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Grignard and Barbier procedures have been applied to the addition of allylmetal (Zn, Cu, Pb, Bi, 
Al, In) species to imines derived from @)-valine esters, principally the methyl ester. The 
Zn-mediated, CeC13- or SnClz-catalyzed "Barbier" reactions of the imines with allyl bromide in THF 
in Ar atmosphere a t  room temperature proved particularly convenient, efficient and selective, 
providing the secondary homoallylic amines with excellent to perfect diastereoselectivity. The si 
face of the imine was attacked preferentially in every case. The addition of allylzinc bromide to 
aromatic imines was affected by reversibility, which caused the lowering of the diastereoisomeric 
ratio with increasing the reaction time. However, the retroallylation reaction could be avoided by 
performing the reaction in the presence of trace amounts of water, or by using CeC13-7Hz0 as the 
catalyst, although a t  the expense of the reaction rate. The bimetal redox systems Al-PbBrz, -SnClZ, 
-TiC14, and -BiCl3 were applied to the allylation of the imines derived from methyl valinate, but 
satisfactory results were achieved only with Al-BiC13 and -Tic14 systems. However, the use of 
the Al(Hg) and Al-PbBrz system afforded almost perfect chemo- and diastereoselectivity on the 
benzaldehyde imine derived from tert-butyl (SI-valinate. The synthesis of (S)-l-phenyl-3-butenamine 
from the corresponding secondary homoallylic amine was accomplished by a two-step sequence, 
consisting of the controlled reduction of the methyl ester with LMH4 and subsequent oxidative 
cleavage with H5106-MeNHz. 

Introduction 
Optically active primary homoallylic amines can be 

prepared through the diastereoselective addition of al- 
lylmetal compounds' to imines prepared by the conden- 
sation of aldehydes with optically active amines, provided 
that the chiral auxiliary group (the nitrogen substituent) 
can be subsequently r e m o ~ e d . ~ - ~  A variety of a-substi- 
tuted alkyl amines are then available by the fimctional- 
ization of the C=C bond of the N-protected homoallylic 
amine, e.g. by electrophilic or electrophile-mediated 
addition and oxidative cleavage reactions (Scheme 1). The 
analogous allylation of chiral cyclic iminium ions6 (formed 
in situ from a-amino ethers, including N-substituted 1,3- 
oxazolidines), n i t r ~ n e s , ~  and hydrazones6 has also been 

+ Allaye Bocoum, native of Mali, deceased prematurely in Bologna 
on 9 January 1994. We dedicate this paper to his memory. 

@ Abstract published in Advance ACS Abstracts, November 15,1994. 
(1) For exhaustive reviews on the application of allylic organome- 

tallic compounds in stereoselective syntheses, see: (a) Kleinman, E. 
F.; Volkmann, R. A. In Comprehensive Organic Synthesis; Trost, B. 
M., Ed., Pergamon Press: New York, 1991; Vol. 2, Ch. 4.3, pp 975- 
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1993,34, 7975. 
(5) (a) Laschat, S.; Kunz, H. Synlett 1990,51. (b) Laschat, S.; Kunz, 

H. J .  Org. Chem. 1991,56, 5883. 
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1990,55,215. (b) Polniaszek, R. P.; Belmont, S. E. J. Org. Chem. 1990, 
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reported. The chiral auxiliary group was contributed 
generallyg by optically active l-arylethanamines,2,68-' 
/$amino alcohols and a-amino acid esters: 
and amino  sugar^.^ 

The efficiency and the diastereoselectivity of the imine 
allylation reactions were found dependent on the nature 
of both the imine and the organometallic reagent. For 
example, allyl-9-BBN was the reagent of choice for the 
allylation of the imines prepared from l-phenyletha- 
namine and 2-methylpropanal,28 as well as butyl gly- 
oxylate.2b The reactions of allylsilanes and -stannaries 
in the presence of SnC14 were efficient and diastereose- 
lective (up to 99% de) with the imines derived from 
a-glycosylamines and aromatic aldehydes, but not ali- 
phatic  aldehyde^.^ The organometallic species obtained 
from allylmagnesium chloride and cerium trichloride3" 
and the functionalized allylzinc reagent derived from tert- 
butyl 2-bromomethyl acrylate3c were used for the allyla- 
tion of the benzaldimines derived from phenylglycinol 
and alaninol. Following the Torii's seminal experiment 
on the Barbier allylation of the benzaldimine derived 
from methyl (S)-valinate (la) by using allyl bromide and 
the bimetal redox system Al-TiC14,4a the addition of 

(7) Chang, 2.-Y.; Coates, R. M. J. Org. Chem. 1990, 55, 3475. 
(8 )  Denmark, S. E.; Nicaise, 0. Synlett 1993, 359. 
(9) The allylation of ketimines, generated from nitriles and carrying 

the chiral sulfinyl group at nitrogen, has been described: Hua, D. H.; 
Miao, S. W.; Chen, J. S.; Iguchi, S. J. Org. Chem. 1991, 56, 4. 
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Scheme 2. Grignard (A) and Barbier (B) Allylation of Imines 
A) b M  , or &M M'Xn Or BF3 

a:R=Ph;R'=Me 
b : R = 4-MeOPh; R' = Me ~~y CO,RV C : R = 3-pyridyl; R'= Me 
d : R =  n-C5H11; R'= Me 
e : R = i-Pr; R'=Me 

J-P 6;'f 

H 

1 a 4  e B r ,  M or e B r ,  M, M'X,(Cat.) 28-1 f : R = Ph; R'it-Bu 

allylchromium4" and -bismuth species4d and the allylzinc 
reagent mentioned above were successively reported.4b 

Results and Discussion 

We describe herein the results obtained in the addition 
of allylmetal species to aromatic and aliphatic imines 
la-f derived from (&')-valine esters, principally the 
methyl ester, affording the secondary homoallylic amines 
2a-f.1° Toward this purpose we have applied either 
Grignard and Barbier procedures (Scheme 2, routes A 
and B, respectively). For the Grignard procedure, usually 
adopted in organometallic reactions, we prepared a 
suitable allylmetal species and then added it to the imine 
(or vice versa). The imine can be activated by complex- 
ation with a Lewis acid, coming from the preparation of 
the allylmetal species (M'X,,) or added separately (BF3- 
*EtzO). On the other hand, we followed several Barbier 
procedures,ll where the imine and allyl bromide were 
added simultaneously to a suitable metal (M) or metal- 
metal salt system ("X,), the salt being used in 
catalytic amount. 

Grignard Procedure. The Grignard procedure al- 
lows the reaction of the allylmetal species with the imine 
to be performed a t  low temperature, so that better chemo- 
and diastereoselectivity should be accomplished with 
respect to the Barbier procedure, which requires gener- 
ally room temperature for the formation of the allylmetal 
species in  situ. The organometallic reagent must dis- 
criminate the imine and ester functions of 1, so we 
performed the transmetalation of allylmagnesium chlo- 
ride with PbBrz, BiC13,12 CeC13,3a and CUI in THF, to 
prepare the corresponding allylmetal species. Further- 
more, allylzinc bromide,13 allylaluminum sesquibro- 
mide,14 and diallyltin dibromide15 were obtained by 
treatment of allyl bromide with Zn powder, Al(Hg) foil 
(i.e. in the presence of a catalytic amount of HgClZ), and 
Sn(Hg) in THF. The reactions with la,d were performed 
a t  different temperatures. The steps involved are de- 
scribed in Scheme 316 and the results of the organome- 
tallic reactions are reported in Table 1. 

The addition of BFs etherate was necessary to activate 
the imine la  toward the allyllead and -bismuth species. 

