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Summary 

Arylatlon of BrZnCH, CO,CH,CH, by aromatic halides proceeds smoothly 
and m fan.- yield m a mLxture of dlmethoxymethane and a dlpolar aprotlc 
solvent (HMPA, NMR (N-methylpyrrohdone), DMF, DMSO) when catalysed by 
soluble nickel or palladmm complexes_ Tke reaction can also be applied to func- 
tional aromatic halides. 

Trznsltlon metals are now extensively used m synthetic reactions mvolvmg 
carbon-carbon bond formation [ 1,2,3] Very promlsmg and intensively 
studied are the reactions of a “mam group” organometalhc compound 
(Gngnard reagent [4,5], organohthlum reagent [ 51, organozmc denvatlve [6], 
etc.) with an aromatlc or a vmyhc halide 

We ourselves published some work on the reaction of Gngnard reagents 
catalysed by palladium compounds [7] and we now wish to report our results 
on the reaction of the Reformatsky reagent BrZnCH,COzEt with aromatic 
halides [S] This reaction is one of the few examples of arylatlon of an enolate- 
like reagent under conditions which are neither radlcalar nor benzymc [9,10] _ 

Hexamethylphosphoramlde (HMPA), a dlpolar aprotlc solvent, introduced to 
chemistry by H Normant [11] and which has been extensively used m organo- 
metalhc laboratones, has been a key solvent gvmg good yields m our reactions 

Vmylation of the Reformatsky reagent can also be performed under snmlar 
conditions Extensive results on vmylatlon WIU be published elsewhere. 

Arylatlon and vinylation of BrZnCH,CO,Et 

Arylatlon and vmylation of BrZnCHzCOzEt prepared m metnylal (dnnethoxy- 
methane) can be performed with simple aromatic and vmylic hahdes m the pres- 

* Dedmated to Prof H Normant on the occasion of his 72nd birthday June 25th 1979 

** Part of thesis of Doctorat d’Etat 
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_IRYLATION REACTIOYS OF Br/,nCH7_CO-rEt 
____ ~_ -__ - -___ __ _ 

RLUI Ar\ ~rC.II~CO~Et (5) 

1 C” H, I 85” 

2 C,,&Br c>-i h 

3 c,, Hj CI 65 b 

4 C.HSCI 59 c 

5 C,,Hj F 0 

_~__ -_. - ---- 

Rccorereti xi--x (5) 

13 

1.I 

L? 

28 

100 

a 1 hour at -Ei°C ’ 3 hours ar -15OC c 15 hours at 30% 

ence of a transitron metal catalyst (preferably Nr(PPh,)_) and HMPA as co- 
solvent (Table 1) 

ArX + BrZnCHzCOLEt N’“G’Ph3L lono 2- &-CH2COIEt + ZnBrX 
HMP 4/hIeth> la1 l/l 

We were unable to perform the reaction with aomatlc fluorides, but mespen- 
sive chlorndes can be made to react with BrZnCH&02Et without dlfflculty, 
although longer times are necessary as compared with bromides or iodrdes 

Such a procedure can compete efficiently with other methods of synthewzmg 
arylacetrc derivatives (vegetal hormones and anti-mflamatorres [ 12,13,14]) 

Vmylatron can be readily performed, catalysed by Ni(PPh,)_, OL Pd(PPh,), 
With Pcl(PPh,),, the yreld of the reaction is 5470, grvmg CHI =CHCHICOIEt 
(63%) which is partly rsomerrzed to ethyl crotonate CH,CH=CHCOzEt (CLS 12% + 
frans 25%). As in the case of vmylation of alkynylzinc derivatives [6a], palladl- 
urn appears to be a better catalyst than mckel 

Choice of the co-solvent 

HMPA is necessary to achieve the catalytic coupling of the Reformatsky 
reagent with aromatic halides. Nickel complexes, otherwise msoluble m our reac- 
tions, are solubllised by HMPA and the reaction occurs under homogeneous con- 
ditions As some people think HMPA is carcmogenrc * , we use other drpolar 
aprotic solvents (dimethyl sulfoxide, dimethyl formamide, N-methylpyrrohdone) 

* In the condtlons of the evpenments dercnbed m ref 15, HMPA IS devoid of acute tovlclty and 
the observed carcmogemty can probably be related not to HMPA itself but to products resultmg 
from the Prolonged actlon of moist LIP 
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T-IBLE 2 

