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Summary: Various open-chain and cyclic p-cyan0 zinc and copper organometallics can be prepared by the reaction of the 
corresponding organic halides with zinc and subsequent tmnsmetalation with CuCN - 2 LiCl. They react in fair to good yields 
with various organic electrophiles (enones, allylic bromides and benxoyl chloride) affording highly functional&d nitriles. 
High diastereoselectivities have been observed in coupling reactions with the cyclic Zcyano organocopper derivatives. The 
x-ray smtchtre of cyanc&ylzinc iodide is also reported. 

The copper orgauometallics RCu(CN)ZnI, prepared from the corresponding organozinc compounds RZnI by addition of 

the soluble copper salt CuCN .2 LiCl, are versatile reagents which display a good reactivity toward various electrophiles such 

as enones, acid chlorides, allylic halides, l-haloalkynes and acetylenic esters. 1 The preparation of highly fmctionalized 
reagents RCu(CN)ZnI is of special interest and we have previously reported the first synthesis of the 2-cyan0 organozinc and 

copper reagents la and lb.2 We have now found that more substituted compounds of this type such as 2,3,4, !I, and 6 (MLn 

= ZnX or Cu(CN)ZnX) can be readily prepared and that they can act as efficient d3 reagents.3 The zinc organometallics Za-6a 

were obtained from the conesponding icdides or chloride4 (for 6a) and zinc (cut foil or dust) in THF (or in THF 

MLn 

R 

la: R=H;MLn=ZnI 3a: R=H: n=l;MLn=ZnI 6a: MLn=ZncI 
lb: R=H,ML~=c~(cN)z~I 3b: R=H; n=l;MLn=Cu(CN)Z& 
2a: R=R,MLn=ZnI 4a: R=t-Bu;n=l;MLn=Zd 

6b: MLn = Cu(cN)ZntX 

2b: R=Pr;MLn=Cu(CN)ZnI 4b: R=t-Bu;n=l;MLn=O.@N$M 
Sa: R=H; n=O:hfLn=m 
Sb: R=H: n=O;hih=cu(~~)~n~ 

DMSO (9:l) in the case of 6a)S at temperatures between 5’ C and 30’ C. After 3-5 h, the reaction was complete as judged by 

GLC analysis of hydrolyzed aliquots (80-90% yield).6 Remarkably, these organozincs show no s@iftc~t teacy to 

eliminate X-Zn-CN. For example, the preparation of 6a, which requires a temperature of 30° C and a relatively polar solvent 

m/DMSO), gives less than 6-8% of styrene as elimination product. The reagents 2b-6b, obtai& by the addition of CuCN. 

2LiU(leq.,~C,Smin.)~2s~,reactinfairtoexcellentyieldswithben~ylchloride(~C.2h;~TaMeIentriesland 

1 l), 3-ic&cyclohexenone7 (-30° C, lo-20 h; see entries 2 and 13), enones (-78” C to 25” C, overnight; see entries 3-57 and 

9) and allylic bromides (O” C, 2 h; see entries 6,8,10, and 12). Compared to other functionalixed RCu(CN)ZnI reagents, these 

2cyatto substituted crg~ometallics show a somewhat lower reactivity and do not react efficiently with 1-haloalkynes, 

&ro-olefines or acetylenic estersld High diastereoselectivities were observed in the reaction of the cyclic copper compounds 

3b, 4b, and Sb with electrophiles (see Table I and Scheme l), especially with 3-iodocyclohexenone which affords ahnost 

exclusively the RJRI~ cyanoenones 6 (d.r. (dlastereoisomeric ratio) ~94:6; 70% yield, 3Jtrans = 11.7 Hz), 7 (dr. > 99: 1; 

53% yield), and 8 (d.r. > 99:l; 80% yield).8 F3enxoyl chloride and allylic bromides give less selective reactions leading 

&enemRyto1:4cis-transntios(aeeTabkIutdScheme1). Haweva,thet-tWylsubstitutaicqcrcirg~4buddre 
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9: R=H, II= 1 dr.: 8020 (89%) 3b: R=H; n=l 6: R=II; n= 1 d.r.: >94:6 (70%) 
lo: R = t-Bu; n= 1 dr.: > 99:l (67%) 4b: R-t-Bu;n=l 7: R = t-Bu; n = 1 dr.: > 991 (53%) 
11: R=II; n=O dr.: > 99:l (68%) sb: R=H: n=O & R=H; n=O dr.: >99:1 (8040) 

2-cyano-cyclopentyl copper derivative Sb furnish with benxoyl chloride only the tram+substituted products 10 (67%) and 11 

(68%) respectively. The stereochemistry of these coupling products does not depend on the stereochemistry of the starting 

iodides. We observed that pure cis-1-cyano2-iodocyclohexane rapidly isomcrizes to a 6040 ratio of trans:cis isomers during 

the formation of the zinc reagent 3a. The iodolysis of 3a (12 (1.2 eq.), -78” C, 10 min.) affords a 88:12 ratio of trans- and 

cis-1-cyano-2-iodocyclohexane suggesting the same ratio for the zinc compound 3a. The higher d.r. observed in the reactions 

with benzoyi chloride or 3-iodocyclohexenone may be explained by the faster reaction of the trans-organocopper derivative with 

these electrophiles. 

In order to understand the stability of bcyano organometallics, 2-cyanoethylzinc iodide was crystallized in THF and its 

x-ray stmctum9 was detetmined. It was found that the zinc atom coordinates one molecule of THF and the cyan0 group of 

another molecule forming polymeric chains in the crystal (see Figure 1). Noteworthy is the ahnost perfect antiperiplansr 

arrangement between the C-ZnI bond and the C-CN bond and the relatively long bond length of C-CN (1.50 A compared to a 

usual value of 1.44 f 0.01 A), indicating the elimination tendancy of the cyano group. Further studies concerning the reactivity 

and the diastaeoselectivity of Bcyano organometallics ate currently umkrway in our laboratories. 

n 
c 

C 

C 

ZnCH2: 6 (1~) = 0.3lppm 

&13C) = 6.2 ppm 

N=C : 8(13C) = 119 ppm 

NC-CH2: 6 (1H) = 2.40 ppm 

Zi(l3C) = 15.6 ppm 

v(CN): 2242 cm-l 

Figure 1. ORTEP Representation of the Structure of 2-Cyanoethylzinc 

Iodide Determined by X-ray Analysis and Significant Analytical Data 
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Table I. Polyfunctional Nitriles Obtained by the Reaction of the Copper Reagents 2bdb with Enones, Allylic Bromides 
and an Acid Chloride. 

Entry Copper Reagent Electrophile Product Diaste~c Ratio Yield (%%)a 
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Table I. (cont’d) 

Entry Copper Reagent Blectrophile Product Diastcreomeric Ratio Yield (%)a 

12 6b 

13 6b g17Jfp - 
0 

82 

89 

a All indicated yields are isolated yields of analytically pure compounds. Satisfactory spectral data (IR, IH and 
13C-NMR, high resolutionmass spectra) were obtained for all compounds. 

b only twodiastereoisomeas are formed as indicated by the 13~NMR specta and by capillary GLC analysis. 
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4. 

5. 

6. 

7. 
8. 

9. 
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