(10) Preliminary reports: (a) Bocoum, A.; Boga, C.; Savoia, D.; 
Umani-Ronchi, A. Tetrahedron Lett. 1991,32, 1367. (b) Bocoum, A.; 
Savoia, D.; Umani-Ronchi, A. J. Chem. SOC., Chem. Commun. 1993, 
1542. 
(11) (a) Blomberg, C.; Hartog, F. A. Synthesis 1977,18. (b) Einhorn, 

C.; Einhorn, J.; Luche, J.-L. Synthesis 1989, 787. (c) Molander, G. 
Chem. Rev. 1992,92,29. (d) Cintas, P. Synthesis 1992,248. (e) Curran, 
D. P.; Fevig, T. L.; Jasperse, C. P.; Totleben, M. J. Synlett 1992, 943. 
(0 C.-J. Li, Chem. Rev. 1993, 93, 2023. 
(12) Wada, M.; Kuramoto, Y.; Matsumoto, T. Communication pre- 

sented at the Sixth IUPAC Symposium on Organometallic Chemistry 
toward Organic Synthesis (OMCOS 6), Utrecht, The Netherlands, 25- 
29 August, 1991, C43. 

(13) Gaudemar, M. Bull. SOC. Chim. Fr. 1962, 974. 
(14) Gaudemar, M. Ann. Chim. (Paris) 1966,1,161; Bull. Soc. Chim. 

Fr. 1958, 1475. Miginiac-Groizeleau, L. Ann. Chim. (Paris) 1961, 6, 
1071. mrard,  F.; Miginiac, P. Bull. SOC. Chim. Fr. 1974, 2527. 

(15) (a) Sisido, K; Takeda, Y. J. Org. Chem. 1961,26,2301. (b) Boga, 
C.; Savoia, D.; Tagliavini, E.; Trombini, C.; Umani-Ronchi, A. J. 
Organomet. Chem. 1988,353, 177. 

Scheme 3. Mechanisms of Allylation of the Imines 
1 (MX, = nonreducible metal salt) 

1) Formation of the allylmetal species 

PbBr2 

113 BiC13 

+MsCl 

-PbBr + MgClBr 
/ 

-:' + MgCIz 

e C u - M g l C I  

e C e C I ,  + MgCI, 

2) Organometallic addition to the imine or the Lewis acid-imine complex 

1 + M'X, 
M'Xn = BF3, AIBr3 

The nature and the reactivity of the allyllead and 
-bismuth species were affected by the Grignard/salt ratio. 
These observations allowed us to discern the nature of 
the reactive organometallic species. Both allyllead bro- 
mide and diallyllead were prepared, but only the former 
was reactive, although the desired homoallylic amine 2a 
was accompanied by products coming from the allylation 
of the ester group of 2a.17J8 Conversely, in the case of 
the bismuth species, the reaction performed with trial- 
lylbismuth gave better yields of 2a, with respect to the 
reactions carried out by using a lower ratio allylmagne- 
sium chlorideiBiC13, according to the reported reactivity 

(16) "he preparation of allylindium sesquibromide from In and allyl 
bromide has been reported, so that we assume that this species is 
involved in the Barbier allylation of la: (a) Araki, S.; Ito, H.; Butsugan, 
Y. J. Org. Chem. 1988, 53, 1831. (b) Araki, S.; Shimizu, T.; Johar, P. 
S.; Jin, S.-J.; Butsugan, Y. J. Org. Chem. 1991,56,2538. (c) Jin, S.-J.; 
Araki, S.; Butsugan, Y.  Bull. Chem. SOC. Jpn. 1993, 66, 1528. 
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Table 1. Addition of AUylmetal Compounds to the Imines (S)-1a,da 

imine 

la 
la 
la 
la 
Id 
la 
la 
la 

reagentsb (equiv) 

CHz=CHCHzPbBrMgBrC1(2.5), BF3 ( l p  
( C H Z - C H C H ~ ) ~ B ~ . ~ M ~ C ~ ~  (2): BF3 ( l p  
CHZ=CHCHzCu*MgIC1(2.5) 
(CHz=CHCH2)zCuMgCl*MgICl(3) 
CHZ=CHCHzCu*MgIC1(2.5) 
(CHz=CHCHz)&lzBr3 (0.5)s 
CHz=CHCHZZnBr (2) 
CHz=CHCH2ZnBr (2) 

temp 
("C) 
-78 
-30 
-78 
-78 
-78 
-78 

25 
0 

time 
(h) 
5 

12 
3 
3 
3 
1.5 
1 
1 

product 

(S,S)-2a 
(S,S)-2a 
(S,S)-2a 
(S,4S)-2a 

(S,S)-2a 
(S,S)-2a 
(S,S)-2a 

(R,S)-2d 

yield (%)b dr  (%)b 

7 2d > 99: 1 
78 > 98:2 
96 (78)f 98:2 
100 98:2 
100 <1:99 
70d*h 97:3 
100 99:l 
100 1oo:o 

a "he reactions were carried out on 1-2 mmol of the imine in THF. b Determined by GC-MS analysis. The dr  is reported according to  
the order of elution of the diastereoisomers. BF3 was added to the allylmetal reagent before adding la. No product was obtained in the 
absence of BF3, even a t  0 "C. * Products derived by addition to the ester group were observed by GC-MS analysis. e By lowering the ratios 
GrignardBiCl3 organometallic reagenula, the yield and the diastereoselectivity decreased. f Yield of product isolated and purified by 
flash chromatography. 8 Solvent was EtzO. Unreacted la (17%) was present. 

of the different allylbismuth halides with carbonyl com- 
pounds.12 The reaction of triallylbismuth was plagued 
by the waste of allyl groups, as a quantitative conversion 
of the imine was not obtained even with 2 equiv of 
triallylbismuth. 

On the other hand, the use of allylcopper reagents in 
moderate excess allowed us to obtain 2a and 2d in almost 
quantitative yield and excellent diastereoselectivity from 
the aromatic and aliphatic imines la and Id, respectively 
(Table 1). The addition of BF3 etherate was unnecessary 
and did not affect the selectivity. On the other hand, the 
allylmetal species generated by treatment of allylmag- 
nesium chloride with cerium trichloride was found un- 
reactive toward la a t  0 "C, despite the reported reactivity 
with the benzaldimine derived from phenylgly~inol.~" 
Similarly, diallyltin dibromide was unreactive toward 
la,e a t  25 "C. 

Allylaluminum sesquibromide proved to be reactive 
and moderately selective on la  a t  -78 "C. However, we 
realized subsequently that  the use of allylzinc bromide 
was most convenient, especially because the reaction with 
la  proceeded with almost perfect control of the chemo- 
and diastereoselectivity even a t  0-25 "C (Table I). 

The composition of the diastereoisomeric mixtures of 
2a was determined by GC-MS and lH-NMR analyses and 
by comparison with the authentic mixture of (S,S)- and 
(R,S)-2a (9O:lO) prepared by a reported procedure.4a As 
the addition of the allylmetal species occurred to the si 
face of la, affording (S,S)-2a, we assumed that the same 
sense of asymmetric induction should be observed in the 
allylation of Id, so affording prevalently (R,S)-2d. As a 
matter of fact, the order of GC-MS elution of the diaste- 
reoisomers of 2a (major isomer eluted first) was opposite 
to that of 2d (minor isomer eluted first). 

Barbier Procedure. (A) Zn-, Al-, and In-Mediated 
Reactions. The Barbier procedure," involving the 
formation of the allylmetal reagent in situ, can be applied 
to the preparation of homoallylic amines, provided that 
the metal (e.g. Zn, Al, In) is unreactive toward the imine. 
In these conditions, the mechanism of reaction is not 
different from that  involved in the Grignard procedure. 

