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As a continuation of studying asymmetric induction in the amination reactions of conju- 
gated dienes [i] we studied the reaction of butadiene with various secondary amines in the 
presence of homogeneous metal complex catalysts based on Ni compounds, activated by chirai 
phosphites and electron-acceptor additives. On the sample of aminating butadiene with pyr- 
rolidine, piperidine, hexamethylenimine, morpholine, diethylamine, and dipropylamine using 
catalysts of type Ni(acac)2 -- L* -- AIR3 we studied the effect of the nature of the chiral 
ligand-activators, the structure of the amines, and the reaction conditions on the direc- 
tion of amination and degree of asymmetric synthesis in these reactions. As the optically 
active ligand-activators we selected phosphites (I)-(X), which were obtained from halo- 
phosphines (PC13, Bu2PCI, Ph2PCI, i-BuPCI2~ n-C~HI~PCI2 and PhPCI2) and natural-occurring 
alcohols (L = menthol, D = 1,2;5,6-diisopropylideneglucose, and L = cholesterol). 
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The amination of butadiene with piperidine (--8~ 30 days) in the presence of the 
catalytic system Ni(acac)2 -- (I) -- EtaAl (1:3:4) in anhydrous benzene gives a mixture of un- 
saturated amines and butadiene cyclodimers, composed of 3-piperidyl-l,7-octadiene (XI) (12%), 
l-piperidyl-2,7-oetadiene (XII) (71%), and 4-ethylcyelohexene (XIII) (17%). The overall 
yield of (XI)-(XIII) was ~38%. Compounds (XI) and (XIII), isolated by fractional distilla- 
tion through a Widmer column, had specific angles of rotation of --10.4 and +104 ~ , respec- 
tively. When the optically active ligand (I) An the catalytic complex was replaced by phos, 
phite (II) the overall yield of amines (XI) (15%) and (XII) (85%) rises to 52%, but here the 
specific angle of rotation decreases noticeably (XI, [a]~ ~ --3.6~ The butadiene eyclodimers 
are not formed in these experiments. The use of phosphite (III) as chiral component of the 
catalytic system not only permits realizing a marked increase in the overall yield of amines 
(XI) and (XIII) (~96%), but also in obtaining the (+)-enantiomer of (XI~, which has a specif- 
ic angle of rotation of +5.3 ~ . The amount of amines (XI) and (XII) in the reaction mixture is 
18 and 82%. 

The direction of aminating butadiene with piperidine changes noticeably when phosphites 
(IV)-(VI) are used, which, besides (XI) and (XII), also facilitate the formation of butenyl 
derivatives (XV) and (XVI). In particular, the reaction of butadiene with piperidine (2:1) 
in the presence of the catalytic system Ni(acac) 2 -- (V) -- Et~AI (--8 ~ , 30 days) leads to 3- 
piperidyl-l-butene (XV), l-piperidyl-2-butene (XVI), and cyclodimers (XIII) and (XIV), in an 
overall yield of 21%. The amount of oligomers of the optically active amine(XV), [a]~ ~ -~.41 ~ 
(P % 52%)~ in the mixture, is at least 49%. When ligand-activator (VI) was added to the 

2o +0.63 ~ (p ~ 78%). In the experiments with (VII) a sub- catalyst the isolated (XV) had [~]D 
stantial portion of the piperidine and butadiene is converted to (XII) (85%), while the 
amounts of (XV), [e]~~ +0.21~ (P 26%), and (XVI) are respectively 13 and 2%. It should be 
mentioned that phosp~ites (VIII), (IX), and (X) completely block the amination process. Ap- 
parently, the bulky molecules of the indicated phosphites prevent the approach and activation 
of the starting monomers to the central atom of the catalyst. The obtained results permitted 
the conclusion that phosphites (I), (II), and (III) direct the amination process toward the 
formation of the piperidine octadienyl derivatives (XI)-(XII), while phosphites (IV), (V), 
(VI), and (VII) facilitate the formation of butenyl derivatives (XV)-(XVI). 