RESULTS OF THE RE4CTIOh OF PhCHzCOzEt NITH Phi OR PhCl i% 4PROTIC DIPOLAR 

SOL\ EhTS (3 h 4T 45OC) 
__-- __- ~____ 

SOI\ ent PhCHzC02Et (‘=%) 
. ~_________~~___ 

from Phi from PhCl 
_ -__- -_____ _-__ ___ 

HVP4 85 65 
D\ISO 88 19 
D\IF 72 23 
NRIP 86 86 

The Reformatsky reagent was always prepared m methylal [ 161, and the aprotrc 
drpolar solvent used m equal volume 

PhX + BrZnC!H&!O,Et w”~‘)* lo5p PhCH$O,Et 

All these reactrons were performed under the same experrmental condrtlons 
3 h at 45°C (Table 2) HMPX and iV-methylpyrrohdone are the best solvents for 
these reactrons as t!ley allow the use of chlorobenzene with good yrelds 

Chorce of the catalyst 

The yield and the ease of the reaction depend considerably on the catalyst 
used Catalysts have been tested under the same condrtrons 

Phi + BrZnCHZCO,Et H~~~~J~~~Jr~; PhCH2COIEt + BrZnI 

3 h at 45OC 

To be active the catalyst must be reducible, for example Nr” to Nr’, Pd” to 
Pd” PdCl,L, and NrCl,L, are mactrve alone, smce the Reformatsky reagent IS 
unable to reduce these complexes to then zerovalent analogues Contact with 
arr mhrbrts a reactron catalysed by Nr’L, by oxrdrzmg NrO to Nr” The catalyst 
must be stable Nickel complexes need four hgands attached to nickel m the 
solution to prevent decompositron. NrCI,L, + 2 EtMgBr grves an mactive 
catalyst resemblmg a metallic catalyst PhNrBrL? IS more effrcrent m the pres- 
ence of excess L NI(COD), 1s mactrve under our reaction condrtlons 

The catalyst must react wrth _ArX. Nr(drphos)L, * or Nr(dlphos)z do not 
undergo oxldatlve addition with ArX [17,18] and are therefore mactrve PdLJ 
rs mactrve wrth PhBr under 60°C and totally mactlve with ArCl [19,20] 

Nr’L, appears to be the best tested Nr” denvatrve and can be conveniently 
prepared by mrxmg NrC12(PPh3)2 + 2 PPh3 + 2 EtMgBr/ether m the reaction 
vessel To the same vessel ArX, BrZnCH&O,Et m methylal and lastly HMPA 
are added 

Pd’L., appears to be the best Pd” catalyst, better than Pd(o-tolyl,P)+ but m 

* &phos = PhlPCHZCHZPPhr 
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k IELDS OF C4T IL\ SED REACTIOkS OF Br%nCIIICO_tt \i 11 II Phi 

Catalx st 
L= PPhi 

PhCIIICO~Et f%) fG1 C) Re‘o\crtd Phi (5) (GLC) 

1 NICI,L~ + 2 L + 2 FthIgBr 85 

2 NII~L~ + 2 L + 2 EthIzBr 81 

3 Ph>lBrLz 57 

-% Phl\l~BrL~ f 2 L 88 

5 NII~L~ A 2 L 1 

6 XtLl + COD u + 2 EtVgBr 15 

7 hKIZL2 _ 2 SPhr! + 2 EtMgBr 2b 
__-- -__- -I_ ____ __ _ - __ _. 

“COD= crclooctadlene 

10 

9 
32 

14 

98 

38 

48 

the case of palladmm. 2L attached to the metal may suffice smce PhPdIL_ IS an 
excellent catalyst 

We were unable to relate catalytic activity to the geometry of the complexes 

Rlechanism 

Three drfferent mechanisms are commonly used to explam the catalysis of 
nucleophrhc substltutron on RX by transitron metal complexes_ 

(1) Oxrdatrve addrtron of the nucleophlhc reagent to the low valency transl- 
tron metal complex (Felkm) [ 3]_ 

Example: [Nr”L2] + R’MgX + R’NrMgXL, 
R’NrMgXL2 + RX --f RR’ + fi;gX, + [Nr”L2] 