At first, the mixtures of the imine (la-f), the metal 
(Zn, Al(Hg), In), and allyl bromide were stirred magneti- 
cally in anhydrous THF a t  room temperature and in 

(17) Allylead bromide, generated from allyl bromide and Pb in the 
presence of B d B r  in DMF, was found unreactive toward esters: 
Tanaka, H.; Yamashita, S.; Hamatani, T.; Ikemoto, Y.; Toni, S. Chem. 
Lett. 1086, 1611. 

(18) When the allylation reactions were plagued by the addition to 
the ester group of 2, the two diastereoisomers of 2 displayed a different 
reactivity, so tha t  the final diastereoisomeric ratios were generally 
different from the original ones. 

Table 2. Reaction of (SI-la-f with Allyl Bromide 
and Metals0 

imine metal time (h) product yield (%Ib dr.(%)b 

la Zn 0.5 (S,S)-2a 80 >99:1 
1.5 100 94:6 

32 100 52:48 
la Znc 7 (S,S)-2a 60 1oo:o 

24 100 (92)d 1OO:O 
(S,S)-2a 37'f 81:19 

5 7fa 97:3 
52 94:6 72 

la In 2.5 (S,S)-2a 50 76:24 
12 71 77:23 
36 100 75:25 

lb Zn 0.5 (S,S)-2b 100 1oo:o 
48 100 71:29 

IC Zn 2 (S,S)-2C 100 > 99: 1 
24 100 >94:6 
48 100 91:9 

Id Znh 1 (R,S)-2d 100 5:95 
48 100 5:95 

l e  Zn 12 (S,S)-2e 47f9 76:24 
l e  Znh 1.5 (S,S)-2e 88fg 87:13 

a The reactions were performed in THF on 1-2 mmol of imine 
by using an  excess of metal (1.5 equiv) and allyl bromide (1.2 
equiv). ks in Table 1. Reaction performed in the presence of 0.7 
equiv of HzO. dYield of product isolated and purified by flash 
chromatography. e la (34%) was present. f Byproducts coming 
from the allylation of the ester group were observed. g The 
conversion of la was complete. 1.05 Equiv of allyl bromide was 
used. 

la 2: 

If Al(Hg) 12 (S,S)-2f 100 >99:1 

argon atmosphere (Table 2). l9 The prevalent formation 
of (S,S)da-c,e,f and (R,S)-2d was assumed, consistent 
with the order of elution of the diastereoisomers in the 
GC-MS analysis. The Zn-mediated reaction was rapid 
and complete within 1.5 h, but the diastereoisomeric ratio 
was found to decrease with time. In fact, by quenching 
samples of the reaction mixture after increasing times, 
the (S,SIR,S) ratio of 2a decreased from >99:1 (0.5 h, 
incomplete reaction of la) to 94:6 (1.5 h, complete 
reaction), and W h e r  to 62:38 (48 h). The same observa- 
tion was made by following the Grignard procedure, i.e. 
by adding la to allylzinc bromide a t  -78 "C and quench- 
ing the reaction after stirring for several hours a t  25 "C. 

(19) The Barbier reactions were performed on 1-2 mmol of imine 
by using an excess of metal (1.5 equiv), and allyl bromide (1.2 equiv), 
to achieve a complete conversion of the imine. However, the CeC13- 
catalyzed Zn-mediated reactions with the aliphatic imines ld,e gave 
excellent results when performed with the stoichiometric amount of 
allyl bromide. Anhydrous THF, inert atmosphere, and room tempera- 
ture were necessary either in the Zn- and AlPbBr2-mediated reactions. 
No reaction occurred when the mixture la-AI-PbBr2 was stirred at 
0 "C in THF, and in MeOH, MeCN, and EbO at 25 "C. When scaling 
up the reactions, care should be taken to cool the reaction flask with 
an external ice bath and to add slowly the organic reagents to the 
suspension of the metal or bimetal system, in order to get reproducible 
selectivities. 



Enantioselective Synthesis of Homoallylic Amines 

Furthermore, a sample of pure (S,S)-2a (>99%) under- 
went epimerization by treatment with a catalytic amount 
of ZnCl2 in THF, whereas SnCl2 and CeCl3 were ineffec- 
tive. 

These observations are best rationalized by assuming 
that the addition of allylzinc bromide to (S)-la is revers- 
ible a t  room temperature, as it was found for the addition 
of y-substituted allyllzinc compounds to imines,2o where 
the synlanti ratio of the products was dependent on the 
reaction time. As an  alternative, the epimerization could 
have occurred at the chiral center next to the ester group. 
However, this possibility could be excluded by the fol- 
lowing experiments. The previously epimerized 2a (52: 
48 mixture of diastereoisomers) was converted by care- 
fully controlled removal of the valine auxiliary group to 
the primary homoallylic amine, which was optically 
inactive. Furthermore, after hydrogenation of the allyl 
moiety of 2a (Hz, PdIC, MeOH, 25 "C), no epimerization 
of the saturated product occurred by treatment with a 
catalytic amount of ZnClz in THF. 

By performing the reaction with la  using allyl bromide 
and Zn in the presence of 0.7 equiv of HzO, we observed 
that  the homoallylic amine 2a was produced slowly but 
with perfect stereocontrol, even when quenching the 
reaction mixture after 24 h (Table 2). We suppose that 
H2O acts as a proton source for the reaction adduct, i.e. 
the zinc salt of 2a, affording in situ 2a and a less acidic 
zinc hydroxide species. 

The Al(Hg)- and In-mediated Barbier procedure on la  
did not show the character of reversibility (Table 2). 
However, the Al-mediated reaction was plagued by the 
formation of byproducts derived by the allylation of the 
ester function,18 and the In-mediated Barbier allylation15 
was poorly diastereoselective, similarly to the analogous 
reaction performed on the imine derived from l-phenyl- 
ethylamine.2d Conversely, the Al(Hg)-mediated allylation 
of lf, derived from tert-butyl valinate, displayed es- 
sentially perfect chemo- and diastereoselectivity. 

The Zn-mediated reaction with the imines derived from 
methyl valinate was superior in terms of rate, chemose- 
lectivity, and diastereoselectivity with respect to the other 
metal-mediated reactions, provided that it was quenched 
in timely fashion or carried out in the presence of a little 
of water; it  compares favorably also to the allylation of 
la with allyl bromide, Bi and BuNBr in MeCN.4d The 
Zn-mediated procedure was applied to other aromatic and 
aliphatic imines (Table 2). Starting from lb, complete 
conversion and perfect diastereoselectivity for 2b were 
observed after 0.5 h, but epimerization of 2b occurred if 
the reaction mixture was not quenched, and a 71:29 
diastereoisomeric ratio was observed after 48 h. The 
epimerization was much slower for 2c21 and did not occur 
with the aliphatic imines ld,e, demonstrating that  the 
nature of group R of the imine has a prominent role in 
the process. Compound le underwent the competitive 
allylation of the ester function, probably because even 
the attack to the imine group is impeded by the bulky 
i-Pr group, and the dr of 2e was consistently lower.ls 
(B) AVMX, (Bimetal Redox SystembMediated 

Reactions. Stimulated by recent reports of Barbier 
procedures exploiting bimetal redox systems for the 
synthesis of homoallylic  amine^,^^,^^ we investigated 
analogous Barbier allylation of the imines derived from 
methyl (S)-valinate. The method is based on the follow- 

(20) Mauze, B.; Miginiac, L. Bull. SOC. Chim. Fr. 1973, 1832. 
(21) In the preliminary communication,lob we erroneously reported 

the fast epimerization of 2c, but we later realized that the imine la 
was used, rather than IC, in that experiment. 
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Table 3. Reaction of (S)-la,c,f with my1 
Bromide- Al-MX" 

imine M'X,, time (h) product yield (%Ib dr (%Ib 
la PbBr2 3 (S,S)-2a 56c 96:4 
la Tic4 24 (S,S)-2a 83c 9O:lO 
la BiCl& 12 (S,S)-2a 100 93:7 
la InC4 0.08 (S,S)-2a 7Wse 88:12 

5 (S,S)-2a 7 9  87:13 
la SnClzd 8 (S,S)-2a 53e 78:22 

48 (S,S)-2a 72:28 

If PbBrz 12 (S,S)-2f 100 (86)f >99:1 

0 The reactions were performed in THF on 1-2 mmol of imine 
by using an excess of metal (1.5 equiv) and allyl bromide (1.2 
equiv), and a catalytic amount (0.1 equiv) of salt. As in Table 1. 

