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Summary. The diastereofacial selective "imine-ene" reactions with a-imino 
esters, prepared from (-)-8-phenylmenthyl glyoxylate, are shown to provide 
an efficient entry to the asymmetric synthesis of a-amino acids. The feasibility 
study of the asymmetric catalysis is also reported on the enantiofacial selec- 
tive ene reactions with prochiral a-imino esters. 
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Introduction 

The asymmetric synthesis of not only proteinogenic but also nonpro- 
teinogenic a-amino acids has become an area of great interest because 
of the  advent of peptide-derived chemotherapeutics (Barrett, 1985; 
Greenstein et al., 1984; Spatola, 1983; Wagner et al., 1983; Altenbach, 1991; 
Williams, 1989). The asymmetric ene reaction (Mikami, 1995, 1992; Snider, 
1991) with a-imino ester as a glycine equivalent should constitute a direct 
and versatile entry to the asymmetric synthesis of a-amino acids, if the C-C 
bond formation takes place regioselectively at the imino carbon. Indeed, in 
some intramolecular cases, the "imine-ene" reactions take an alternative 
course with formation of C-N bonds (Koch et al., 1983, 1986). Furthermore, 
intermolecular imine-ene reactions have been so far restricted to achiral 
cases (Tschaen, 1984, 1982; Achmatowicz, 1981; Hayashi, 1990). We now 
wish to report the first example of the asymmetric intermolecular imine- 
ene reactions with chiral a-imino esters and the feasibility study of the 
asymmetric catalysis of imine-ene reactions with prochiral a-imino esters 
(Scheme 1). 
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Material  and methods  

1H and ~3C NMR were measured on a Varian Gemini 300 (300MHz) spectrometer. 
Chemical shifts of ~H NMR were expressed in parts per million downfield from 
tetramethylsilane as an internal standard ((5 = 0) in CDC13. Significant 1H NMR data were 
tabulated in the following order: multiplicity (s: singlet; d: doublet; t: triplet; q: quartet; bs: 
broad singlet; m: multiplet). Chemical shifts of 13C NMR were expressed in parts per 
million in CDC13 as an internal standard ((5 = 77.1). 

The lewis acid-promoted irnine-ene reaction 

To a solution of the a-imino ester (1retool) in 5ml of dichloromethane at -78°C was 
added a 1M dichloromethane solution of Lewis acid (1 ml) and stirred for 30rain at room 
temperature. To this mixture at -78°C was added olefin (3retool). The mixture was 
quenched with sat. sodium bicarbonate. The aqueous layer was extracted with ethyl 
acetate and the combined organic layer was dried over anhydrous magnesium sulfate. 
Removal of the organic solvent in vacuo gave the crude product. Purification by silica gel 
chromatography gave the ene product. 

la  (2R): ~H NMR (CDC13, TMS) 6 1.33 (d, J = 6.6Hz, 3H), 1.72 (s, 3H), 2.35 (d, J - 
7.2Hz, 2H), 3.48 (t, J = 7.2 Hz, IH), 3.49 (s, 3H), 3.76 (q, J = 6.6Hz, 1H), 4.47 (s, 1H), 4.79 
(s, 1H), 7.15-7.33 (m, 5H). '3C NMR (CDC13) (5 22.3, 23.2, 42.2, 54.5, 57.2, 58.5, 114.0, 
127.3,127.5, 128.6, 141.9, 145.7, 175.8. 

lb (2R): IH NMR (CDC13, TMS) (5 1.50 (d, J = 6.6 Hz, 3H), 1.69 (s, 3H), 1.95 (bs, 1H), 2.38 
( d ,  J = 7.1Hz, 2H), 3.59 (s, 3H), 3.61 (t, J = 7.1Hz, 1H), 4.66 (q, J = 6.6Hz, 1H), 4.75 (s, 
1H), 4.80 (s, 1H), 7.45-7.54 (m, 3H), 7.64, (d, J = 7.1Hz, 1H), 7.74 (d, J = 8.0Hz, 1H), 
7.85 (d, J = 8.4Hz, 1H), 8.20 (d, J = 8.0Hz, 1H). 13C NMR (CDC13) (5 22.0, 22.2, 41.9, 51.5, 
57.8, 113.6, 123.0, 123.3,125.3,125.6, 125.8, 127.5,128.9, 131.0, 133.9, 140.8, 141.5, 175.3. 

