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A CONVENIENT SYNTHESIS OF AMINOACIDS BY A ZnBr,
PROMOTED REACTION OF KETENE BIS(TRIMETHYLSILYL)
ACETALS WITH ALDIMINES

M. Mladenovaa® and M. Bellassouedb

alnstitute of Organic Chemistry, Bulgarian Academy of Sciences,
1113 Sofia, Bulgaria.

bLaboratoire de Synth&se Organométallique (URA 408), Université
P. et M. Curie, 4, Place Jussieu, Bat, F, 75230 - Paris Cedex 05,
France.

ABSTRACT: The ZnBr, promoted addition of Ketene bis(trimethyl—-
silyl) acetals to aromatic aldimines affords B-arylaminoacids in
good to excellent yields. Under the same reaction conditions
vinylic ketene bis(trimethylsilyl) acetals give exclusively or
mainly &-phenylaminoacids.

The reaction of Kketene silyl acetals with imines has been
successfully employedi-11 for the synthesis of aminoesters or
lactams. Equimolar amount of an acidic promotor, such as
TiCl,1-%, ZnBr,4, 8nCl,4, Znl,5, TMSOTf?, has been required in
most of the cases but some examples of the reaction carried out
with a catalytic amount of the promotor, TMSOTf8, phosphonium
salts9, some transition metal (Rh, Co, Ni) compounds!®, Fef,11,
trithyl hexachloroantimonatel1, were also recently reported.

We wish to report here the results of our study on the

addition of ketene bis(trimethylsilyl) acetals to aromatic aldimines

*To whom correspondence should be addressed.
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using 10 mol % of a Lewis acid, and a convenient synthesis of B-
or 8-arylaminoacids, according to Scheme 1 and 2, when ZnBr, (10

mol %) is employed as a promotor.
Direct synthesis of aminoacids by addition to Schiff bases

of Ivanovl2-14 or ReformatskylS reagents of carboxylic acids or

their trimethylsilyl esters has already been reported.

1 . .
_N/Arl R\__/Osnka3 i) MX, / CH,CI,
Vonue + P -
Ar r2 \OSiMe3 ii) H,0*
1 2
ArlnH
COOH
—_— Ar
Rt R?
3

For R, R?, Ar and Arl see Table 1.

Scheme 1
PR e
ZosiMe, i) Hy0*
4
PhNH RS PhNH |
— L
COOH .
P Ph)\'/kgs
COOH
5 6

Scheme 2
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Ketene bis(trimethylsilyl) acetals have already been
employed by Dubois and Axiotis3 in reaction with aldimines. The
direct formation of f-lactams Iin the presence of an equimolar
amount of TiCl, at room temperature has been reported.

We have found that the reaction (Ar=Arl=Ph, R1=H,
R2=Ph, Scheme 1) promoted by 10 mol % of TiCl, at —-400C yields
in 10 min exclusively the B-phenylaminoacids (syn/anti = 52/48;
total yield 45%), no traces of B-~lactam being detected in the
reaction mixture. This result lead us to screen different promotors
and reaction conditions. When after condensation with TiCl, at
-409C, the reaction mixture was stirred for 24 hrs at room
temperature, the diastereomeric ratio was slightly affected
(syn/anti = 45/55) without a change in the yield. With BF;.Et,0
(10 mol %) as a promotor, condensation at -40°C for 10 min
produced the diastereomeric mixture syn/anti = 61/39 in 42% yield.
A 24 hrs stirring at room temperature after condensation gave
syn/anti = 50/50, 43% yield. The use of ZnBr, afforded much
higher yields: 90% yield after 10 min at -409C and 92% after 24
hrs additional stirring at room temperature, the diastereomeric
ratio being in both cases syn/anti = 42/58. A 92% yield was
obtained for 15 min at -20°C.

As can be seen, the examined factors do not influence
markedly the stereochemistry of the reaction.

On the other hand, the above results show the advantage
of ZnBr, as a promotor of the addition of ketene bis(trimethyl-
silyl) acetals to imines. The possibilities of the proposed method
for direct synthesis of B-aminoacids are demonstrated by the
series of syntheses shown in Table 1. It is to be noted that the
formation of PB-lactams was never observed under the conditions
used.

In diastereogenious conditions (R1=®R2), the stereoselec—
tivity of the reaction varied from 350/50 to ca. 100%. The relative
configuration of the products was established on the basis of the



Downloaded by [University North Carolina - Chapel Hill] at 12:14 14 January 2015

728 MLADENOVA AND BELLASSOUED

Table 1. Addition of ketene bis(trimethyisilyl) acetals 2 to
imines 1 in the presence of ZnBr, (scheme 1). Reaction
conditions: -200C, 15 min, 1 : 2 : ZnBr, =1 : 1 : 0.1.

Compound Yield Isomeric
3 R? rR2 Ar Aprl % ratio
a CH, H CeHs CeHs 84 35/65
b C,Hg H CeHg CeHs 92 40/60
c C,Hg H 4—ClCSH4 CsHs 70 >85/5
d C,Hy H CeHg 4-CH,0CH, g1 >85/5
e C Hy H 4-CH,OC.H, CeHs 83 90/10
f 1i-CjH, H CeHs CeHq 62 88/12
g CeHg H CeHs CeHg 92 42/58
h CeHs H 4-C1CH, CeHs 55 53/41
i CeHs H 3,4(—0CH20-)(26H3 CeHs 78 50/50
J CH, CH, CgHg CeHs 89 -
k CH, CH, CeHs 4—CIC6H4 72 -
1 CH3 CH3 C$H5 B'C10H7 73 -
m CH, CH, 3,4»(-OCH20-)(36H3 CeHs 3] -
n CH, CH, 4-ClC.H, CeHs 85 -

coupling constants Jz,3 of the vicinal methine protons in the
methyl esters of 3 prepared with diazomethane, compared to
literature data for P~arylaminoestersl1©,16-18 a5 well as to the
p—-hydroxyesters studied by Jacques et al.18% which show great
similarity in 1H-NMR spectra.