Byproducts derived from the allylation of the ester group of 2a,c 
were formed. HgCl2 (0.5 mmol) was preliminarly added to  the 
suspension of finely cut Al foil (2 mmol). e la (25%) was present. 
f Yield of product isolated and purified by flash chromatography. 

ing principle. A bimetal redox system, constituted by a 
reducing metal (M) and a reducible metal salt (MX,) in 
catalytic amount is used to generate in situ the active 
metal ( M )  (eq 11, the direction of the redox reaction being 

IC PbBrz 4 (S,S)-2e 6 9  9 8 2  

nM + m M X  -. nMY,  + m M  (eq 1) 

determined approximately by the standard reduction 
potentials of the cations:23 in aqueous solution the metal 
M is able to reduce the metal salt MX, when the 
potential of M+m is more negative than that  of (MYn. 

The electrode reduction potentials of some cations have 
been measured in several organic solvents: it  was 
apparent that the order of reducing ability of the metals 
was not modified by the solvent, which affected only the 
absolute values of the potentials.% Hence, the trend 
determined in water should be valid also in THF, a t  least 
when the standard reduction potentials of the cations 
differ largely. 

We choose Al as the reducing metal, owing to the very 
negative potential (Al+31Al), assuming that it would be 
able to reduce PbBrz, BiCl3, InCl3, and SnCl2 to the 
zerovalent metals (Pb, Bi, In, Sn) in active form. The 
reaction should then proceed through the formation of 
the corresponding allylmetal species from the metals and 
allyl bromide, and the organometallic addition to the 
imine, activated by complexation with the aluminum 
halide formed in the redox reaction. On the other hand, 
the formation of either Tio or can be envisaged in 
the redox reaction of Al and TiC14.23 

The redox bimetal systems A1/PbBr2,22 m c 1 4 , 4 a  AV 
BiC1325 have been recently employed in the "Barbier" 
allylation of carbonyl compounds and imines with allyl 
bromide. The results we have obtained in the experi- 
ments performed on la,c,f with these bimetal redox 
systems are reported in Table 3. 

~~ ~ 

(22) Iminea have been allylated with allyl bromide, AI, PbBrz (cat.) 
and BF3 in EtzO: Tanaka, H.; Yamashita, S.; Ikemoto, Y.; Torii, S. 
Chem. Lett. 1987, 673. 

(23)CRC Handbook of Chemistry and Physics, 68th ed.; CRC 
Press: Boca Raton: FL, 1987. The following standard reduction 
potentials (V us SHE) are of concern for the bimetal systems we used: 
Ce+VCe, -2.483; Al+3/Al, -1.662; Znf2/Zn, -0.762; In+3/In, -0.338; 
Sn+Z/Sn, -0.137; Pb+Z/Pb, -0.126; BiClr-Bi, +0.160. For titanium, the 
following potentials are known: Ti0+2 + 2H+m + HzO, -0.882; Ti- 
(OH)+S + H+/Ti+3 + HzO, -0.055; Tif2/Ti, -1.628; Tif3m+', -0.368. 

(24) Headridge, J. B. Electrochemical Techniques for Inorganic 
Chemists; Academic Press: London, 1969; p 75. For example, the 
potentials (V us aqueous SCE) of Pb+2 and Zn+2 in HzO, DMSO, DMF, 
in the order are: Pb+z/Pb, -0.38, -0.47, -0.42; Znf2/Zn, -1.00, -0.98, 

(25) Wada, M.; Ohki, H.; Akiba, K. Bull. Chem. SOC. Jpn 1990, 63, 
-0.98. 

1738. 
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Table 4. Reaction of (S)-la,c-e with AUyl 
Bromide-Zn-MX' 

Basile et al. 

Scheme 4. Mechanism of Zinc-Mediated, 
CeC4-Catalyzed Barbier Allylation of Imines 1 

time yield 
imine MX, (h) product (a)* dr(%)*,' 
la  CeC13 0.08 (S,S)-Za 100 1OO:O 

2.5 100 93:7 
24 100 64:36 

la CeCly7Hz0 0.5 (S,S)-2a 100 >99:1 
4 100 >99:1 
20 100 >99:1 

la SnCl2 0.1 (S,S)-2a 100 1OO:O 
0.5 100 98:2 
12 100 9O:lO 
24 100 64:36 

la SnC& 0.5 (S,S)-2a 40 1OO:O 
24 100 98:2 

IC CeCl3 0.16 (S,S)-2c 90 1OO:O 
0.5 100 1oo:o 

IC CeC13.7HzO 2.5 (S,S)-Zc 100 1OO:O 
Idd CeC13-7H20 0.75 (R,S)-2d 100 0:lOO 
led CeC13 0.08 (S,S)-2e 100 98:2 

24 100 98:2 
led CeCly7HzO 0.25 (S,S)-Ze 100 98:2 
led SnCl2 2 (S,S)-Ze 500 1OO:O 

As in Table 3. Reaction performed in the presence of 0.7 
equiv of HzO. 1.05 Equivalents of allyl bromide was used. When 
using more allyl bromide (1.2 equiv), the attack to  the ester group 
of 2e occurred, lowering also the dr.18 e Unidentified higher boiling 
organic compounds and an  allyltin compound were present in the 
reaction mixture. 

By comparison with the results obtained in the un- 
catalyzed Al(Hg)-mediated reaction (Table 2) and con- 
sidering that  unactivated Al is not reactive toward allyl 
bromide, it was evident that  especially InCls increased 
markedly the reaction rate even by using unactivated Al. 
On the other hand, PbBr2 and Tic14 had a less pro- 
nounced effect, and SnC12 and BiC4 required the use of 
Al(Hg). Owing to the use of an  excess of allyl bromide 
and metal, in the Al(Hg)-mediated allylation of l a  and 
the Zn-mediated allylation of l e  (Table 2), as well in the 
reactions with 1a,c employing Al-PbBr2, -1nC13, -Tic&, 
and -SnC12 (Table 3), byproducts were formed by the 
addition of the allylmetal species to the ester group of 
the homoallylic amines. Conversely, the clean formation 
of 2a was obtained with the Al(Hg)/BiC13 system, which 
also provided better diastereoselectivity (94% de): these 
results pointed against the involvement of allylaluminum 
sesquibromide as the reactive allylmetal compound, as 
the uncatalyzed Al(Hg)-mediated Barbier reaction was 
considerably less chemo- and diastereoselective. 

Owing to the more satisfactory results obtained by the 
Zn-mediated Barbier procedure, the metal salt-catalyzed 
Al-mediated reactions was not applied further to the 
aliphatic imines ld,e. However, perfect chemo- and 
diastereoselectivity were achieved by the application of 
the AVPbBr2-mediated Barbier procedure to the imine 
lf, derived from tert-butyl (SI-valinate, affording the 
homoallylic amine 2f (Scheme 2, Table 3). 

