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Abstracl: Treatment of RMgX (1 equiv. R = alkyl; X = Cl. Br) with ZnCI2 (1 equiv.) in a mixed solvent of THF 
and Et20 leads to a highly turbii white suspension. Addition of LiCl (l-2 equiv.) solubilizes the insoluble species to 
yield a colorless clear solution. Addition of a catalytic amount of a Cu(II)-salt followed by allylii halides (x mesylates 
at 0 oC - room temperatme yielded S@’ products in high yields. Application for the synthesis of (E)-alkene dipeptide 
isosteres is alsoreported. 

The growing importance of peptide mimetics in synthetic and medicinal chemistries has created a need for 
developing efficient synthetic routes to various isosteres. 1 Recently, we have shown that alkene dipeptide 

isosteres can be prepared in high yields by the reaction of y-mesyloxy-a$-enoates with typical organocopper 
reagents in the presence of boron txifluoride.~ However, both regio- and stereo-chemical control in the alkylation 
of allylic halides and sulfonates for the synthesis of alkene dipeptide isosteres still need considerable 
improvement and optimization. Herein we report that alkylzinc halides3 derived from Grignard reagents, zinc 
chloride, and lithium chloride4 act as good nucleophiles enabling S&?’ selective alkylation by the addition of a 
catalytic amount of cupric salts5 prior to their reaction with allylic substrates. 
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Table 1. Reaction of RZnCl, derived from RMgX and Zinc Chloride, zth Mesylate (1) 

Entry Reagent*’ LiCl Cu(acach Reaction Conditions Product Yieldyl 

1 MeZnCl.Mg(Br)Cl none none 0 oC, 1 h*3 2 < 0.5 % 
2 MeZnCl*Mg(Br)Cl 2 mol equiv. none OoC,lh 2 c 1.6% 
3 MeZnCl*Mg(Br)Cl none 10 mol % 0 oC, 1 h*3 2 <lO % 
4 MeZnCl+Mg(Br)Cl 2 mol equiv. 10 mol % 0 OC, 30 min 2 92 % 
5 PhCH$nCl.MgC12 2 mol equiv. 10 mol % 0 OC, 30 min 3 88 % 

*l Four equivalents of the reagents were used. f2 All yields are based upon the isolated pure materials. *3 A white suspension. 
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Organozinc halides can be prepared by the reaction of Grignard reagents with zinc halides.6 One of the 
advantages of using Grignard reagents for the preparation of RZnX is the ease of preparation of the Grignani 
reagents in comparison with organolithiums.7However, the dropwise addition of a THP or Et20 solution of 
RMgX (R = alkyl, X = Cl or Br, 1 equiv.) to a solution of ZnCl2 in Et&) resulted in a white suspension.* It 
turned out that the sequential addition of zinc chloride (1 equiv.) in Et20 and Grignard reagent(s) (1 equiv.) in 
either Et20 or II-F to a stirred suspension of LiCl (l-2 equiv.) in THP yields a colorless clear solution.4*7 

Initially, we attempted the allylic substitution of the mesylate 1 with MeZnCl prepared from MeMgBr and 
ZnCl2 at room temperature either in the absence or in the presence of LiCl. However, treatment of 1 with 
MeZnCl led to the nearly complete recovery of the starting material (Table 1. entries 1 and 2). In the absence of 
LiCl, the addition of a catalytic amount of Cu(acac)f to a suspension of MeZnCl prior to its reaction with 1 
appears to be effective in promoting the desired reaction. However. the reaction was very slow and did not 
proceed to completion (Table 1, entry 3). As shown by entries 4 and 5 in Table 1, both LiCl and Cu(acac)z are 
essential additives for the clean reaction. 

The addition of a catalytic amount of Cu(OTf)p to a solution of RZnClMgClpnLiCl also permits alkylation 
of allylic chloride. The exposure of geranyl chloride 4, neryl chloride 5, andp-methoxycinnamyl chloride 9 to 
reagents prepared from RZnClMgClZnLiCl and a catalytic amount of Cu(OTf,lz gave rise to a mixture of SN~ 
and SN2 products. As shown in Table 2, the regioselectivities moderately favored the SN2’ products over the 
SN2 ProduCtS. 
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Table 2. Reaction of RZnCl with Allylic Halides 4.5, and 9*1 

Entry Substrate Reagent* * woTf)2 Reaction Conditions sN2’ @J) sN2 (%I 
________________________________________________---____-___---_____________________________________________________________________ 

