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Absbucf: CuBr-LiOCHa in methanol etl’iciently promotes the reductive coupling of methyl a-brome 
a-chlorecarboxylates to dimethyl a.a’-dichlor+mtc&ates. 

The reductive coupling of up-dihalo acid esters’ is very little investigated, as far as we know, only few 

examples of preparation of fumaric and maleic ester derivatives, using G(U)-DMSd or CH3MgBr-Cul” are 
reported. 

Recgltly, on studying the reactivity of a-cblorea-bromo and a,a-dic&ro acid esters, which can be prepared 
easily and with high yields,‘> we observed that CuElr-LiOCH3 in methanol promotes unexpectedly a reductive 

coupling of methyl a-bromo-a-chlorocarbo~lates to dime&y1 a,u’-dicfiloro-succinate derivatives. Alkoxocopper(I) 

has been previously used for alkoxydehslogenation of aromatiqb vinyl@ wd alkyl” halides, and copper(f) 
complexes for Wurtz-type cnndensation of halomethyl benznes.bbc 

Ctir alone is not able to transform methyl a-br omo-a-cbiorocarboq&ttes in methanol; in tbe presence of 

LiOCHs, however, a clean and fast coupling occurs through the selective abstraction of bromine atoms (Table I). ti 
adding the pale green CuBr salt to the methylate solution a yellow-green precipitate is formed, which changes to blue 
af&er substrate addition, since cuprous ions are oxidized to cupric ones. Althou& Cu(0) cm be produced from 
C~OCHS,~ hardly it works in this case since its formation needs longer reaction times and higher temperatureqb 

ftiemore no coupling is obtained on replacing CuBr by G(O). The relatively -or reducing power of &(I) ions 
in the presence of the me&oxide limd is rationalized in terms of the ‘Wed/lUed”destabili&g interaction between 

an oxygen lone pair and a copper occupied dm orbital.’ 
The best results have been obtained with stoichiometric amounts of CuBr and 3 equivalents of lithium 

methylate at room temperature. Starting from a number of methyl a-bmmo-a-ddorocarboxylatee homocoupled 

products are prepared in excdmt yields (Table 2). a,a-Ditioro acid esters are less reactive and give the 

corresponding a-chloroesters as the main products. The reductive coupling must be carried out in a flask open to air, 

since under NZ methyl a-bromou-&lombexae is mainly trcnsfbrmed into a-bmmo-a-chlorobextanamide 
(60%).9 

Nu&q~hilic substitution of ZUI intermediate enolate on methyl a-b romo-a-chlorocarboxylates is rejects since 

no coupling is obtained when methyl a-chlorohscaaoate (0.5 mmoi) and methyl a-bromo-u-chlorobexamate (0.5 

mmol) are treated at room temperature with CuBrz (1 mmol) aad LiOCHs (3 mmol) in methanol (3 ml). lo The 
addition ofhydrogm donors (9 mm01 / mmol of substrate), like cycloh~e or cumae, to the r&on does not 
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TABLE 1. Reaction of methyl a-b-a-ddomhexa with CuBr-LiOCHJ” 
Item CUBr LiOCH, CHsOH time cawersion coupling product 

(mmol) (mmol) (A) (h) (W (%) 
1) 1 0 3 20 3 0 
2) 1 2 2 20 87 74 

3) I 3 4 4 100 81 
4) I 3 6 18 100 73 

5) 9 3 4 20 95 69 
6) lb) 3 3 4 63 22 
7) OS=) 3 4 12 64 17 

a) substrsts = I mmol; b) CuCI; c) Cu(0) 

TABLE 2 : Homocoupling ofa,a-dihslo acid esterswith CuBr-LioC& 

Ently Substrate Product Time 
09 

Yield’) Diastereomers 
w ratio (dl/ mesoJb) 

I 4 81(83) I:1 

nX,H, COOCH, 

2 
C Y Cl 

COOCH, 

3 k 
Cl Br 

4 

Ph COOCH, 

x Cl Br 

5 

Cl’ -kOOCH, 

a) In prenthesis the yields for the ten times scaled up reactions are m b) determined by ‘H NMR, 
c)methylachlorohexanoate39%, unreactedeubst~23%,cccr_dichlorohucenamids22%; 

d)dimahyl~-dimethoxy-apl_diphenylsuccinateS%. 

increase the little amokmt of monodehalogenated ester, thus ruling out a free rsdicsl process. 