(2) Oxrdatlve addition of RX (Parshall) [Zll 
Example: Nr”LJ + ArX + XrNrXL2 f 2L 

followed by hgand substrtutlon and reductive ehmmatron 
ArNrXLl + RMgX + ArNrRL2 + MgX, 
ArNrRLz + 2 L --f Nr”L4 + ArR 

(3) Reductive elimmatron caused by single electron transfer to the electro- 
phrlic substrate (Kochi) [ 18]_ 

ArNrRL, + ArX + [ArNr”‘RL1~ + ArX- 
[ArNrnlRL,]’ + [Nr’L,]’ + ArR 
ArX- + [Nr’L,]’ + ArNrXL, 

As we have shown, the Reformatsky reagent reacts easrly with PhPdXL, 

TABLE 4 

YIELDS OF CATALYST REACTIONS OF BrZnCHZCOzEt WITH Phi 

Rllll catalyst 

L = PPh3 
PhCHZCOlEt (%) (GLC) Recovered Phi (%) (GLC) 

8 

9 

10 
11 
12 

PdL, 

PhPdIL2 

Phl’d1i.q t 2 L 
PdLz (SPh2 )2 
PdCi2(o-tolYl)3P~ 

t 2(o-tolyl)3P + 2 EtMgBr 

45 54 

90 8 

54 34 

37 62 

21 65 



(S = Cl Br I) or PhNiIL, to give PhCH,CO,Et and Pd” or NI” [S] PhMXL, 
(h1 = SI, Pd) catalyses the leactlon of BrZnCH,CO,Et wrth _&-X (Tables 3 
and 4) 

We have demonstrated therefore that ArhIXL, can be an mtelmedlate m our 
catalytic cycle 

When ArX IS unable to undergo osrdatlve addltlon with MO (e g PhCl -I- PdL,) 
no reactlon occuq although PhPdClL2, mdependently prepared, reacts cleanly 
with BrZnCH2C0,Et 

At 45”C, PhBr does not give oxrdatlve addltlon with Pd’L, dnd does not 
collple with BrZnCH,COIEt m presence of PclOL, At SO”C m benzene PhBr 
undergoes slo\\ oxidative addition with Pd”L4 and slowly couples with BrZn- 
CH2C02Et 

We think therefore, that the first step of our reaction 1s the oxldatlve addl- 
tlon of ArX to a Pd” or NI’ complex 

We cannot exclude the posslblllty that the second step proceeds via single 
electron transfer, but m THF, at a platmum electrode or at a mercury electrode, 
neither PhCl nor PhBr are easily reduced Also ArNlXL, 1s osldlzed at i-0 2 V 
and reduced at -2 2 V (vs Ag/AgClO, 0 1 &I), I e leductlon to N1° occurs be- 
fore PhCl, PhBr and even Phi can be reduced to XrX- [22] 

Therefore, we thmk that the mechanism proposed by Parshall [Zl] is the 
best simple mechanism which accomodates OUT results 

Syntlietlc applications 

Our reaction could be useful m synthesis if it were apphcable to aromatlc 
hahdes bearmg functional groups 

Organozmc dernratlves are sufficiently mild to allow the inclusion of many 
functlonal groups without reactmg with them [ Cjb] 

We therefore tried our reactions with different ftmctlonal aromatlc halides 
(Table 5) 

With P-CH,COC&H,X, the addition to the carbonyl group competes favorably 
with the couplmg 

Yields are generally better with electron wlthdrawmg rather than electron- 
donating substltuents, but NO? deactivates MOL,, by oxldatlon [17] 

When the catalytic reactron falls, it 1s also possible to prepare ArMXLz 
mdependently and treat this with BrZnCH,CO,Et (examples p-CH&OC&L- 
PdBrL, and p-NO,C,H,PdBrL, (Table 5) _ 

Conclusion 

Much more work will be necessary to define the scope and hmltatlons of our 
reactlon. However, aromatic nucleophlllc substitution of a halogen by the 
enolate-hke reagent BrZnCHzCOIEt, can be catalysed by a transition metal 
complex This reaction proceeds smoothly even with aromatic chlorides The 
catalytic arylatlon of the Reformatsky reagent IS compatible with many func- 
tional groups and when the reactIon cannot be conducted catalytlcally it can be 
conducted stoichlometrically with pre-formed ArMX complexes_ Work on 
vmyhc hahde substitution is m progress and will be published later. 
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CL4 -4zP- i 