(C) ZdCeCls- and ZdSnClz-Mediated Reactions. 
We examined the effect of a catalytic amount of a metal 
salt (MXn) added to the mixture of imines (S)-la,c-e, 
allyl bromide and Zn, and found that anhydrous CeCl3 
and SnC12 gave excellent results (Table 4). The reaction 
rates were enhanced markedly, the reactions with la 
being complete within 10 min, whereas the uncatalyzed 
reactions required '0.5 h for completion (Table 2). 
Furthermore the homoallylic amine 2a was formed with 
perfect diastereoselectivity. 

Again, we observed the extensive epimerization of 2a, 
but not of 2c-e, when quenching of the reaction mixture 
was delayed. By analogy with the uncatalyzed Zn- 

e ZnBr-CeCI, v 

mediated Barbier reactions, the epimerization of 2a was 
suppressed when the SnCl2-catalyzed reaction was per- 
formed in the presence of 0.7 equiv of H20, or when using 
CeC13*7H20. Although the presence of H2O in the salt 
or in the solvent caused the decrease of the reaction rate, 
the reactions were faster than those performed without 
the salt in anhydrous solvent (Table 2). 

The presence of a catalytic amount of CeC13 had a 
dramatic effect in the allylation of the hindered imine 
le, where the chemo- and diastereoselectivity were 
greatly enhanced, by comparison with the corresponding 
uncatalyzed reaction (Table 2). Conversely, the use of 
SnCl2 in the allylation of le provided a more complex 
reaction mixture containing unidentified high-boiling 
products and an  allyltin compound (GC-MS analysis). 

At our knowledge, the combined use of Zn-CeCl3 and 
Zn-SnCl2 in organic synthesis has never been reported, 
so that we examined the possibility for different mecha- 
nisms to be operating in such reactions.26 No redox 
reaction can occur between Zn and CeC13, but Zn should 
be capable to reduce SnC12 to active Sn.23 The interme- 
diacy of allylcerium dichloride and diallyltin dibromide 
as the reactive organometallic species is unlikely, because 
these organometallic compounds were found unreactive 
toward la and le, respectively, by following the "Grig- 
nard" procedure a t  0-25 "C. 

A plausible mechanism of the CeCla-catalyzed, Zn- 
mediated reaction is shown in Scheme 4. The salt 
undoubtedly acts as a Lewis acid, activating the imine 
toward the addition of allylzinc chloride. However, we 
believe that it may have a role in the preliminary 
activation of allyl bromide toward the oxidative addition 
of Zn2 '  The addition of the allyzinc bromide-CeCl3 
complex to the imine 1, or the addition of allylzinc 
bromide to 1-CeC13, should take place through the 
formation of a three component complex, where CeC13 
plays the double role of Lewis acid (Ce toward 1) and 
Lewis base (C1 toward Zn of allylzinc bromide). Then the 
homoallylic amine should be delivered through a cyclic 
six-membered transition state (Scheme 4). This mecha- 
nism is analogous to that proposed by Evans for the metal 

(26) Other M-CeC18 system did not prove as effective as Zn-CeCla 
with la. In fact, no product was obtained by substitution of Zn with 
Al, and the reaction with Al(Hg) was almost complete within 1 h, but 
was plagued by the competitive attack to the ester group. Furthermore, 
by the use of In-CeCla, 2a was obtained with 71% yield and 78:22 dr 
after 8 h. 
(27) Cerium trichloride acted as a Lewis acid in Friedel-Crafts 

reactions of benzyl and alkyl halides: (a) Olah, G. A.; Kobayashi, S.; 
Tashiro, M. J. Am. Chem. SOC. 1972,92, 7448. (b) Mine, N.; Fujiwara, 
Y.; Yaniguchi, H. Chem. Lett. 1986,357. (c) h e r ,  I.; Alper, H. J. Am. 
Chem. SOC. 1989, 111,  927. (d) Grushin, V. V.; Alper, H. Organome- 
tallics 1993, 12, 3846. 
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Scheme 6 

5 6 

salt-catalyzed or -mediated addition of organometallic 
reagents to carbonyl compounds,28 and applied recently 
to rationalize some Ybc13-29 and ceCl~-~O catalyzed reac- 
tions of Grignard reagents. 

On the other hand, the SnCl2-catalyzed, Zn-mediated 
Barbier reaction can proceed through two concomitant 
reactions of Zn: the oxidative addition to allyl bromide, 
affording the reactive allylzinc bromide, and the redox 
reaction with SnC12, producing Sn and ZnClp (eq 1). 
Unreactive allyltin species should be produced in part 
from Sn and allyl bromide. On the other hand, either 
SnC12 and/or ZnClp should be able to activate the imine 
toward the organometallic addition, through the forma- 
tion of a chelated complex, similarly to CeCl3. 

Removal of the Auxiliary Group. Synthesis of 
Primary Homoallylic Amines. In order to confirm the 
stereochemistry assigned to the secondary homoallylic 
amines, as well as  to give synthetic potential to the 
described allylation reactions, we faced the conversion 
of 2a to the optically active primary homoallylic amine 
(SI-6. A two-step procedure to prepare (SI-6 from (S,S)- 
2a has been reported, involving the preliminary basic 
hydrolysis of the ester group, followed by electrochemical 
oxidative decarbo~yla t ion .~~ Alternatively, a multistep 
procedure could be followed from the acid, involving the 
Curtius rearrangement of the corresponding acyl azide 
as the key step.31 However, we did not succeed to find 
satisfactory conditions for the electrochemical decarboxy- 
lation, whereas the other procedure was tedious and 
afforded a modest yield. 

We devised a two-step procedure, consisting of the 
reduction of the ester function with LiAlI-L to afford the 
,&hydroxy amines 6, followed by the oxidative cleavage 
with periodic acid in the presence of methylamine' 
(Scheme 5).  However, after performing the reduction of 
(S,S)-2a with LiAlH4 overnight a t  room temperature, we 
isolated 6 with an  ee consistently lower than the de of 
starting 2a. We realized that in the reduction step the 
intermediate aluminum salt of 6 underwent a retroally- 
lation-allylation reaction, resulting in the epimerization 
of the stereogenic center a to the phenyl group, as 
evidenced by 'H-NMR spec t ro~copy.~~ This interpreta- 
tion was supported also by the observed reversibility of 
the Zn-mediated allylation of (S)-N-benzylidenevalinol.lob 
However, by performing the reduction step of 2a at low 
temperature ( K O  "C), followed by the oxidative cleavage, 

(28) Evans, D. A. Science 1966,240, 420. 
(29) Utimoto, K.; Nakamura, A.; Matsubara, S. J. Am. Chem. SOC. 

1990,112,8189. 
(30) (a) Bartoli, G.; Marcantoni, E.; Petrini, M. Angew. Chem., Znt. 

Ed. Engl. 1993, 32, 1061. (b) Bartoli, G.; Cimarelli, C.; Marcantoni, 
E.; Palmieri, G.; Petrini, M. J. Chem. SOC., Chem. Commun. 1994,715. 

(31) Waldmann, H.; Braun, M. J. Org. Chem. 1992, 57, 4444. An 
anti-Felkin-Anh model was instead proposed to explain the diaste- 
reoseledivity of cycloaddition reactions of If and analogous imines with 
Brassards diene: Waldmann, H.; Braun, M.; Drager, M. Tetruhe- 
dron: Asymmetry 1991,2, 1231. 

(32) When 2a was reduced with LA& at 20 "C overnight, 5 was 
obtained as a 75:25 mixture of (S,S) and (R,S) epimers, as shown by 
the 'H NMR spectrum, where absorptions of (R,S)-8 were observed at 
6 5.22-5.10 (m, CHz=GH), 3.33 (2 d, J = 4.4 and 10.5 Hz, 1 H, CH2- 
OH) and 3.19 (2 d, J = 8.2 Hz and 10.5 Hz, 1 H, CH20H). 
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Figure 1. 

the primary homoallylic amine 6 was obtained optically 
pure in 86% overall yield, avoiding any purification of 
the intermediate 5. 

