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Abstract- The imidazolidinones (rac.-1 and rac.-2) obtained from
efficiendy by crystallization of diastereoisomeric ammonium salts with chiral acids
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A) INTRODUCTION

In 1981 we first published a method by which an
amino acid can be a-alkylated without forming
racemic products (A — B in Scheme 1)2. This
was achieved by converting the amino acid into a
cyclic acetal (C, D, E) with diastereoselective
formation of a stereogenic acetal center. This in
tum directs the steric course of attack at the enolate
(F, G) in the subsequent alkylation step. In this way
we were able to prepare enantiomerically pure (R)-
or (5)- a-alkylated derivatives of almost all protein
amino acids3-12,

Scheme 1 Enantioselective Branching of Amino
Acids through Enolates of Heterocyclic Acetals.
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Since we noticed the exceptional selectivity of
enolates of type F we became convinced that an
analogous glycine - derived enolate would lead to
non - branched amino acids with similar selectivi-
ties. It is important to have a chiral glycine enolate
(sec also section E) not so much for making protein
amino acids as such. Rather, a general method
should be available to prepare isotopically labelled
amino acids, (R)-amino acids, and other natural as
well as unnatural non - protein amino acids with
special side chains.

Scheme 2 Synihesis of the Chiral Glycine BMI -
Derivative (S)-Bz-1 by Degradation of Serine.
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First, we took the hard way and did a multistep
degradation of imidazolidinones from amino acids
with suitable side chains, such as serinel3 and
methionine 7¢. By this route we obtained small
amounts of the -butyl-methyl-imidazolidinone
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(BMI) (5)-Bz-1 as outlined in Scheme 2 . Indeed,
the enolate of this glycine derivative was alkylated
with very high selectivity!3. This result provided
strong incentive to search for a simpler way of
making enantiomerically pure imidazolidinones of
this type!4. Discarding the notion “that there is a
mystique and an aura of art to resolutions”, trusting
a lifetime experience of Professor J. Jacques that
“there need be few - if any - failures in intelligently
and systematically executed resolutions”"!5, and
knowing that unprotected BMI derivatives 1 are
rather stable42, we started a project which led to the
results described in the following sections.

B) PREPARATION AND RESOLUTION OF
IMIDAZOLIDINONES 1 (BMI) AND 2 (BBI).
The racemic imidazolidinones 1 and 2 tumed out
to be remarkably stable compounds, and thus well
suited for resolution experiments. These cyclic
aminal derivatives can be handled in open air, they
are stable to non - aqueous acidic conditions!6.17,
and they can be acylated like simple secondary
amines under Schotten - Baumann conditions
(aqueous NaOH) in high yields. Rac.-1 was
prepared from glycine methyl ester hydrochloride
as described previously4%1b, The 3-benzyl analogue
rac.-2 was chosen as the second subject of our
resolution experiments in view of the expected
greater ease of conversion to free amino acids in the
final stage of its applications. Although Z - protec-
ted glycine can be used!8 as a starting material for
the preparation of rac.-2 as indicated in Scheme3,

Scheme 3 Preparation of the Glycine Derivatives
rac.-1 (BMI) and rac.-2 (BBI).
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we found that for large - scale preparation
bromoacetyl bromide is a far more convenient
starting material. Schiff base formation and
cyclization were achieved as with the methyl
derivative 1. In both cases the crude products of
cyclization, which are formed in an exothermic
reaction upon treatment of the Schiff bases with
anhydrous methanolic HCl, were used for the
resotution experiments.

Of the dozen or so inexpensive enantiomerically
pure acids available mandelic acid!? quickly turned
out to be very efficient for the resolution of 1.

Scheme 4 Resolution of the t-Butyl-methyl-imi-
dazolidinone 1 with Mandelic Acid.
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Solutions of 1 and of mandelic acid in acetone (both

saturated at boiling temperature) were combined

(1:1 molar ratio of acid and base) and the resulting
ammonium salt solution allowed to cool slowly to
5° Cin a cold room. The diastereoisomeric salt of
like - configuration crystallizes and is isolated in ca.
30 % yield (60 % of theory). The free base is
recovered from the mother liquor and the
crystallization repeated with the enantiomeric
mandelic acid, producing ca. 40 % of theory of the
enantiomeric salt. Both are of at least 98 % purity.
The procedure has been carried out in scales up to
many kilograms20, From the salts, the enantiomeric
imidazolidinones (R)-(-)-1 and (S)-(+)-1 are ob-
tained (2 95 %) by treatment with aqueous base in a
two - phase system, and the mandelic acids are
recovered in high yields.