‘These experimental evidences, togerher with the aborted coupling observed on solid removal Tom the reaction 
before substrate addition, strongly accollnt for a process developing in heterogeneous phase at coppe~(IJ cmtm.” A 

tentative rstionslization’ of the results is outlined io Scheme 1. The radical lbrmed by bromine abstraction from 

methyl a-bromo-a-chloro ester”” rapidly reacts with a cuprous centre to f&m ZQ or~ocupric adduct, whirh tnps 

another radical to afford m unstable Cu(M) intermediste; a reductive eliminatia~‘~ of Cu(l) affords the coupling 

product. 
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COOCH3 

CwLCll(D) + 
COOCH3 COOCH3 

A 

Ii 

cl-&Cu(III)-C14 

A A 

Scheme 1 

EXPERJMENTAL PART 

lH NMR14 spectra were recorded m a Bndrer WP80 opeetmmater or a Brukex AMX 400WB. Mass spectra were 

obtained an a combined HP 5890 GC - HP 5989A MS Engine. Rw and solv~ts were standard grade 

commercial products and used without fhther purifhth. Methyl a,a-diludocarbo@ates were prepared md@ 

to kllovnl proc+adures.‘~ 

Gemi pronaUr for ~/IS r&h txwphg. Eo a necked rotmd bottom flask ,( 10 ml), tiOCH3 (3 mmol) is 

pwpared by cautious ad&m of LiH (3 mmol) to CH30H (34 ml). Whm sparUing stops. the a,a- 

dihaharboxylate ester (1 mmdl) and then CuBr (1 mmol) are added &t mom tempershue to the vigorously stirred 

mixture. The r&m is monitored by GC; whem the substrate disnppears, the mixture is diluted with 5% HCl(7 ml) 

and ex&actal with CH2Clz (2 x 2 ml). The organic phasea are oollected, dried over I’&$04 and evqxxated. Since 

by-products are mare v&tile thm dim&y1 a,akti&loro-a,a’-dialkyl-suchate, they are removed on distihtian 

under vacuum (0.01 mmHg). 

Special case.- With methyl 2-Br-2-Cl-3-mebrylbutzmoate, 1.1 mm01 of CuBr are required for a complete conversion. 

dimethyi ~a’-dichloroa,u’-dibutylaucrinlte 

‘H NMR (8, CDQ): d,I and meso-fbnns, 0.90 (6H, t, 2 x CH&); 1.00-2.60 (lZH, m, 2 x C-(CH,)ACl); 3.78 ( 

6H, s, 2 x -COOCH3). IR (heat): 1740 and 1770 (C=O) cm-‘. MS (EI, 70 eV) m/z: 291(9%) w*- Cl]; 259 (100%) 

[M*- Cl - CH30H]; 163 (54%) w+fij. 

Fotmd: C, 51.5; H. 7.3%. CI~HU Cl201 requires C, 51.38; H, 7.39%. 

dimethyl ~‘-dichlor~‘_diisopropylauecinrrtt 

‘H NMR (CDCl3): d.l-/ onn, 0.834 (6H, d, J= 6.5 Hz, 2 x -CH& 1.157 (6H, d, J- 6.5 Hz, 2 x -CH,); 2.416 (2H, 

ept, 2 x -CX(CH3)& 3.714 (6H, s, 2 x -COOCH~). Meso--rm, 0.827 (6H, d, J= 6.5,Hz, 2 x -CH& 1.186 (6H, d, 

J= 6.5 Hz, 2 X -CH,), 2.946 (2H, ept, 2 x -CH(CH&); 3.694 (6H. s, 2 x -COOCH3). LR (neat): 1730 and 1750 

(C=O) cm-‘. MS (EI, 70 eV) m/z: 188 (100%) [M’- Cl - CH30H - C&I,]; 149 (43%) w+/2]. 

Found: C,48.l;H,6.6%. C,&l~Cl~O~requir~C,48.17;H,6.74%. 

dimethyl a,u’-dichlorwr~‘-di~~l~uceiarte 

‘H NMR (CDCl& @-fom, 3.402 (2H, d, 2 x -C&HI); 3.636 (6H. s, 2 x -COOCH& 3.963 (2H, d, 2 x -C&ph); 
7.101-7.422 (1OH. m, 2 x -C&). Meso-jhn, 3.553 (6H, s. 2 x -COOCH3); 3.784 (2H. d, 2 x -C&ph); 3.844 

(2H, d, 2 x -CH-ph); 7.101-7.422 (lOH, III, 2 x -C&). IR (nqat): 1730 and 1770 (C=O) cm-‘. MS (El, 70 eV) mk 

327 (8%) [M+- Cl - CH3OHj; 197 (7%) w+/2]; 91 (100%) [Ph-CHz+]. 



Found: C, 60.8; H, 5.2%. C&2o Cl204 requires C, 60.77; H. 5.10 

dimethyl ap’-dichlor~‘-dipbsnrlauceinrtc 
‘H NMR (CDClr): 4f-firm, 3.88 (6H, s, 2 x -CODCHs); 6.95-7.55 (lOH, m, 2 x C&S). Mcro-fonn. 3.84 (6H, s, 2 

x -CGGCH,); 6.95-7.55 (lOH, m, 2 x C&I,). IR (neat): 1740 (C-O) cm“. MS (EI, 70 eV) m/z: 331 (2%) [M’- Cl]; 

183 ( 100%) pr+/21. 

Found: C, 58.7; H, 4.3%. C,&l,s Cl@., requires C, 58.87; H, 4.39%. 
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