CV --o- ar 

PdL, 

N Lq 

85’ 

50” 

255 

C 

0 

70 b 
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I 

CH,CO al- NILS CH3C m, cob 5Cb 

I 
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a 
Isolated product 

b 
GLC 

Experimental 

AU experrments were carried out under a dry argon atmosphere 
Products of the reaction were analysed by GLC usmg a Var~an gas chromato- 

graph fitted with a 3 m long, 30% SE 30 column, followed by a coupled GLC- 
mass spectrograph (on a 2 50 m, OV 17 4% column, Varum mat III mass spectra 
meter). The GLC yields were determined using sultable internal standards 

The isolated products were rdentlfled by their mass spectra, their Infrared 
spectra (recorded on a Perkm-Elmer 580 spectrometer) and theu ‘H-NMR 
spectra (recorded on a Jeol60 MHz spectrometer)_ 

The Reformatsky reagent was prepared m methylal, according to the proce- 
dure reported by Gaudemar [16]. 

The palladium complexes,Pd(PPh,), , PhPdX(PPh,), ,p-N0.C,H,PdBr(PPh,)2, 
and p-CH,COCsH,PdBr(PPh,), were prepared according to the procedures 
reported by Coulson [ 19,233 and Frtton [20,24]. 



SICI~(PPII i)Z \\as plepared by the method of Venanzl 
method of Hlclal [17] 

Zeiovalcnt 1 3’ 1 complexes NIL,L~ were prepared m 
followed procedure 

PI epal a tron ot Ni”(PPh3), 
To a suspension of 0 32 g (0 5 mmol) of x~Cl~(PPll ,)Z 

279 

[25] Pl~NSL2 by the 

situ according to the 

and 0 26 g (1 mmol) 
of t~~phenylphosph~~~e m 5 ml of anhydlous dlethyl ether at 0°C was added 
1 mmol of magnesmm ethyiblomlde (4 ml of 0 25 N solution m ether) Effer- 
vescence occurred and a red-dark preclpltate of NI(PP~,)_ appeared The ma- 
ture nas stnred for 15 mm at 0°C 

Generalplocedrcre for the catalytxal arylatron of the Reformatsky leagent 

To 0 5 mmole of Pd(PPh3)J or NQPPh,), prepared as mentloned above, were 
added (at O”C), 5 mmoles of aromatlc hahde 10 mmol of the Reformatsky 
reagent (10 ml of a 1 IV solution m methylal) were then added, followed by at 
!east 10 ml of HiUP or other dlpolar aprotlc solvent The matme was stirred 
for 3 n at 45°C 

The progress of the reaction was followed by a potentlometrrc tltratlon 
(using aqueous XgNO, solution) of the solublllzed halides takmg a 1 ml ahquot 
The reaction nuxtule was then quenched with 50 ml of a saturated aqueous 
NH,CI solution The Internal standard (generally blbenzyl) was then acided to 
allow GLC tltratlon The solution was extracted with dlethyl ether and the 
orgamc layers dried with Na$O, The solvents weie dlstllled off and the prod- 
uct analysed by GLC, by comparison with commercial material If no commer- 
cial material was avalable the products were Isolated and characterized 

General procedure tar the storchrometrlcai arylatron of the Refo?matslzy 
) eagen t 

To a suspension of 5 mmol of ArPdXL, m 5 m! of anhydrous dlethyl ether 
were added 10 mmol of the Reformatsky reagent (5 mmol only in the case of 
p-CH,COC,H,PdBrL,) followed by 10 ml of HMPA The solution was stlrred at 
45°C for 3 h and extracted as mentioned above 

Synthesrs of PhCH,CO,Et from Phi, PhBr, PhCi, PlrPdXL2 (X = I, Br, Cl, 
L = PPh,), PhNlI(PPh,), 

In all cases this product was analysed by GLC by comparison with commer- 
cial material, and dosed by the internal standard method A coupled GLC-mass 
spectrograph gave peaks at 164, 119,105, 91, 77 as m the mass spectrum of the 
commercial product 

~yn thesis of p-HOCOC,H,CH,CO,Et from commercral P-HOCOCJZJ 
This product was isolated after treating the organic layer with an aqueous 