In order to increase the overall yield of the optically active amines (XI) and (XV),we 
added tributylphosphine to the caaalytic system Ni(acac)2 -- L* -- Et~AI, which, according to 
[2], raises the activity of the indicated catalysts substantially in the amination of con- 
jugated dienes. On the model reaction of aminating butadiene with piperidine we studied the 
effect of the (L*):PBua ratio on the degree of asymmetric synthesis. As it proved, the yield 
of amines (XI) and (XII) imcreases with increase in the amount of BusP in the Ni(acac) 2 -- 
(L*) -- BuaP -- EtsAI catalyst, but the degree of asymmetric synthesis decreases (Table i). 
Evidently, the enantioselectivity of the amination catalyst decreases with decrease in the 
amount of the chiral component (L*) in the catalytically active nickel complex. 

+ > + 

CIt a 
(xv), (xix), (XXli), (xvI), (xx), 

(XXVI) (XXlII), (XXVII) 

(xIII) (xw) (xI), (XXlV) (xII), (xxlL ~xxv,) 

X=(- -CHr)~  (XI), (XlI), (XV), (XVI); 
(--CH2--)2--O--(--CH2--)~ 
(XXlI), (XXIII), (XXIV), (XXV); (--CI-lr)o (XXVI), (XXVlI); 

( - - c H r h  (XlX), (xx),  (XXI) 

tP = optical purity. 
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TABLE i. Effect of L*:PBua Ratio on Degree of Asymmetric 
Synthesis in Amination of Butadiene with Piperidine 

L :Bu 3 P 
mole ratio 

2 t 
I 2 
t 3 

Overal l  
' y i e ld  of 
amines,  % 

82 
85 
98 

(xI) 

43 

Compositions of amina t ion  products, ~ 

-0 , t2  
-0,09 

(XII) 1 (XIu I [~120 

59 4 +73 
57 - - 

N2NH Ni--L* 

GH 3 

(XXVIII), 

+ 1~i,,1-/~/" + I ~ Z C N / \  + ~ 1~--/%'/~'/~'// 
(XXIX),  (XXX) (XVIII) ,  (XXXII I )  
(XXXlI) 
~=c~I~ (XVlIi), (xxvlii), (xxI• (xxx); GH, 
(XXXI), (XXXlI), (X• 

Next we studied the amination of butadiene with diethylamine, pyrrolidine, hexamethyleni- 
mine, and morpholine in the presence of the catalytic system Ni(acac)2 -- (V) --AIEt:~ (--8 ~ , 
30 days), which made it possible to obtain predominantly 3-piperidyl-l-butene (XV). Diethyl- 
amine gives with a high selectivity l-diethylamino-2,7-octadiene (XVIII) (yield <9%). Branched 
amines are not formed here. From pyrrolidine under analogous conditions we obtained 3-pyr- 
rolidyl-l-butene (XIX) (8%), l-pyrrolidyl-2-butene (XX) (3%), and l-pyrrolidyl-2,7-octadiene 
(XXI) (89%) in an overall yield of ~70%. The specific angle of rotation of (XIX) is equal to 
-O.i ~ The reaction with morpholine proceeds quite easily and leads to a mixture of unsatu- 
rated amines (XXII)-(XXV), in which the amount of (XXII), [~]~o +1.8 ~ (P 58%) and (XXIV), 
[~]~o _2.74 ~ (P 37.4%) is equal to 8 and 30%, respectively. In contrast to the mentioned 
amines, hexamethylenimine reacts with butadiene only at 20 ~ to give only the butenyl deriva- 
tives (XXVI) (11%), [a]~o +2.12 ~ (P 77.5%) and (XXVII) (49%) in an overall yield of ~22%. 
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TABLE 3. Optical Purity (P)* of Ob- 
tained Unsaturated Amines 

Amine 

(xv) 
(xv) 

(xxii) 
(xxn) 
(xxvi) 
(xxvi) 
(XXlV) 

~xperiment calculated 

+0,63 
- 0 , 6 t  , 
+1,8 
-0,t5 
+2,t2 
-0,48 
-2,74 

P.% 

[~]~eXOt 0 P = ~  .100N 

[e]~calc 

+0,79 78 
-0,79 75,7 
+3,i 58 
-3,i 4,8 
+2,7 77,5 
-2,7 18 
-7,35 37,4 

A substantial portion of the butadiene is converted to (XIV), whose specific angle of rota- 

tion is +42.3 ~ . 

The obtained results permit the conclusion that, independent of the structure of the 
starting secondary amines, when the latter are te&omerized with butadiene the main products 
are unsaturated straight-chain amines, while the total amount of branched amines does not ex- 
ceed 30%. 

