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Abstract Co2(CO)8 catalyzed amrnocarbonylatlon of gemmal dlhaloalkanes R2CX2 (R=H, CH3, 
X=Br, Cl) with NHEt2 affording R2C(NEt2)CONEt2 selectively in n-&H14 using NEt3, while the 
yield of R2C(CONEt2)2 fairly increased In THF or benzene in aid of K2CO3 

Transition metal-catalyzed ammocarbonylation of organic halides converting to more value- 
added compounds has drawn conslderable attention because of its Importance in industrial 
process 1 Of particular importance In these areas, selective multifunctlonallzatton of organic 
halides by transition metal-promoted specific bond actrvatron IS current topics in the field of organ&c 
synthesis 2 On relevance of carbon monoxide activation under mild condition, we previously 
reported catalytic carbonylatron of dibromomethane using transrtlon metal complexes (eq I), and 
proposed a possible reactlon mechanism mvolwng transition metal ketene Intermediates on the 
basis of isolation of the reaction intermediates 3 

CH@r, + CO + HY + Zn - CH&OY + ZnBr, (1) 
MX2L2 

M= Nr, Pd, Pt , L= PPh3 Y= OCH~,OC$-I5, N(C2H& 

As a further extension of these studies, we report here Co2(CO)g-catalyzed amino- 

carbonylatlon of gemlnal dlhaloalkanes to produce 2-ammoamlde 1 and malonamlde 2 derivatives 
in addltton to amides 3 (eq 2), and describe main controlling factors governmg the product 
selectivity and a possible reaction mechanism 

R2CX2 + CO + NHEt2 
,NEt2 ,CONEt, 

co2(c”)8 
- RC 

2 ‘CONEt, + 
RC 

2 ‘CONEt2 

+ R,CHCONEt, (2) 
3 

2 

R= H, CH, X=Br, Cl 
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Amlnocarbonylatlon of CH3CHBr2 was typlcally carned out In a stenless steel autoclave(50 

ml) contarnlng cO$o)fj (0 4 mmol) and NEt3 (40 mmol), IntO which freshly d&led n-C6H14 (10 

ml) was added at room temperature under N2 Then, addltlon of CH3CHBr2 (IO ml) and NHEt2 (40 

mmol) was followed by introduction of CO (50 atm) The mixture was allowed to react at the 

specified temperature for the prescribed time The reaction products were then determmed by GLC 

using an internal standard and ldentlfled by NMR, Mass, and IR spectroscoples after isolation with 
preparative GLC Throughout the reaction in each case, appropriate amount of HCONEt2, 

(CONEt2)2, and CO(NEt2)2 was found to form as by-products 

Table I Cobalt-catalyzed Aminocarbonylatlon of Gemrnal Dlbromoalkanesa) 

4 

Run Solvent Base Products (mol%) 1+2+3 

2-amInoamide malonamlde amide R2CBr2 

1 2 3 (“~1 

CH3CHBr2 

1 n-C6H14 NEt3 87 4 9 38 
2 K2C03 18 82 12 

3 C6H6 NEt3 9 3 88 35 
4 K2C03 11 67 22 41 

5 THF NEt3 8 86 47 
6 K2C03 : 71 23 39 

?‘I CH3CHCl2 NEt3 56 44 15 

CH2Br2 

8 n-C6H14 NEt3 57 19 24 21 

9 C6H6 K2C03 29 61 10 15 

10 THF K2C03 36 60 4 14 

1 lb) CH2Cl2 K2C03 76 15 9 11 

Reaction conditions, CH3CHBr2 or CH2Br2 (10 mmol), NHEt2 (40 mmol), base (40 mmol), 

CO2(Co)8 (0 4 mmol), solvent (10 ml), P (CO)= 50 atm, 100 “C, 48 hr b) used as both substrate 
and solvent 
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The expenmental results were summarized in Table I The yield and selectlvtty of N,N- 
dlethyl-2-diethylamlnoproplonamtde 1 substantially reached to the best particularly In n-C6H14 