ZN NaOH solution The aqueous basic layers were made acid with a 2iV HCl 
solution whence a white solld appeared After water recrystalhsatlon, the prod- 
uct was charactensed. M p 114”C, IR (KBr) v(C=O&~ x.730 cm-‘, v(C=O)~~~~ 
1675 cm-‘. ‘H NMR (CCL, T TMS) t, 3H, 12 ppm (OCH,CH,), s, 2E, 3 65 ppm 

(ArCH,CO), q, 2H. 4 15 ppm (OCH,CH,). 2d, 4H, 7.35,8 05 ppm (p-XC,H,Y), 
s, lH, 10 2 ppm (OH). Mass spectrum- m/e 208,163,135,121. Analysis, Found 
C, 62 45; H, 5 86,0,30 88, C,,H,,O, Caled_: C, 63 46, H, 5 81,0,30.73. 
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Synthefts of p-CH,OC,H,CH,CO,EL from commocral p-CH,OC,HJ 
Xfter distillation of the solvent, the ml~tuie 1~ as fi!teied on a short alumina 

column. X colourless liquid \x as &tamed w1i1c.h was then dlstllled B p 
142--14~“C/lO mmHg (Lit [26] b p 153 -15_1”C/l’T mm&) IR(CC1,) v(C=O) 
1730 cm-‘, v(C=C) 1610, 1510, 1470 cm-’ z’(=C--0) 1250 cm-’ ‘H NVR 
(Ccl, + This) t, 3H, 1 2 ppm (OCHJH,), s,2H, 3 4 ppm (XrCH?CO), s, 3H 
3 6 ppm (CH,O), q, 2H, 4 05 ppm (OCH,CH,),2d,4H.G 7,7 1 ppm (p-XC&Y) 
blass spectrum m/f lQ4.179,149 135,121,91. 77 

Syn thests of p-C.NC,H,CH2C0.&t ft om commerctal p-CNC,H,I 
After dlstlllatlon of the solvent, the product was six-red with a water/cyclo- 

hexane mlsture to remove MbIPA A white pleclpltate was found. which was 
recrystalhsed from ethanol M p SS”C (Lit [293 m p S7-SS”C) IR (KBr) 
v(C=N) 2230 cm-‘, Y(C=O) 1735 cm-‘, v(C=C) 1610, 1510, 1470 cm-’ ‘H NblR 
(CD,COCD, + TMS) t, 3H, i 2 ppm (OCH,CH,), s, 2H, 3 75 ppm (ArCH,CO). 
q, 2H, 4 1 ppm (OCH,CH,), 2d, 4H, 7 4, 7 S ppm (p-XC,H,Y) Mass spectrum 
m/e 189,160,144,116,89 

Synthests of p-CH,COC,H,CH,CO,Et ff om p-CH,COC,H,PdBr(PPh,)l 
The product was obtamed after flltratlon on an alumma column. The solid was 

recrystallized from ethanol. M p 60-61°C (Lit [ZS] m p 62-68°C) IR(KBr) 
v(C=O) 1735 cm-‘, v(C=O) 16S0 cm-‘, v(C=C) 1610,1510,1420 cm-’ ‘H 
NMR(CC1, + TMS)- t, 3H, 1.2 ppm (OCH&H 3 , s, 3H, 2-45 ppm (COCH,), s, ) 
2H, 3 55 ppm (ArCH,CO), q, 2H, 4 1 (OCH,CH,), 2d, ppm 4H, 7 25,7.75 ppm 
(p-XC,H,Y)- M ass spectrum- m/e 206, 191, 163, 133, llS, 105, 90 

Synthests of p-N02C6H4CH,C0,Et from p-N02C,H4PdBr(PPh,), 
The product was obtained after filtration on a alumma column The sohd was 

recrystalhzed from ethanol_ M-p. 63” C (Lit [27] m p 64°C) IR(KBr)- v(C=O) 
1735 cm-‘, v(N=O) 1520,135O cm-‘, Y(C=C) 1610,1520,1470 cm-’ ‘H NMR 
(Ccl, + TMS)- t, 3H, 1.2 ppm (OCH,CH,), s, 2H, 3 6 ppm (ArCH2CO), q, 3H, 
4.1 ppm (OCH&H,), 2d, 4H, 7.35,S.l ppm (p-XC,H,Y) Mass spectrum: 
m/e 209,193,181,164,136,137,106 
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