To increase the yield of the optically active branched unsaturated amines we added chi- 
ral electron-acceptor components to the achiral catalytic system Ni(acac) 2 -- BuaP -- AiEts, 
which noticeably increase the yield of butenyl derivatives when butadiene is aminated with 
secondary amines: D-campharic, L-aseorbic, and D-tartaric acids, L-proline, L-histidine, and 
D-trifluoroacety!camphor. Based on the data of the preliminary experiments, among the tested 
electron-acceptor additives the greatest activating ability is shown by trifluoroacetylcamphor, 
which makes it possible to obtain the optically active unsaturated amines (XV), (XXV), (XXII), 
(XXVIII), and (XXXI) in high yields (Table 2). 

Besides the optically active acids, we used CF3CO2H when butadiene was aminated by second- 
ary amines on the catalyst Ni(aeac) 2 -- L* -- (C2Hs)3AI, which, according to [2], substantially 
increases the activity of the catalytic system. In particular, when butadiene is reacted with 
Fiperidine or morpholine using Ni complexes, activated by phosphites (VIII) or (IX) and CF~C02H, 
we obtained the corresponding optically active amines (XV) and (XXII). As can be seen from 
Table 3, the complex catalysts Ni(acac)~ -- L* -- Et3AI, activated by CF3CO2H, chiral acids or 
trifluoroacetylcamphor, can be successfully used to obtain optically active unsaturated amines 
in high yields. 

The optical yields are given for amines (XV), (XXII), (XXIV), and (XXVi), whose yields 
are practically quite high in each experiment. The optical purity of the obtained unsaturated 
amines (XV), (XXII), (XXVI), (XXIV) were determined via PMR spectroscopy using Eu trifluoro- 
acetylcamphorate as the shift reagent [3], which exerts a noticeable effect on the chemical 
shifts of the methyl protons in diastereomeric complexes. The ratio of the areas of the 
signals of the diastereomeric methyl protons corresponds to the ratio of the (+)- or (--)- 
enantiomeric unsaturated amines (Fig. I). 

As follows from Table 3, the three- and four-component Ni-containing metal complex cata- 
lysts proposed by us, activated by chiral electron-donor and electron-acceptor additives, have 
a high enantioselectivity when butadiene is aminated, reaching 75-78%. 

EXPERIMENTAL 

In the study we used butadiene, piperidine, hexamethylenimine, morpholine, pyrrolidine, 
diethylamine, dipropylamine, D-tartaric, D-campharic, and L-ascorbic acids, L-proline, and L- 
histidine that were ~99.8% pure. Trifluoroacetylcamphor and Eu3-trifluoroacetylcamphorate 
were obtained as described in [4]. The chiral phosphites (I)-(X) were obtained as described 
in [5]. The PMR spectra were recorded on a Tesla BS-480B instrument (CC14, internal stan~ 
dard = HMDS), and the IR spectra were taken on a UR-20 spectrophotometer as a thin layer. 
The GLC analysis of the mixed oligomers was run on a Chrom-41 chromatograph, equipped with a 
flame-ionization detector and a 2.4 m • 3 mm column packed with 15% PM 1322/300 deposited on 
Chromosorb GAW-DMCS (60780 mesh), and using helium as the carrier gas at a flow rate of 40 
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ml/min. A Perkin--Elmer-141 polarimeter was used to determine the specific angles of rota- 
tion. The mass spectra were taken on an MX-13-06 instrument. The energy of the ionizing 
electrons was 70 eV and the temperature of the ionization chamber was 200 ~ 

General Method for Amination of Butadiene. To a solution of 0.002 mole of Ni(acac) 2, 
0.006 mole of the appropriate phosphite, and i0 ml of butadiene in 20 ml of benzene, in an 
argon stream, at --5 ~ , was added 0.008 mole of AI(C2Hs)3 andthe mixturewas stirred for20 min. 
The catalyst solution was transferred in an argon stream to a 150-ml glass ampul, into which 
had previously been loaded 0.6 mole of butadiene, 0.3 mole of the amine, and, when necessary, 
0.01 mole of the electron-acceptor additive, and the mixture was kept at the given tempera- 
ture. At the end of reaction the catalyzate was fractionally distilled through a column. 
The results of the experiments are given in Tables 1-3. 