A limitation of our method is that imines derived only from
arylamines can be employed. Thus, B-arylaminoacids 8 were
obtained in good to excellent yields. When the reaction was tried
with benzylidenemethylamine under the same reaction conditions,
the formation of neither -aminoacid nor g-lactam was observed.

The method is not applicable to the first term of the series
of 2 (R1=R2=H). In this case attempts to carry out the reaction
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Table 2. Addition of 4 to PhCH=NPh in the presence of ZnBr,

according to scheme 2 (imine : 4 : ZnBr, = 1 : 1 : 0.1).

Time Compounds obtained
Entry R3  t9C . . . .
min  Total yield % Isomeric ratio

1 H -20 15 95 (5a + 6a) Sa/6a = 85/15

(in Ga: M/m = 83/17)
2 H 0 15 85 (5a + 6a) S5a/6a = 89/11

(in 6a: M/m = 86/14)
3 CH, -20 15 81 (5b) E-S5b/Z~-5b = 80/20

under different conditions failed when ZnBr,, TiCl,, CsF or TBAF
were employed. '

On the contrary, the reaction proceeded smoothly with the
vinylogue 4a of the first term, as well as with 4b (Scheme 2,
Table 2). The aminoacids were obtained in high yields at ~209C or
00C. Here again, no product arising from cyclization of aminoacids
& and 6 was detected in the neutral part of the reaction mixture.

In the case of 1,1-bis(trimethylsiloxy)-1,3-butadiene (4a),
a mixture of - and o-addition products with a strong
predominance of the linear &-aminoacid (5a/6a = 89/11 at 009C;
85/15 at -200C) was obtained. The introduction of a methyl group
in position 8 increased the regioselectivity of the reaction. Thus,
with 8-methyl-1,1-bis(trimethylsiloxy)-1,3-butadiene (4b), only
the product of y-addition (8b) was found in the crude reaction
mixture (E-5b /Z-5b = 80/20).

It is to be noted that the Reformatsky reaction of tri-
methylsilyl esters of y-bromo-«,B-unsaturated acids with
benzylideneanilinel 5t is much less regioselective the a-addition
product being slightly favoured. The ratio f-lactam/$-phenyl-
aminoacid is 2:1 in the case of the nonsubstituted crotonate
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reagent and 3:2 in the case of the f-methyl substituted crotonate
reagent. The addition of Kketene silyl acetals derived from
unsaturated esters to imine complexes of TiCl, is y-regioselective
and gives the corresponding cyclic products, 5,6—-dihydro-2-

pyridones, and / or S-amino-2-alkenoatesd,

EXPERIMENTAL

All reactions were carried out under dry argon. Dichloromethane
was distilled from P,05 and stored over molecular sieve.
Anhydrous ZnBr, was prepared from zinc and 1,2-dibromoethane in
THF, then dried in vacuo after removal of the solvent.

Ketene bis(trimethylsilyl) acetals 2 were prepared
according to the Ref. 20 , 1,1-bis(trimethylsiloxy)-1,3-butadiene
4a ~ according to Ref. 21, and 8-methyl-1,1-bis(trimethylsiloxy)-
1,3~ butadiene 4b - according to Ref. 22.

Synthesis of arylaminoacids 3, 5 and 6. General procedure:

To a cooled to -20°C scolution of 1 (5 mmol) in dichloro-
methane (5 ml) were consecutively added under stirring at the
same temperature anhydrous ZnBr, (0.5 mmol) and (dropwise) a
solution of 2, resp. 4 ( § mmol) in CH,Cl, (5 ml), After additional
stirring for 15 min, the cold reaction mixture was poured into 2N
HCl and extracted with ether or ethylacetate {(depending on the
solubility of the produect). The organic layer, after. washing with
water (10 ml) was treated with 4% NaOH to the complete
extraction of the acidic product (monitoring by TLC, silica gel,
ether/n-hexane 1:1)23. The water solution was washed with ether
and acidified with conc. HC! to pH ca. 3. The mixture was
saturated with NaCl, the acids extracted with ether or ethylacetate
and the organic layer was dried over anhydrous MgSO,. The
removal of the solvent under reduced pressure afforded the crude
aminoacids. Samples for microanalysis were prepared by

recrystallization in CH,Cl,/n-hexane or CHCl;/n-hexane. In many
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cases, to obtain colourless crystals, the solution was shaken with

ca. 500 mg silica gel and filtered. Some physical characteristics of

the obtained aminoacids are given in Table 3.
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For the 1H-NMR spectra of the methyl esters see Ref. 18.
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Differences in the chemical shifts and J-constants of the two
isomers were observed only in the spectra of the methyl
esters of 3h. The spectra of the corresponding acid isomers
coincided. The differences were also better for the methyl
esters of 81 than for the corresponding acids.
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The formation of these acids (as mixtures with B-lactams)
without any description of the products has been re-
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