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Abstract:  The combination of acetic acid with Pd2(dba)3.CHCl3 and dppf [l.1 ~ - 
Bis(diphenylphosphino ferrocene)] is a new type of catalytic system, capable of effecting the 
addition of protected and/or functionalized amines to allenes with high regio- and stereoselectivity. 
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One of the fundamental processes in organic chemistry is to form an amine, enamine or imine by the 

addition of an H-N bond to an olefin or alkyne. 1'2 Only small number of catalytic intermolecular 

hydroamination reactions are reported. 3" Our recent finding of a hydrocarbonation reaction in the presence 

of palladium catalyst open up a new era for C-C bond formation reaction. 5 By expanding this palladium 

chemistry, we found an easy access to intermolecular hydroamination of allenes with protected amines. 

Cazes's group first reported the intermolecular hydroamination of allenes with aliphatic amines. 6 They 

found the beneficial effect of adding triethylammonium iodide with palladium catalyst for this 

transformation. We examined the reaction of phenyl allene l a  with iminodiacetic acid diethylester 2a using 

Cazes's  conditions ( 5 mol% Pd(dba) 2, 10 mol% Ph3P, 30 mol % Et3NHI, in THF at 65 °(2 for 22 h ), and 

then 53% yield of 3a (by NMR) was obtained. But when we ran the same reaction in the presence of 

Pd2(dba)3.CHCla/dppf with additive acetic acid in THF at 80 °(2 for 8 h, complete conversion with 98% 

isolated yield was accomplished. Here we demonstrate that the catalytic system is very effective for the 

intermolecular hydroamination of various mono-substituted allenes with protected amines. Without acetic 

acid no satisfactory change was obtained (Table 1, entry 1). The dramatic change was observed when a 

catalytic amount of acetic acid was introduced into the reaction system (eq 1). Using n-allyl palladium 

chloride dimer as the palladium source the reaction proceeded but in very low yield. Aromatic allenes 

reacted faster and gave very high yields of hydroamination products. The results are shown in Table 1, ( 

e.g., entries 2-5). Although phenylethylallene l d  gave high yield (entry 6), n-octylallene l e  gave low yield 

(entry 7). Regardless of EDG and EWG at the para position of the phenyl ring of the aUene, 7-selectivity 

was obtained (entries 4,5). Dibenzylamine 2b reacted with allenes l b  andl f  smoothly and very high yields 

R . H - - N X Y  cat Pd(O)/dl~f _m R / . , , . ~ , v . . N X Y  
/ - + 

H AcOH, THF, 80 ° C  

1 2 3 ( e q ~ )  

2a, X = Y = CH2CO2Et 
2b, X = Y = CH2Ph 
2¢, X = Y = Ph 
2d, X = ~-Naphthyl, Y = Ph 
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Table 1. Hydroamination of allenes a 

Entry R of Arlene Amine Product Isolated 
yield (%) 

1 2 3 

1 Ph H- N(CH2CO2Et)2 P h J , , ~  N(CH2CO2Et)2 ~10 b 
l e  2a 3a 

2 I a 2a 3a 98 c 

3 l e  2a 3a 100 d 

4 p-Me-CsH4 2a p-Me-CsH4 ~ N ( C H 2 C O 2 E t ) 2  73 

l b  3b 

p-F3C-CsH 4 2a 

l c  

6 PhCH2CH 2 2a 

l d  

7 n-Octyl 2a 

l e  

8 p-Me-CsH4 H-N(CH2Ph)2 

l b  2b 

9 p-F3CO-CsH4 2b 

I f  

10 p-Me-CsH4 
l b  

11 l a  

H-N(Ph)2 

2c 

H 

2d 

p.F3C.C6H4 ~ N ( C H 2 C O 2 E t )  2 67 
3c 

P h ~  N(CH2CO2Et)2 

3(I 

n- Octyl ~ , , , , , , ~  N (C H2C02 Et )2 

3e 

83 ° 

32 • 

p.Me.C6H4 ~ , , , , , ~  N (C H2Ph) 2 99 

3f 

p.F3CO.C6H4 ~ , , , , , , ~  N(CH2Ph)2 75 

3g 

P b J , , ~ ' , ~  N (Pb)2 67 

3h 

62 o 

aOptimized conditions were applied. All yields are of pure product isolated by column chromatography. 
The E-  stereochemistry is confirmed by NOE experiment. 1H NMR and high resolution mass spectral 

b C o (HRMS) data are satisfactory. Without acetic acid. 20 mol ',/, acetic acid was added, d1.0 equiv acetic 
acid was added, eReaction time is varied from 20 - 24 h. 

were obtained (entries 8,9). Debenzylation can be carried out with [3,[3,[~-trichloroethyl chloformate in 

acetonitrile followed by treatment with zinc in acetic acid. 7 This deprotection method will not hydrogenate 

the olefinic double bond. Diphenylamine 2c and [~-naphthylphenylamine 2d also worked well (entries 

10,11). In the case of tosylamine 2e double amination products 4 along with mono-adducts 3 were 

obtained ( eq 2 ).8 Perhaps 3 is more l~eactive than 2¢. But with p-trifluoromethoxy phenylallene the mono- 
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-adduct 31 was obtained as a sole producL This tosyl group can be removed by the usual procedure. 9 

Ts 
R N _ _  I - • + TsNH2 =. R ~,,,,,,~.,,..~NHTs + R ~ . ~ , , , , , . ~ N ~ , . , . , , , , - ~ R  

la, b, f 2e 3 4 

3j (R=Ph), 37% 4,1.62"/. 
3 k ( R = p-Mo-CsH4 ), 41% 41), 19% ( eq 2) 
3 1 ( R = P-F3CO-CeH 4 ), 47% 

The typical procedure for the synthesis of 3a is as follows: To a reaction vial under argon charged 

with Pd2(dba)3.CHCl 3 (0.025 mmol, 26.0 mg) and dppf (0.06 mmol, 33.0 rag) in THF (0.5 ml) were 

added acetic acid (0.1 mmol, 0.006 ml), phenylallene (0.5 mmol, 58 mg), and iminodiacetic acid 

diethylester (0.6 mmol, 0.6 ml), and then the mixture was heated at 80 °12 for 8 h. 1° The reaction mixture 

was filtered through a short alumina column or through a celite pad using THF as eluent. The solvent was 

removed in vacuo. The crude product was filtered through silica gel column using hexane/ethylacetate (with 

ratio 10/1 and then 5/1) as eluent affording the product 3a in 98% yield. 

A possible mechanism for this addition of protected amine to allene is shown in Scheme 1. The 

oxidative addition of acetic acid to Pd(0) would produce the hydrido palladium species A of acetic acid, tl 

which then generates acetic acid in the presence of protected amine by the insertion of H-N bond and the 

intermediate B is formed. 12 In fact, Trost et al, recently reported this sort of catalytic system for C-C bond 

formation reactions. ~3 The H-N inserted palladium species forms a n-allylpalladium intermediate with allene 

which after reductive elimination gives the hydroamination product with y-selectivity. ~4 

By employing various protected amines which can be deprotected easily, this method will be useful 

for allyl amine synthesis. The mild conditions and easy workup of this new form of palladium catalyst may 

offer a significant advantage to hydroamination reactions. Furthermore, this method should be of interest 

for C-N bond formation reaction in synthetic organic chemistry. 

x Pd(O) 

R _ X  
N~ H- -  Pd-OOCCH3 

Y Pd 
n-allyl j / ~  ~ i  
Intermediate 

i × 
R \  ,,X --  Xy 

• H--Pd-N 
Y 

B CH3COOH 
Scheme 1 
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