lc (2S): 1H NMR (CDC13, TMS) (5 0.89, (d, J = 6.8Hz, 6H), 1.70 (s, 3H), 1.78-2.01 (m, 
2H), 2.28 (dd, J = 8.7, 13.7Hz, 1H), 2.38 (dd, 5.9, 13.7Hz, 1H), 3.04 (d, J = 5.8Hz, 1H), 
3.33 (dd, J = 5.9, 8.7Hz, 1H), 3.66 (s, 6H), 4.78 (s, 1H), 4.83 (s, 1H). 13C NMR (CDC13) (5 
18.4, 19.0, 21.5, 31.7, 41.8, 51.6, 51.9, 57.8, 65.3, 114.6, 141.4, 174.9, 175.4. 

ld (2S): 1H NMR (CDC13, TMS) (5 1.57 (s, 3H), 2.35-2.40 (m, 2H), 3.20 (dd, J = 6.2, 
8.2Hz, 1H), 3.67 (s, 3H), 3.71, (s, 3H), 4.44 (s, 1H), 4.78 (s, 1H), 4.84 (s, 1H), 7.29-7.36 
(m, 5H). ~3C NMR (CDC13) (5 21.8, 41.7, 51.8, 52.4, 56.1, 63.2, 114.2, 127.9, 128.5, 128.6, 
137.4, 141.0, 172.4, 174.6. 

le  (2S): ~H NMR (CDC13, TMS) (5 0.90 (d, J = 6.6Hz, 3H), 1.20 (s, 3H), 1.31 (s, 3H), 1.65 
(s, 3H), 0.81 -2.17 (m, 10H), 2.41 (brs, 1H), 3.28 (dd, J = 3.6, 8.2 Hz, 1H), 4.68 (s, 1H), 4.79 
(s, 1H), 4.88 (dt, J = 4.3, 10.THz, 1H), 7.10-7.35 (m, 5H). 13C NMR (CDC13) (5 21.7, 22.2, 
22.8, 26.2, 29.6, 31.2, 34.4, 39.3, 41.5, 42.2, 50.2, 68.2, 75.6, 113.4, 125.1,127.9, 141.0, 151.7, 
174.1. 

If  (2S): ~H NMR (CDC13, TMS): (5 0.73-2.31 (m, 8H), 0.82 (d, J = 6.6Hz, 3H), 1.08 (s, 
6H), 1.52-2.22 (m, 10H), 2.41 (s, 3H), 3.50 (dt, J = 5.3, 8.7Hz, 1H), 4.47 (d,J  = 8.7Hz, 
1H), 4.56 (ddm, J = 4.1, 10.7Hz 1H), 5.32 (s, 1H), 7.15-7.30 (m, 5H), 7.28 (d, 2H), 7.71 
(d, J = 8.4Hz, 1H). ~3C NMR ( C O G 1 3 ) :  (5 21.6, 21.8, 22.1, 22.7, 23.9, 25.3, 26.5, 27.9, 28.7, 
31.2, 34.6, 39.4, 40.9, 42.0, 50.0, 54.2, 76.9, 125.2, 126.1, 127.3, 128.3, 129.6, 132.4, 137.7, 
143.3, 151.0, 157.6, 170.1. 
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If  (2R): ~H NMR (CDC13, TMS): d 0.73--2.30 (m, 8H), 0.81 (d, J = 6.5Hz, 3H), 1.16 (s, 
3H), 1.24 (s, 3H), 1.50-2.21 (m, 10H), 2.41 (s, 3H), 3.66 (dt, J - 4.6, 9.1Hz, 1H), 4.61 (d, 
J = 8.2Hz, 1tt), 4.64 (ddm, .l = 5.6, 10.7Hz, 1H), 5.4(/(s, 1H), 7.10-7.32 (m, 5H), 7.29 (d, 
2H), 7.69 (d, .I = 8.4Hz, 1H). '3C NMR (CDCl3): (~ 21.8, 22.1, 22.6, 22.7, 25.3, 26.5, 27.0, 
27°4, 27.7, 31.3, 34.5, 40.0, 40.6, 41.1, 49.7, 54.3, 77.4, 125.5, 126.6, 127.4, 128.2, 129.6, 131.9, 
137.5, 143.0, 151.1,157.6, 171.1. 