Stereochemical Models for the Asymmetric In- 
duction. The sense of asymmetric induction in the 
addition of allylmetal species to the imines la-f was 
unaffected by many factors: the nature of the imine (the 
group R), the procedure followed (Grignard or Barbier), 
the nature of the metal in the reactive allylmetal species, 
the presence and the nature of a metal salt, which can 
form a chelated or nonchelated complex with the imine. 
As a matter of fact, the si face of the imine was always 
attacked, although with variable stereoselectivity. 

The stereochemical models which provide explanation 
of the observed diastereoselectivity are shown in Figure 
1. A cyclic chair transition state is envisaged in the 
addition of allylzinc bromide, or any allylmetal com- 
pound, to the imines 1 in the absence of Lewis acid, and 
the maximum stabilization is attained in I, where Zn 
(metal) is coordinated by the ester group and the bulky 
i-Pr group is disposed externally. In the case of reactions 
mediated by a Lewis acid which can form a chelated 
complex with the N and 0 heteroatoms of the imine, the 
stereocontrol is determined by steric factors, as the 
nucleophile adds to the rigid planar structure I1 anti to 
the i-Pr group, may be through a cyclic transition state 
as in Scheme 4.28-30 Conversely, when the organome- 
tallic addition is promoted or catalyzed by BF3 or AlBr3, 
which can link to the imine nitrogen only, the conforma- 
tions IIIA-D, obtained by progressive rotation around 
the N-C* bond, should be considered. The diastereose- 
lectivity could be governed by either steric and stereo- 
electronic factors. In IIIA, where the planar imine and 
ester groups are disposed orthogonally one to eachother, 
the attack of the nucleophile is extremely favored from 
the side of the H substituent, rather than from the side 
of the i-Pr group. 

The Felkin-type models IIIB and IIID allow the 
attainment of the maximum overlap of the n* (C-N) and 
allylic u* (i-Pr-C* and Me02C-C*, respectively) orbitals, 
so lowering the energy of the LUMO of the imine and of 
the transition state for the nucleophilic addition, accord- 
ing to the Anh-Eisenstein rationale for the asymmetric 
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induction in nucleophilic addition to a-chiral carbonyl 
compounds.33 In IIIB the stereodifferentiation is a 
consequence of the bulkiness of the i-Pr group, which 
then occupies the orthogonal position and dictates the 
anti addition of the nucleophile, which interacts with the 
small H group. However, the conformation IIID is also 
appealing, owing to the low-lying a* orbital of the C*- 
COzR bond, but the observed sense of asymmetric 
induction is not in accord with the expected anti addition 
of the nucleophile. Instead, it may be conceived that the 
nucleophilic addition occurs syn to the C02R group. In 
fact, it  has been calculated that secondary orbital inter- 
actions facilitate the syn addition of hydride ion to C1 of 
propene (with respect to the allylic C-H bond).34 Fur- 
thermore, syn addition of the nucleophile to the C=N 
bond of IIID proceeds through a transition state and 
gives an  adduct in which the (developing) nitrogen lone 
pair has the preferred anti relationship with respect to 
the electron-withdrawing allylic substituent. Similar 
arguments, based on a b  initio calculations, have been 
advanced to rationalize the syn stereochemistry of S N ~ '  
allylic substitution reactions, and the favored syn ster- 
eochemistry for nucleophilic addition reactions was pre- 
dicted 

The structural feature of the valine auxiliary group 
does not allow the easy empirical rationalization of the 
diastereoselectivity. The anti-periplanar attack with 
respect to an  allylic orthogonal substituent a t  the chiral 
center is generally assumed, but the choice of the 
orthogonal group is a matter of controversy. For ex- 
ample, in a Lewis acid-catalyzed addition of Danishef- 
sky's diene to la  the Felkin-Anh model with orthogonal 
COzR' group has been proposed.31 Conversely, in the 
epoxidation of a-chiral alkenes (R*CH=C) having the 
carbon framework (R*) of methyl valinate (R*NHz), 
preference was given to the model with orthogonal i-Pr 

On the other hand, the syn addition to the 
orthogonal electron-withdrawing substituent (C02R) has 
never been considered a plausible alternative. 

Finally, it should be noted that several authors prefer 
to explain the 1,3-asy"etric induction in addition 
reactions to chiral imines or iminium ions simply by 
evaluating the ground state conformation of the sub- 
strate, which generally possesses an allylic H-C* bond 
in the plane of the C=N bond and assuming the approach 
of the reagent to the least hindered face.36 On this 
ground, the preferred conformation of the imine 1 should 
be IIIC (Figure 1) and the allylmetal compound should 
attack the C=N bond from below the plane. However, 
in our opinion the high degree of diastereoselectivity 
observed in the allylation of the valine-derived imines 
la-f can be hardly explained by this model, based 
merely on the different steric properties of the i-Pr and 
COzR groups. 

Basile et al. 

(33) (a) Nguyen, T. A.; Eisenstein, 0. Nouv. J.  Chim. 1977, 1 ,  61. 
(b) Nguyen, T. A. Top. Curr. Chem. 1980, 88, 145. (c) Houk, K. N.; 
Wu, Y.-D. J.  Am. Chem. SOC. 1987, 109, 908. (d) Lodge, E. P.; 
Heathcock, H. C. J.  Am. Chem. SOC. 1987, 109, 3353. 
(34) (a) Caramella, P.; Rondan, N. G.; Paddon-Row, M. N.; Houk, 

K. N. J .  Am. Chem. SOC. 1981, 103, 2438. (b) Houk, K. N.; Paddon- 
Row, M. N.; Rondan, N. G. J. Mol. Struct. 1983, 103, 197. See also: 
Seebach, D.; Calderari, G.; Knochel, P. Tetrahedron 1985, 41,  4861. 
(35) Matsumoto, T.; Terao, H.; Ishizuka, N.; Usui, S.; Nozaki, H. 

Bull. Chem. SOC. Jpn. 1992, 65, 1761. 
(36) For example, see: (a) Polniaszek, R. P.; McKee, J. A. Tetrahe- 

dron Lett. 1987,28, 4511. (b) David, D. M.; Kane-Maguire, L. A. P.; 
Pyne, S. G. J .  Chem. Soc., Chem. Commun. 1990, 888. (c) David, D. 
M.; Kane-Maguire, L. A. P.; F'yne, J. Organomet. Chem. 1990, 390, 
C6. (d) Abraham, H.; Stella, L. Tetrahedron 1992, 48, 9707. 

Concluding Remarks and Perspectives 

The study performed on the Grignard and Barbier 
allylation of imines derived from esters of (SI-valine 
allowed determination of the optimum conditions for 
perfect chemo- and diastereoselectivity. The secondary 
homoallylic amine derived from the benzaldimine is 
easily converted by a two-step sequence to optically pure 
(8)-1-phenyl-3-butenamine. The overall process demon- 
strates the usefulness of the valine esters as chiral 
auxiliaries in the addition of allylmetal compounds to the 
derived chiral imines. Therefore, it should be desirable 
to develope efficient procedures for the addition of other 
organometallic species (alkyl, vinyl, aryl, alkynyl) to the 
same imines. The problem is again to conciliate reactiv- 
ity and chemoselectivity. At the moment, we have 
performed only a few experiments on la  by using an  
excess of methylcopper and dimethylcuprate species in 
the presence of BF3, as these reagents reacted satisfac- 
torily with imines derived from (S)-l-phenylethanamir~e;~~ 
however, we recovered la  unchanged or obtained with 
very poor yield unidentified, nonisolated products. 

