
Tctrahedmn La&s, Vol. 35, No. 31. pp. 5637-5640. 1994 
Elsevier Science Ltd 

Printed in Cheat Britain 

oo40-4039194 $7.00+0.00 

owo-4o39(94)01098-6 

A New, Simple, Effkient Electrosynthesis of Functionalized Benzylic Zinc Species and 
Their Reactivity Toward Aromatic Aldehydes 

C. Gosmini, Y. Rdlin’, C. Cebeknne, R Lojou, V. Ratov&manurp 

and J. P&i&on 

C.N.R.S., UtbomWe dWmmchintii, Catalyse a Synthi% Orgmique 

2. nu? H. Dunant 9432oThiais (France) 

Abstract : Variotu stable substied benzyiic zincs are formed in acetonitrile upon reacfion qf rhe hmi& derivatives. 
in gomi yields . using a catalytic eleclrogenerated zinc species assmia&d with wtussive zinc. In lhe presence of 
chlorotrimethylsilane, these orgaiwziiws react instmm ly with fiuwiomlized omloticalde~s. 

Organozinc compounds are of great interest in organic synthesis since they undergo efficient and 

selective carbon-carbon bond formation. Furthermore, they can bear various functional groups. Thus, 

considerable effort has been devoted to their preparation l. Unfortunately, functionalized organozinc 

compounds are weakly reactive toward organic ekctrojMcs. Catalytic amounts of transition metals such as 

Pd2, Cu3 or Ni4 m needed to enhance &v&y via a trangnetalIatlon reactian. We have ncently sported a 

simple and mild method for zinc activation using an el~hemical proce&. Indeed, a catalytic amount of 

electigenerated zinc deposit readily induced activation of zinc metal towti allylic - haIides( X= Br or Cl ) 

and a-bromoesters. The subsapent organcmincs coupled with various electrophilic compounds67 

We explore in this paler tbe scope of this electxocbemical proccdme in the field of benzylic halides, 

and derivatives. The benzylic zincs formed are used in tbe cmss - coupling witb aromatic aldehydes . 

Experimental procedure : In a fast step, a catalytic amount of activated zinc ( Zn* - 0.5 - 1 mmol ) is 

deposited on a zinc plate catbode by elcctrorcduction of zinc bromide The anode is composed of a zinc rod, 

and the solvent is acetonitrlle. Electmlysis is canied out in an undivided cell under a constant current (0.1 - 

0.2 A) at morn temperature. When Zn deposition is achieved, the electrolysis is stopped. Keeping the metal 

into the solution, the bcnzyl bromide is then added ( 5 - 40 mmol ). Organozincs farmation is monitored by 

capillary GLC analysis of a hydrolyzed aliquot of the solution. In a second step, one equivalent of 

functionalized aldehyde is added to the solution. No coupling occurs but, in the presence of one equivalent of 

chlorotrimethylsilane, the corresponding alcohol is obtained instantaneously. 

Results and Discussion : In our Previous work devoted to allylic - halides and a-bmmoesterss the zinc 

derivative could not bc isolated. On the contrary, it is notcwcntby that bcnzylic zincs arc gmratcd in over 80 

% yield with 2 to 4 hours of reaction time. (A low additionnal reduction current allows a diminishing of this 

time). In most cases, the Wurtz coupling does not exceed 5 96 (Table I, entries 1 - 13 ). Sutprisingly, this side 

product rises to 10 - 20 % when the organozinc is substituted by a methyl substituent on ortho or para position 
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( ennies 14 -15 ). Another noticeable feature is that the benzylic zinc clectrochemically pmpared, exhibit a 

high stability in MeCN. Solutions can be stored for several days. at room temperature under argon atmosphere 

with no detectable damage of the organozinc. 

Despite this stability, the further addition of one equivalent of chlorotrimethylsilane yields an 

instantaneous coupling with aromatic aldehydes ( reaction I ). Actually, Mc3SiCl is known to activate the 

carbonyl function8. The resulting alcohols are obtained in good to excellent yields ( Table I )_ 

The direct oxidative addition of activated zinc metal to benzylic halides has been aheady described by 

Knochel9. However the author used THF as solvent and activated zinc metal at 5%. Recent papers deal with a 

new methodology using metal-halogen exchange between benzylic halides and diethylzinc in the presence of 

a catalytic aamunt of transition metals to. Knochel et altt showed that the conversion of these organozincs into 

their copper analogues leads to the enhancement of their reactivity. Comparatively, our electrochemical 

process appears to be milder and quite simple. 

Reaction I: 

1) Zn*.Zninetal 

X @ 

’ +hk,sia 
ClirBr -xe2-* 

3) H,O’ 

As a part of general studies on the scope and limitations of this process, the reactivity and 

compatibility of aromatic and heteroaromatic aldehydes ( entry 7 ) bearing a variety of electrophilic 

functionnal groups ( CN, Br. OCH3, CRR, SCH3 ) were examinated. In all cases, the sensitive groups 

remain intact sfter the reactlons,and cross I coupling is successful. 