The imine-ene reaction catalyzed by (R)-BINOL-derived titanium complex 

To a suspension of molecular sieves (MS 4A, activated powder) (250rag) in 
dichloromethane (1.5mL) was added (R)-BINOL-derived titanium complex (21.5mg, 
0.05retool) at room temperature. After stirring for 5rain, a solution of iminoacetate 
(0.5retool) in dichloromethane (0.5mL) and then olefin (0.75retool) was added to the 
mixture at the indicated temperature. After stirring for 10h at that temperature, ether 
(2mL) and sat. sodium bicarbonate (2mL) was added to the mixture. MS 4A was filtered 
off through a pad of Celite and the filtrate was extracted with ethyl acetate three times. 
The combined organic layer was washed with brine, dried over anhydrous magnesium 
sulfate, and evaporated under reduced pressure. Chromatographic separation by silica gel 
gave the product. 

5a: IH NMR (CDCI~, TMS): d 1.49 (m, 4H), 1.75 (bs, 2H), 1.94 (bs, 2H), 2.28 (d, .l = 
6.8Hz, 2H), 2.42 (s, 3H), 3.50 (s, 3H), 3.99 (dt, J = 8.2, 6.2Hz, 1H), 5.03 (d, J = 8.2Hz, 
1H), 5.43 (s, 1H), 7.29 (d, J - 9.09Hz, 2H), 7.72 (d, J -- 8.0Hz, 2H). '3C NMR (CDC13): 
0 21.6, 22.1, 22.7, 25.4, 27.9, 42.0, 52.3, 54.4, 126.7, 127.3, 129.5, 131.7, 136.7, 143.5, 172,1. 

5b: 'H NMR (CDCI> TMS): d 1.12 (t ,J = 7.2Hz, 3H), 1.50 (m, 4H), 1.80 (m, 2H), 1.93 (bs, 
2H), 2.29 (m, 2H), 2o41 (s, 31t), 3.92 (q, 2H), 3.97 (m, 1H), 5.10 (d, .1 - 5.9Hz, IH), 5.43 
(s, 1H), 7.27 (d, J = 8.4Hz, 2H), 7.72 (d, ,I - 8.4 Hz, 2H).~3C NMR (CDC13): c~ 13.9, 21.5, 
22.0, 22.6, 25.3, 27.8, 42.1,54.4, 61.4, 1265, 127.3, 129.5, 131.9, 136.9, 143.5, 171.7. 

Sc: IH NMR (CDC[3, TMS): d 1.62 (m, 4H), 1.90 (m, 2H), 2.04 (m, 2H), 2.43 (m, 2H), 3.79 
(s, 3H), 4.32 (m, 1H), 5.55 (bs, 1H), 5.66 (d, .1 -- 28.6Hz, IH). 

Sd: 'H NMR (CDC13, TMS): 0 1.27 (t ,J = 7.1Hz, 3H), 1.59 (m, 4H), 1.82 (m, 2H), 1.92 (m, 
2H), 2.40 (m, 1H), 4.16 (q,.l = 7.1Hz, 2H), 4.18 (m, 1H), 5.47 (bs, 1H), 5.58 (d, .l = 8.5 Hz, 
1H). 

Resul t s  and discuss ion 

Diastereo[acial selective reactions with chiral glyoxylate-derived 
a-irnino esters 

First  of all, a t t e m p t e d  reac t ions  of  i sobu tene  wi th  a - i m i n o  esters,  p r e p a r e d  in 
situ in the  p r e sence  of  mo lecu l a r  sieves (MS 4A)  f rom achiral  glyoxylates  and  
(R) -a ry le thy lamine ,  were  f o u n d  to give i n d e e d  the  im ine -ene  p roduc t s  wi th  
f o r m a t i o n  of C-C bonds ,  us ing an a p p r o p r i a t e  Lewis  acid such as SnC14 or  
TiC14. All  the  ene  reac t ions  p re fe ren t ia l ly  a f fo rded  D(R)-a-amino esters  (en- 
tries 1-~4) (Mikami  et  al., 1993), excep t  wi th  EtA1C12 to p rov ide  N-e thyl  
p roduc t .  Of  in teres t  is ( R ) - n a p h t h y l e t h y l i m i n e  to p rov ide  h igher  D(R)- 
select ivi ty ( Y a m a m o t o  et al., 1986) bu t  lower  chemica l  yield (en t ry  5). 