, , 2o 1.4637. Infrared spec- 3-Diethylamino-l-butene (XXVIII) [a]~ ~ --0.27 ~ bp 66 ~ (30m m) n D 
trum (~, cm-~):920, i000, 3080 (CH=CH2), 1380, 1450 (CH3). PMR spectrum (~, ppm): 1.06 m 
(9H, CH3), 2.3 m (4H, NCH2), 2.8 m (IH, NCH), 4.87-5.66 m (3H, CH=CH2), M + 127. 

2o 1.4673. Infrared spectrum (~, l-Diethylamino-2-butene (XXIX), bp 68 ~ (30 mm), n D 
cm-1): 975, 3030 (trans-CH=CH), 1380, 1450 (CHs). PMR spectrum (~, ppm): 1.05 m (6H, CH3), 
1.66 d (3H, CHiC=C, J = 3 Hz), 2.27 m (4H, NCH=), 2.79 m (2H, NCH2C=C), 5.42 m (2H, CH=CH), 
M + 127. 

3-DiethyZamino-l,7-octadiene (XEX), [a]~ ~ --0.13 ~ bp 89 ~ (6 mm), n~ ~ 1.4798. Infrared 
spectrum (~, em-~): 925, i000, 3080 (CH=CH2), 1380, 1450. PMR spectrum (~, ppm): 1.05 m 
(6H, CH3), 1.44 m (4H, CH2), 1.97 (2H, CH2C=C=), 2.35 m (4H, NCH2), 2.56 m (iH, NCH), 4.82- 
5.03 (6H, CH=CH2), M+ %81. 

20 l-Diethylamino-2,7-octadiene (XVIII), bp 98 ~ (6 ~m), n D 1.4793. Infrared spectrum (~, 
cm-1): 920, i000, 3080 (CH=CH2), 980, 3080 (trans-CH=CH), 1380, 1450 (CH3). PMR spectrum (6, 
ppm): 1.05 m (6H, CH3), 1.5 m (2H, CH2), 1.96 m (4H, CH2C=C), 2.27 m (4H, NCH2), 2.8 (2H, 
NCH2C=C), 4.87 m (2H, C=CH2), 5.4 (3H, CH=CH), M + 181. 

o o 20 3-Dipropylamino-l-butene (XXXI), [a]~ ~ -�9 , bp 92 (30 mm), n D 1.4689. Infrared 
spectrum (~, cm-~): 920, i000, 3080 (CH=CH2), 1380, 1450 (CH3). PMR spectrum (6, ppm): 1.06 
m (9H, CH3), 1.37 m (4H, CH2), 2.3 m (4H, NCH2), 2.8 m (IH, NCH), 4.87-5.66 m (3H, CH=CH2), 
M+ 155. 

l-Dipropylamino-2-butene (~XXII), bpi98 ~ (30 mm), n~ ~ 1.4752. Infrared spectrum (v, 
cm-Z): 975, 3030 (trans-CH=CH), 1380, 1450 (CH3). PMR spectrum (6, ppm): 1.05 (6H, CH3), 
1.37 m, 1,6 d (3H, CH3C=C, J = 3 Hz), 2.27 m (4H, NCH=), 2.79 m (2H, NCH=C=C), 5.42 m (2H, 
CH=CH), M § 155. 

l-Dipropylamino-2,7-octadiene (XXXIII), bp 98 ~ (1 mm), n~ ~ 1.4739. Infrared spectrum 
(~, em-~): 920, 1000, 3080 (CH=CH2), 980, 3080 (trans-CH=CH), 1380, 1450 (CH3). PMR spec- 
trum (6, ppm): 1.06 m (6H, CH3), 1.45 m (6H, CH2), 1.96 m (4H, CH=CH=C), 2.27 m (4H, NCH2), 
2.8 (2H, NCH2C=C), 4.87 m (2H, C=CH2), 5.4 m (3H, CH=CH), M + 209. 

Compounds (XI), (XII), (XVI), and (XIX-(XXVI) were identified by comparing with authen- 
tic compounds [l, 2]. 

CONCLUSIONS 

It was shown that it is theoretically possible to obtain optically active unsaturated 
amines by reacting butadiene with the simpler secondary amines in the presence of chiral Ni- 
containing metal complex catalysts. 
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