When the benzylbromide is substituted by a methyl - group on ortho or para - position, the 

corresponding zinc derivative is obtained in good yield.To your disapointement, coupling of ortho benzyl 

bromide with ortho - methoxybenzaldehyde result in low yield ( 10 96 ) of desided product. No explanation 

has been yet found for this matter. 

It is interesting to notice that with E - cinnamaldehyde, the 1.2 - addition product is isolated with a 

good yield ( 70 96 ). 
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It has been recently reported that 2methoxybenzaldehyde was highly reactive toward diethylzinc, 

while the corresponding 4 - methoxy substituted compound was not reactive12 - Our experimental procedure 

allows alcohol formation in both cases (entries 3.10.12). However, when an equimoleculat mixture of A. B. 

C, is engaged in our workup (reaction II), D is isolated (80 %) while A is entirely recovered. 

Reaction II : 
( CH3LJSiCl 

4-CH3OPKHO + 2CH30PhCHO + “NCPhCH2Zn” -> 2-CH30PhCH(OH)-CH2CH2PhCN 

A=5mmol B=Smmol C =5mmol D-4mmol 

+ A 

Concerning the reaction of benzylic zinc with terephthalaldehyde, both the mono and the bis coupling 

product ( entry 6 ) are obtained @action III). Their proportions depend on the experimental conditions. 

Reaction III : 

PhCH2Br + 4-OHCPhCHO + (CH3)3SiCI ~PhCH2-CH(OH)-PhCHO + (PhCH2CH(OH))2Pb 

1 eq. 1% 1-l. 32% 10% 
2eq. 1 w. 2eq. 10% 60% 

The scope and the extension of this methodology will be published later. 

References and notes 

1. (a)Knochel,P.;Singer,R.D.Chcm.Rev. 1993.93, 2117-218~~1&xe~~ciral.(b)SibiIIe,S.; 
Ratovelomanana, V.; PQichon. J. J. Ghan. Sec. Chem. Cm. 
2. Ncgishi, E. ; Baghexi, V.; Chamec, S.; Luo. F.; Miller, J. A.; Stol< T.7’&z&&o~ Len. 1983,24, 
5181- 5184. 
3. Tamaru. Y.: Tanigawa, H.: Y 
353. 

amamoto. T.: Yoshida, 2 Angew. Chem. Int. Ed. Engl. 1989,28.351- 

4. Yanagisawa, A.: Nomura, N.: Hahaue, S.; Y amamoto, I-L Tetrahedron Len. 1989.30,640!2 - 6412 
5. Zylber, N.; Zylber, J.; Rollin. Y.; Dufiach, E.; P&i&on, J. J. Organometal. Chem. 1993.444, 1 - 4. 
6. Rollin, Y.; Gebehenne, C.; Derien, S.; Duiiach, E.: PQichon, J.J. Organometai. Chem. 1993,461, 9 - 

:?RoIlin Y * Derien S * Dtiach E * Gebehenne C * P&ichon J Tetrahedron 1993 49 7723 - 7732 
8. N&&t&, E.; Ao’ki,‘i.: Sekiyi, f.; Oshino. I& I?uwajima,i. >. Am. Chem. Soc.*l!& 109, 8056 ‘- 
8066. 
9. (a)Berk. S. C.; Yeh. M. C. P.: Jeong. N.; Knochel, P. Organomefalfics 1990.9.3053 - 3064 (b)Zhu. 
L.; Wehmeyer, R.M.; Rieke, R.DJ. Org. Chem. 1991.56, 1445 - 1453. 
10. a) Stadmuller, H.; Lentz, R.: Tucker, C. E.; Studemann, T.: Domer, W.; Knochel, P. J. Am. Chem. 
Sot. 1993,115,7027 - 7028 (b) Agrios, K.A.; Srebnik. M. JJ. Org. Chem. 1993.58, 6908 -6910. 
11. (a) Knochel, P.; Yeh, M. C. P.; Berk, S. C.: Talbert. JJ. Org. i&m. 1988.53 ,239O - 2392 . (b) Berk, 
S.C.:Knochel, P; Yeh, M. C. P. J. Org. Chem. l-,53.5789 - 5791. (c)Yeh, M. C. P.; Knochel, P.; 
ButleT,W. M.; Berk. S. C. Tetrahedron Lett. 1988,29,6693 -6696. 
12. Pun, D.; Mastantuono, A.; &cello-Batretta, 0.; Iuliano. A.; Salvadori. P. Terrahedron L&f. 1993.49, 
9613-9624. 

(Received in Frcmce 28 April 1994: accepted 8 June 1994) 