(Run 1) In most of cobalt-catalyzed carbonylatron of organic halldes,lg2 it IS general that sort of 

additives and polarity of reaction medium change selecttvlty of the products and even affect the 

course of the reactions It IS worth noting that N,N,N’,N’-tetraethyl-methylmalonamide 2 was 
produced mcreasmgly In C6H6 or THF by usmg inorganic base such as K2CO3 (Run 4 and 6), 

although 2 was llttle obtained in n-C6Ht 4 Only 3 was yielded in polar solvent such as 

acetonitrile and pyndine in which quaternary reaction of dlbromlde with NHEt2 took place 

predominantly instead 1 ,l -Dichloroethane was not carbonylated effectively at least under the 

reaction employed as in Table I (Run 7) 
On the other hand, the similar reaction mode In ammocarbonylation of CH2Br2 was 

observed although quaternary side reaction took place rather predominantly In THF and benzene, 
N,N,N’,N’-tetraethylmalonamlde appears to form rather mainly In K2CO3 (Run 9 and IO) 

Interestingly, N,N-diethyl-2-diethylaminoacetamlde was yielded rather exclusively on 
aminocarbonylatlon of CH2Cl2 without the formation of quaternary salt in spite of slow reaction 

(Run 11) 

In Table II, catalyst activities of some metal carbonyls toward amlnocarbonylatlon of l,l- 
dlbromoethane were investigated under the same reaction conditions It IS apparent that cO2(co)8 

effectively promoted the ammoamldatlon to yield 2-amlnopropionamide 1, whtle Rug(COjl2 was 

found to be effective for affording proplonamlde selectively In THF 

Table II Comparison of Catalyst Activity for Aminocarbonyaltlon of CH3CHBr2a) 

Catalyst Products (mot%) 1+2+3 

2-aminoamide malonamtde amide CH3CHBr2 

1 2 3 (%I 

co2tco)8 87 4 9 38 
lr4(CO)1 2 100 22 
Ru3(CO)12 100 24 
Ru3&0)1 2b) 6 94 53 

M(CO)6 (M,Cr,Mo,W) - 0 

a) The same reaction condltlons were employed as in Table 1 except using n-hexane (10ml) as 
solvent b) in THF 

Although multlfanous factors affectmg on these particular reactlons derive some dlfflcultles to 

rationalize the reaction condltlons governmg the course of the reactlons and the product 
selectlvltles, it IS clear that cO2(co)8 catalyzed amlnocarbonylatlon of gemmal drhaloalkanes 

yielding 2-ammoamIde and malonamlde denvatlves tn the presence of base, whereas acetamlde 
denvatives were only obtained by CO2(CO)8& systems as previously reported 3 



784 

To better define mechanisms of these reactlons, THF solution of Co2(CO)8 was treated with 
5fold NHEt2 In a glass pressure bottle mrtrally at -75 *C The reactron mixture was then allowed to 

react with CO (6 atm) by ratsmg the reaction temperature slowly to 20 “C After passmg the 
resulting solution through a short column of neutral Al2O3, off-yellow crystalline solid of 
Co(CONEt2)(C0)4 4 was rsolated with 27% yield 4 Although cO2(co)8 IS known to react with the 

secondary ammes to yield the formamides together with the drsproportronatron products, the 
cobalt-carbamoyl species as the key rntermedrate remains unexplored 5 

Co,(CO)s + NHEt2 - Co(CONEt2)(C0).z, + [Co(C0)4]NH,Et2 (3) 

4 

lnterestmg feature of 4 was Its catalytic activity toward aminocarbonylation of gemmal 
dihaloalkanes It was found that 4 promoted aminocarbonylation of l,l-drbromoethane wrth 
NHEt2/CO (50 atm) giving 2-ammopropronamrde 1 (480%/4), malonamlde 2 (la%), and 
propronamrde (38%) in n-C6H14 at 100 “C in the presence of NEt3, while in THF was selectively 

formed propronamide 3 (710%/4) n-r addrtron to malonamtde 2 (169%) These storchiometrrc 
model reactions suggest that a cobalt-carbamoyl Intermediate 4 likely plays a key role in these 
catalytic aminocarbonylation More detailed studies for elucidating a possible reaction mechanism 
parhcularly to answer the questions how the substituent of R2CBr2 affects the product selectivrty, 

are now actively investigated 
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