B of table 2). 

We continue actively our study on the synthesis and on the reactivity of these 

l,l-dimetallic organic compounds. Its extension to hetero substituted vinylic and allylic 

partners is also examined. 

We .thank &&me fionigue Baud/ry fo4 2he +nthu~ 0; vtiou4 4fating meteni&, .the 

VieiAe Monkape Company [on a 9ene~ou4 g.i,C.i of @LC of high pwity and .the C.N.W.S. FOIL 

/Tinancial 4uppxt (U.A. 4731. 
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?.7 3 
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Ion conditl .$ ns. 
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3 

A number-of other Lewis- acids has been tested : TiCl TiCl (OisPr) Cp TiCl , 
B(OMe) BBu 
in the3Lynth a 

SnCl .THF ; none of these shows the activ ty of 
kis of41,5 dienes. 

. 4’ hF3.0Et22\s p?omot$r 
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