,&Amino alcohols derived from a-amino acids can be 
used as an  alternative to valine esters as chiral auxilia- 
ries, especially allowing the use of very reactive organo- 
metallic reagents not compatible with the ester function. 
In the preliminary communicationlob we have described 
that the reaction of the benzaldimine derived from (5')- 
valinol with the allyl bromide-Zn-CeC13-7H20 system 
afforded 6 with 100% diastereoselectivity, although the 
reaction required approximately 24 h for completion. On 
the other hand, a lower stereocontrol was obtained on 
the benzaldimine derived from (8)-phenylglycinol (un- 
published results). Further work is in progress an this 
matter. 

Experimental Section 
IR spectra of neat compounds are expressed by wavenumber 

(cm-'). Optical rotations were measured on a digital polarim- 
eter in methanol solution in a 1-dm cell. Chemical shift of 
'H-NMR spectra taken at 300 MHz in CDCl3 are indicated as 
s, singlet; t, triplet; q, quartet; m, multiplet; br, broad peak. 
GC-MS analyses were performed at an ionizing voltage of 70 
eV. Melting points are uncorrected. Chromatographic puri- 
fication was done with 240-400 mesh silica gel. 

The organometallic reactions were performed in flame-dried 
apparatus in Ar atmosphere. Solvents were distilled in Ar 
atmosphere prior to use: THF over Na-PhzCO ketyl and 
successively over LiAlH4, and CH2Clz over PzO5. The imine 
la  and the amine 2a are known compounds,48 but their 
spectroscopic properties have not been previously described. 

General Protocol for the Preparation of Imines. To a 
solution of methyl (S)-valinate hydrochloride (50 mmol) in THF 
(50 mL) at 0 "C was added anhydrous MgS04 (10 g), the 
aldehyde (50 mmol), and triethylamine (50 mmol), and the 
mixture was stirred by a magnetic bar for 3 h. The solid phase 
was filtered off and the organic solvent was evaporated under 
reduced pressure. Anhydrous pentane (10 mL) was added to  
the residue, and the eventually formed precipitate was filtered 
off. The filtrate was concentrated at reduced pressure to leave 
the crude imine, which was obtained generally in almost 
quantitative yield and in pure state, as inferred by GC-MS 
and 'H-NMR analyses, presumably with E geometry. The 
imines were immediately used in the subsequent reaction. 
Only 2a (for analytical purpose) and 2d (owing to  the presence 
of high boiling condensation products in consistent amounts) 
were distilled at reduced pressure. 

Methyl iV-Benzylidene-(S)-valinate (la): bp 96-98"/0.02 
mmHg; [aIz6~ -126.8" (c 2.18, MeOH); IR 1640; 'H-NMR 6 8.25 

(37) Boga, C.; Savoia, D.; Umani-Ronchi, 'A. Tetrahedron: Asym- 
metry 1990, I, 291. 



Enantioselective Synthesis of Homoallylic Amines 

(s, l ) ,  7.80 (m, 2), 7.43 (m, 3), 3.76 (s, 31, 3.67 (d, J = 7.2 Hz, 
l), 2.39 (m, l), 0.97 and 0.93 (2 d, J = 6.7 Hz, 6); GC-MS m / z  
(relative intensity) 160 (loo), 204 (2). 

Grignard Allylation of Imines. Preparation of Methyl 
N-[(4s)-4-Phenylbut-l-en-4-yl)l-(S)-val~~ (2a). (A) Re- 
action of la  with Allylcopper. To a suspension of CUI 
(99.999%, 0.47 g, 2.5 mmol) in THF (10 mL), cooled at -30 "C 
and stirred magnetically, was added allylmagnesium chloride 
(2 M in THF, 1.25 mL, 2.5 mmol). A yellow precipitate was 
formed. After 15 min the stirred mixture was cooled at -78 
"C, then the solution of la  (0.219 g, 1 mmol) in THF (3 mL) 
was added over 10 min. The mixture was stirred for 30 min 
and then quenched with 10% aqueous NaOH (5 mL). The 
organic phase was extracted with Et20 (20 mL x 31, washed 
with brine, dried over NazS04, and concentrated at reduced 
pressure to leave 2a as an oil (0.256 g, 96% pure, dr 98:2 by 
GC-MS analysis). Flash-chromatography (cyclohexane-EtzO, 
80:20) afforded pure (S,S)-2a (0.205 g, 78%): [a Iz5~ -113.5" 
(c  2.98, CHzClZ); 'H-NMR 6 7.2-7.4 (m, 5), 5.85-5.68 (m, 11, 
5.20-5.08 (m, 21, 3.72 (s, 3, COzMe), 3.56-3.48 (m, l), 2.80 
(d, J = 6.1 Hz, 1, CHCOZMe), 2.48-2.26 (m, 2), 1.98 (br, 11, 
1.90-1.76 (m, l), 0.92 and 0.87 (2 d, J = 6.7 Hz, 6); GC-MS 
m l z  (relative intensity) 220 (1001, 160 (54). Anal. Calcd for 
C1&3N02: C, 73.53; H, 8.87; N, 5.36. Found: C, 73.39; H, 
9.00; N, 5.37. By stirring a solution of (S,S)-2a with anhydrous 
ZnClz (0.1 equiv) in THF, almost racemic 2a was obtained; 
from the 'H-NMR spectrum the absorption of the CHCOzMe 
protons of (R,S)-2a were determined at 6 3.50 (s) and 3.04 (d). 

(B) Reaction of la with Allyllead Bromide and BF3. 
To a suspension of PbBrz (0.92 g, 2.5 mmol) in THF (5 mL), 
cooled at -78 "C and stirred magnetically, was added allyl- 
magnesium chloride (2 M in THF, 1.25 mL, 2.5 mmol). After 
30 min, BF3-Et20 (0.12 mL, 1 mmol) and a solution of la  
(0.219 g, 1 mmol) in THF (3 mL) were added. The mixture 
was stirred at -78 "C for 5 h, quenched with 10% aqueous 
NaOH, and analyzed by GC-MS spectroscopy. 

(C) Reaction of la  with Triallylbismuth and BF3. To 
a suspension of BiC13 (0.42 g, 2 mmol) in THF (10 mL), cooled 
at -78 "C and stirred magnetically, was added allylmagnesium 
chloride (2 M in THF, 3 mL, 6 mmol). The reaction mixture 
was stirred for 30 min, and then BF3-Et20 (0.12 mL, 1 mmol) 
and a solution of la  (0.219 g, 1 mmol) in THF (3 mL) were 
added. The reaction mixture was stirred for 12 h at -40 "C, 
quenched with 10% aqueous NaOH, and analyzed by GC-MS 
spectroscopy. 

(D) Reaction of l a  with Allylaluminum Sesquibro- 
mide. Allylaluminum sesquibromide was prepared as de- 
scribed previ~usly'~ by stirring a suspension of finely cut Al 
foil (0.054 g, 2 mmol), allyl bromide (0.364 g, 3 mmol), and 
HgClz (0.054 g, 0.2 mmol) in Et20 (10 mL). The solution was 
cooled at -78 "C, and la (0.219 g, 1 mmol) was added. After 
stirring for 1.5 h at -78 "C, the reaction was quenched with 
10% NaOH and analyzed by GC-MS spectroscopy. 