1 4 PhCH~nCl~MgCl~2LiCl 3 mol % TI-IP-Et20 (6: 1), 0 oC, 5 h 6 (71%) 7 (13 %) 
2 5 PhCH2ZnCl.MgCl2.2LiCl 3 mol % TI-IP-Et20 (7: 1), 0 oC, 7 h 6 (75 %) 8 (15 96) 
3 9 n-BuZnCl~MgCl~LiCl 5 mol % THFEt20 (5: 1), 0 oC, 7 h 10 (75 %) 11 (4 %) 

*t Three to four equivalents of the reagents were used. All yields are based upon the isolated pure materials. 
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The present method was extended to the synthesis of (E)-alkene dipeptide isosteres 13,15,17,I9,21,22, 
and 23. The addition of a catalytic amount of cupric salts such as CUBQ, Cu(OTf)2, and Cu(acach to a solution 
of RZnCbMgX2nLiCl (n = 1 or 2) enhances the reactivity and permits synthesis of the (,!I)-alkene dipeptide 
isosteres in high yields via an anti-SN2’ pathway from both (E)- and (Z)-y-mesyloxy-a$-unsaturated esters as 
shown in Table 3.9 

In addition, dimesylate 24 furnished only the methylation product 25 in 87 % yield by treatment with a 
reagent prepated from MeZnCl.MgCl~ZLiCl and 1 mol % of Cu(OTf)2. Clearly, only the y-mesyloxy group in 
24 is involved in the reaction. 

Table 3. Reaction of RZnCl derived from RMgX, ZnC12, and LiCl with Some Mesylates*t 

Entry Substrate Reagent Cupric Salt Product Yield9 
(diastereoselection) 

_________________________________________________________________-____________________________-_-________________________--__ 
1 12 MeZnCl.Mg(Br)Cl.LiCl 10 mol % Ct1(0Tf)~ 13 86 % (>99 : 1) 
2 12 MeZnCl.Mg(Br)Cl.2LiC 5 mol 8 CuBr, 13 94 % (>99 : 1) 

3 14 Iso-BuZnCI.MgC12e2LiC1 10 mol % Cu(acac):! 15 86 % (>99 : 1) 
4 16 MeZnCl~Mg(Br)C!l~2LiCl 10 mol % Cu(acac), 17 96 % (>99 : 1) 
5 18 PhCH2ZnC1.MgC12.2LiCI 5 mol % Cu(OTf), 19 75 96 (>99 : 1) 

6 20 MeZnCl*Mg(Br)Cl.2LiCl 3 mol % CuBr2 21 91% (>99 : 1) 
7 20 PhCH$nCl.MgClTLiCl 5 mol % Cu(OTf)2 2 2 96 8 (>99 : 1) 
8 20 @)-F-CgHqCH2ZnCl~MgCl~LiCl 5 mol 45 Cu(oTfh 2 3 91% (>99:1) 

* t All reactions were carried out in a mixed solvent of THF and El20 for 30 min- 1 h and duee to four equivalents of the 

reagents were used. *2 All yields ax based upon Ihe isolated pure materials. 

H-D-Phe-Gln-Trp-Ala-Val-Gly-His-Leu-~[CH2NH]Leu-NH2 26 

H-D-Phe-Gln-Trp-Ala-Val-Gly-His-Leu-W[(E)-CH=CH]Leu-NH2 27 

The synthesis of the analogue 27 of the bombesin receptor antagonist 26 10 was also carried out wherein the 
Leu-MCH2NH]Leu isosteric unit was replaced with the alkene isostere 15. Thus, the protected isostere 15 was 
converted to an amino acid hydrochloride by treatment with TFA followed by 1 N HCl. The hydrochloride salt 
was transformed to an N-Boc-amino acid, which was condensed on a methylbenzhydrylamine resin. Finally, the 
peptide amide 27 was prepared by Boc-based solid phase peptide synthesis followed by deprotection with 1 M 
TMSOTf-thioanisole in TFA.11 

It has recently been shown by Kuwajima and his co-workers that some copper(B) compounds are highly 
effective for the conjugate addition. 5 In the present allylic alkylations, although the exact oxidation state of the 
reactive copper species remains uncertain, the copper salts that have been added to a solution of RZnCl would 
be reduced to copper(I) species by alkylzinc halides. 12 It should be noted that while these reagents work well for 
substitutions, it is not applicable to the other main mode of reactions, i.e., conjugate additions. 
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