T h e  reac t ions  with imines  de r ived  f r o m  (S)--(z-amino esters a f fo rded  
h igher  bu t  still insuff icient  level of  d ias tereofac ia l  select ivi ty a long wi th  
be t t e r  chemica l  yield (entr ies  6- -8) .  a - T r i f l u o r o m e t h a n e s u l f o n y l o x y  esters  
have  b e e n  used  in the  reac t ion  wi th  amines  to give the  chiral  a - a m i n o  acids 
w i thou t  ser ious  r acemiza t ion  ( E f f e n b e r g e r  et al., 1983). Thus ,  the  L(S)- 
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s t e reochemis t ry  of  the  ma jo r  d i a s t e r e o m e r  was d e t e r m i n e d  af ter  hydrogena-  
t ion th rough  compar i son  with an au thent ic  L(S) - leuc ine  der iva t ive  ob t a ined  
with 2S-a - t r i f l uo rome thanesu l fony loxy  isovalerate .  The  sense  of  a symmet r i c  
induc t ion  thus d e t e r m i n e d  is exact ly  the  same  as r e p o r t e d  for  the  reac t ion  of  
allylic meta ls  (Tanaka ,  1990; B o c o u m ,  1991) w h e r e  the  S-amino  esters  pro-  
duce  the  L(S)-chiral i t ies .  

Significantly, ( - ) - 8 - p h e n y l m e n t h o l  (Whitesel l ,  1992, 1982; Corey ,  1975; 
Oppo lze r ,  1981; Y a m a m o t o ,  1988; Mikami ,  1991) der ived  a - imino  esters  we re  

N -P ~ H-N'P H.N.P 

0 CH2CI 2 0 0 
L(S)-I D (R)-I 

Fig. 1 

O + ~ SnCI4 R*O O ~  
R*O i] H @  MS 4A, 0°C{ 

0 CH2CI2 0 (S)-2 

TsNHBoc B°C'N"Ts ~ ~ I1~ " I N " T s  
PPh3,DEAD = TFA 

(37%) ~ R * O ~  (100o/o; R*O 
I I  O D (R)-lf o (R)-3 (>96% de) 

Scheme 2 

Table 1. Asymmetric imine-ene reaction with glyoxylate-delived a-imino esters a 

Entry R P MLn Temp (°C) % Yield L (2S) : D (2R) 

la Me CH(Ph)CH3 MeA1C12 20 22 45 : 55 
2a MeAI(OTf)2 20 33 35 : 65 
3a SnC14 20 61 30 : 70 
4a TiC14 -78  21 20 : 80 
5b CH(Np)CH 3 13 15 : 85 
6c CH(pri)CO2Me -30  76 80 : 20 
7c -78  40 85 : 15 
8d CH(Ph)CO2Me -30  82 72 : 28 
9e b Ph Bn TiC14 20 21 88 : 12 

10e b SnC14 20 32 90 : 10 
l l e  c 20 76 97 : 3 
12f d Ts 0 60 >99 : <1 

aUnless otherwise marked, the ene reaction was carried out using the isolated imine and 
an excess (ca. 2eq) of isobutene, bVia the in situ preparation of imine, cVia the in situ 
preparation of imine in the presence of SnC14 (leq).  dMethylenecyclohexane was used 
instead of isobutene. For the preparation of imine see: Hamley et al., 1991. 
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Fig. 2 

found to exhibit remarkably high diastereofacial selectivity along with high 
chemical yield (entries 11-12).  The L(S)-stereochemistry of the major 
diastereomer was determined through comparison with an authentic D(R)- 
diastereomer obtained from (-)-8-phenylmenthyl (S)-trifyloxyester, which 
was obtained via the "carbonyl-ene" reaction (-)-8-phenylmenthol-derived 
glyoxlate (Scheme 2). 