Barbier Allylation of Imines. (A) Zinc-Mediated Re- 
actions. General Procedure. To a suspension of Zn powder 
(0.13 g, 2 mmol) in THF (3 mL), stirred magnetically and 
cooled with an ice bath, was added CeC13.7HzO (0.037 g, 0.1 
mmol) and then a solution of the imine (1 mmol) and allyl 
bromide (0.182 g, 1.5 mmol) in THF (3 mL) was added. The 
same procedure was applied as well in the absence of the salt. 
The reactions in the presence of anhydrous salts were carried 
out as follows. The salts (ca 0.1 mmol) were dried and weighed 
in the same apparatus used for the subsequent reaction: SnC1, 
was heated in U ~ C U O  at 120 "C for 30 min, and anhydrous CeCl3 
was obtained by heating CeC13.7Hz0 at 150 "C for 2 h. To the 
salt was added THF (3 mL), Zn, and the organic reagents as 
above. The progress of the reactions was followed by GC-MS 
analysis, and after usual quenching and workup the products 
were isolated generally in quantitative yield with satisfactory 
purity for subsequent use. Only for analytical purpose the 
products were purified by flash-chromatography on Si02 
(cyclohexane-EtzO). 

Methyl N-[4(S)-4-(4'-Methoxyphenyl)but-l-en-4-yll-(S)- 
valinate (2b): lH-NMR 6 7.22 and 6.84 (2 d, J = 7.3 Hz, 4), 
5.80-5.65 (m, l), 5.17-5.05 (m, 2),3.80 (s,3), 3.70 (s, 31,352- 
3.43 (m, l), 2.77 (d, J = 6 Hz, 11, 2.42-2.24 (m, 2), 1.88-1.75 
(m, 1); 0.90 and 0.84 (2 d, J = 6.6 Hz, 6); GC-MS mlz  (relative 
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intensity) 250 (loo), 161 (48), 190 (48). Anal. Calcd for C17H25- 

4.80. 
Methyl N-[(4s)-4-(3-Pyridyl)but-l-en-4-yll-(S)-v~ate 

(24: 'H-NMR 6 8.48 (m, 2), 7.65 (m, l), 7.22 (m, l), 5.77- 
5.60 (m, l), 5.12-5.04 (m, 2), 3.55-3.46 (m, l), 2.68 (d, J = 
5.8 Hz, l), 2.40-2.25 (m, 2), 1.87-1.73 (m, 11, 0.86 and 0.81 
(2 d, J = 6.6 Hz, 6); GC-MS mlz  (relative intensity) 221 (loo), 
161 (72), 203 (15). Anal. Calcd for C15HzzNzOZ: C, 68.67; H, 
8.45; N, 10.68. Found: C, 68.51; H, 8.47; N, 10.70. 

Methyl N-[(4R)-l-Nonen-4-yl)]-(S)-valinate (2d): 'H- 
NMR 6 5.87-5.65 (m, 11, 5.18-5.0 (m, 21, 3.70 (s, 31, 3.08 (d, 
J = 9.2 Hz, l),  2.5-1.78 (m, 5), 1.5-1.2 (m, 8), 1.05-0.85 (m, 
9); GC-MS mlz  (relative intensity) 214 (loo), 154 (401, 196 
(13), 184 (8). The (R,S) diastereoisomer gave absorption at 6 
3.00 (d) for the CHCOzMe proton. Anal. Calcd for C15H29- 
NOz: C, 70.71; H, 11.43; N, 5.49. Found: C, 70.84; H, 11.41; 
N, 5.51. 

Methyl N-[(4S)-S-Methylhex-l-en-4-yl)l-(S)-valinate 
(2e): lH-NMR 6 5.80-5.65 (m, l), 5.16-5.0 (m, 2), 3.68 (s, 3), 
3.00 (d, J = 6.1 Hz, 11, 2.20-2.05 (m, 3), 1.85-1.65 (m, 21, 
0.94, 0.90, 0.86, and 0.85 (4 d, J = 6.9 Hz, 12); GC-MS mlz  
(relative intensity) 186 (1001,126 (691,184 (601,168 (20). The 
minor diastereoisomer (S,S)-2e showed an absorption at 6 3.04 
(d, J = 6.1 Hz) for the CHCOzMe proton. Anal. Calcd for C13- 
Hz5NO2: C, 68.63; H, 11.09; N, 6.17. Found: C, 68.70; H, 
11.10; N, 6.15. 

(B) AVPbBrz-Mediated Reactions. General Procedure. 
Preparation of tert-Butyl N-[(BS)4-Phenylbut- 1-en-4.~11- 
(5')-valinate (20. To the stirred suspension of finely cut Al 
foil (0.054 g, 2 mmol) and PbBrz (0.036 g, 0.1 mmol) in THF 
(5 mL) was added If (0.261 g, 1 mmol) and allyl bromide (0.13 
mL, 1.5 mmol). After stirring for 12 h and usual workup, the 
crude product was flash-chromatographed on a short column 
of Si02 (cyclohexane-EtzO, 80:20) to obtain (S,S)-2f as an oil 
(0.258 g, 86%): IR 1720; lH-NMR 6 7.4-7.2 (m, 51, 5.85-5.70 
(m, l), 5.20-5.07 (m, 2), 3.59-3.51 (m, l), 2.63 (d, J =  6.1 Hz, 
l), 2.45-2.28 (m, 2), 2.0 (br, l), 1.88-1.75 (m, 11, 1.5 (9, 9), 
0.92 and 0.87 (d, J = 6.7 Hz, 6); GCMS m / z  (relative intensity) 
72 (loo), 131 (891, 206 (78), 91 (711, 160 (50). Anal. Calcd for 
C19HzgNOz: C, 75.21; H, 9.63; N, 4.62. Found: C, 75.22; H, 
9.63; N, 4.61. 

Preparation of (S)-l-Phenyl-3-butenamine (6). To the 
stirred suspension of LiAlH4 (0.767 g, 2 mmol) in THF (5 mL), 
cooled at -5 "C, was added during 15 min a solution of (S,S)- 
2a (0.261 g, 1 mmol) in THF (3 mL). After stirring for 1 h at 
-5-0 "C, the mixture was quenched with 10% aqueous NaOH 
and further stirred for 15 min. After usual workup, 5 was 
obtained as an oil (0.219 g, 98%): 1H-NMR32 6 7.40-7.22 (m, 
5), 5.80-5.65 (m, l), 5.12-5.0 (m, 2), 3.75 (t, l), 3.63 and 3.39 
(2 dd, J = 4.2 Hz, J = 10.6 Hz, 2), 2.55-2.35 (m, 21, 2.28 (m, 
l), 1.71 (m, l), 1.44 (s, 2), 0.89 and 0.84 (2 d, J = 6.9 Hz, 6); 
GC-MS m/z (relative intensity) 192 (1001, 131 GO), 91 (501, 
202 (20). To a solution of 5 (1.90 g, 8.2 mmol) in MeOH (50 
mL) was added 40% aqueous MeNHz (7 mL) and I35106 (6.75 
g, 29.6 mmol) dissolved in HzO (10 mL). The mixture was 
stirred magnetically over 1 h, 10% aqueous NaOH (25 mL) 
was added, MeOH was removed at reduced pressure, and the 
organic phase was extracted with Et20 (20 mL x 3). Drying 
and concentration afforded crude (S)-6 (1.065 g, 88%), '99% 
pure by GC-MS analysis: [aIz5~ -42" (c 0.5, CHzC12) (lit.48 
[a Iz2~ 44.6", probably owing to a typographical error); 'H-NMR 
6 7.40-7.20 (m, 51, 5.85-5.68 (m, 11, 5.18-5.03 (m, 2), 3.99 
(m, 11, 1.60 (br, s); GC-MS mlz  (relative intensity) 106 (1001, 
79 (34), 77 (16). The N-Boc derivative of (SI-6 was prepared 
in 91% yield by the reported pr~cedure:~ mp 70 "C; [aIz5~ -48.4" 
(c 1, CHC13) (lit.5 [ a I z 2 ~  -48.4" (C 1, CHCl3). 

NOa: C, 70.07; H, 8.65; N, 4.81. Found: C, 70.31; H 8.63; N, 
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