Induction of L(S)-chirality in the imine-ene reactions of (-)-8- 
phenylmenthol-derived a-imino esters indicates that the syn-chelation (A) is 
also favorable with a-imino esters. Thus, olefins presumably attack the imine 
carbon from the si-face, since the phenyl group blocks the attack from the re- 
face (A). 

Asymmetric catalysis of enantiofacial selective reactions with prochiral 
a-imino esters 

Next, we examined the asymmetric catalysis of imine-ene reactions with 
prochiral a-imino esters by using chiral binaphthol-derived titanium (BINOL- 
Ti) complex. Glyoxylate-imines having sulfonyl groups as the N-substituent 
were investigated as a-imino esters since those were considered to show high 
ene-reactivity (Table 2). 

The reaction was carried out by adding an olefin and freshly prepared 
imine to the solution of the chiral BINOL-Ti complex at room remperature. 
Though the yield was very low, the imine-ene product was obtained along 
with the glyoxylate-ene product presumably because of decomposition of 
imines to glyoxlate. The enantiomeric excess of imine-ene product were ex- 
tremely low, in spite of the high enantiomeric excess of the glyoxylate-ene 
product. 

We then examined the imine-ene reaction under both thermal (Braxmeier 
et al., 1985) and Lewis acid catalysis conditions. However, we couldn't ob- 
serve any significant acceleration effect by the Lewis acid catalysis. 

P'N O 2(Oipr)2 P'N 
MS 4A (4) ~ + ° ~ v  ~ 

~ +  H 'J I~  OR (10 tool%) OR OR 
0 r.t., 1Oh 5 0 0 

6 

Fig. 3 
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Table 2. Asymmetric catalytic imine-ene reaction a 

Entry P= R= 5% yield : 6% yield 

la p-CH3C6H4SO4 Me 7 (0% ee) : 15 (95% ee) 
2b Et 7 (0% ee) : 15 (95% ee) 
3b b 7 (0%ee)  : - 
4c C4F9S0 4 Me 7 (0% ee) : 15 (95% ee) 
5d CF3SO4 Me 7 (0% ee) : 15 (95% ee) 

a % ee was determined by 1H NMR analysis of (S)- and (R)- 
MTPA ester derivatives after LiA1H4 reduction and 
esterification, b SnCl4 was used as an equimolar amount of 
Lewis acid. 

[ ~  Rf"N 

H OEt ~ r.t. OEt 
+ 

O 1 week" ~ Rf ,N 
(50%) 7 

Rf = n-C41%S02 
N.Rf 

(R)-BINOL-Ti-Cat (4) 
(20 tool%) OEt 

+ 
r.t. 5 days 

(34%) 8 

Scheme 3 

-0.79 

CF~,O -0.52 
O,,b" N f "  

H.,Jl~OMe 
O 

Fig. 4 

Semiempir ical  molecular  orbital calculation (PM3 (Stewart,  1989)) of 
sulfonyl-imine was then  pe r fo rmed  to show that  the partial  charge of sulfonyl 
oxygen ( -0 .79 )  is larger than  that  of n i t rogen ( -0 .52) .  Therefore ,  the Lewis 
acids are considered to be more  easily coord ina ted  with sulfonyl oxygen 
ra ther  than  the ni trogen.  The  coordina t ion  of chiral catalyst with sulfonyl 
oxygen might  be the reason for the very little accelerat ion and ext remely  low 
enant iomer ic  excess a t ta ined by the chiral Lewis acid catalyst. Unfor tunate ly ,  
benzylimines are so unreact ive under  the Lewis acid catalysis to give no 
imine-ene product .  

In summary ,  we have repor ted  diastereofacial  selective " imine-ene"  reac- 
tions with chiral glyoxylate-derived ct-imino esters and feasibility studies on 
the  asymmetr ic  catalysis of enantiofacial  selective react ions with prochiral  a- 
imino esters. Fur the r  studies along these lines are now under  way in our 
laboratory.  
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