The BMI derivatives 1 are acylated by di-z-butyl-
dicarbonate, benzyloxycarbonylchloride, and ben-
zoylchloride to give BOC-, Z-, and Bz-BMI deriva-
tives, respectively, under Schotten - Baumann con-
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ditions or with one equivaleat of triethylamine (cat.
amounts of DMAP21) in acetone or acetonitrile. In
order to find out whether the racemic mixtures of
these BMI derivatives form racemates or conglo-
merates, and thes whether it might be possible to
enrich non-racemic mixtures of epantiomers or
even to resolve racemic mixtures by entrainment,
melting point diagrams were established.
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Fig.l. Melting Point Diagrams of the BMI - Deri-
vatives. Mixtures of the enantiomers (R/S)- BOC-1
were prepared as described in the experimental
section (see also acknowledgement).

Obviously, all three BMI derivatives form race-
mates. This was confirmed by differences in the
solid-state IR spectra of racemic mixtures and pure
enantiomers. There is a striking dependence of the
melting behaviour of the three derivatives on the
N-protecting group: Z-BMI forms a very stable
racemate, while the crystals of enantiomerically
pure Bz-BMI are much more stable than those of
the racemic form. This latter property is a condi-
tion for facile enrichment of the excess enantiomer
in non-racemic mixtures by crystallization22.

The benzyl derivative 2 (BBI) can be resolved
through a ketogulonate salt23 (Scheme 5), of
which one diastercoisomer crystallizes nicely while
the other one is an oil. The imidazolidinone freed
from the crystalline salt with base was acylated as
described above for the BMI analogue to give
BOC-, Z-, and F-BBI derivatives 2.
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Scheme 5 Resolution of the Beazyl-s-butylsimi-
dazolidinone 2 (BBI) with the Diacetonide of
Gulonic Acid.
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From the oily diasteroisomeric salt the free base
BBI 2 of smaller enantiomeric excess was obtained,
of which only the benzoyl derivative was suitable
for enrichment due to its high crystallization
tendency. The chirality senses of the
imidazolidimones 2 were proved to be as shown in
Scheme 5 by alkylation to trans-substituted hete-
rocycles and subsequent conversion to known amino
acid derivatives18.24,

The chiral glycine derivatives BMI and BBI thus
available in both cnantiomeric forms serve as
starting materials for the synthesis of amino acids.
BMI is probably going to be more useful than BBI
for the following reasons: (i) all derivatives of both
enantiomers are equally well available25, (ii) rac.-1
is more easily prepared than rac.-2, (iii) the
products from BMI can be hydrolysed to the free
amino acids directly, (iv) the possible advantage of
converting BBI derivatives to free amino acids
under milder conditions has to be paid for by a
multistep sequence of reactions: dissolving metal
reduction for debenzylation, N-protection of the

intermediate amino acid amide, and diazota-
tion18.24,
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C) ALKYLATIONS OF BOC-, Z-, AND BZ-BM!
LITHINUM ENOLATES.

The lithium enolates of the acylated BMI deri-
vatives 1 are generated by treatment with lithium
diisopropylamide (LDA). It is possible to prepare
0.2 - 0.5M enolate solutions in tetrahydrofuran
(THF). In the case of BOC- and Bz-BMI, the
precursors must be added to LDA solutions at
- 50° C, the Z-BMI requires inverse addition26.
Such enolate solutions from the carbamate protected
BMI derivatives are almost colorless, and of
Bordeaux-red color in the case of Bz-BMI. The
products 3 - 22 of alkylation obtained with alkyl
halides, acetone and nitropropene are shown in
Schemes 6 and 7, along with the yields of
analytically pure samples.

Scheme 6 Products of Alkylation of the Lithium
BOC-1 Enolates.
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Alkylation with the highly reactive halides such as
iodomethane, allylic and benzylic chlorides and
bromides, cyclopropyl-methyliodide, a-haloaceto-
nitrile and bromoacetic acid esters, as well as the
nitroolefin occurs below - 30° C without added
activating cosolvents. With the less reactive
alkylating reagents longer reaction times and
warming up to room temperature (phemylethyl-
bromide — §, iodomethyltrimethylsilane — 17)
were applied or the reactions were carried out in the
presence of DMPU?7 (bromo-chloroalkanes — 11,
12, 2-iodopropane — 16).

Scheme 7 Products of Alkylation of the Lithium
(5)-Z-1 and (R)-Bz-1 Enolates and a Double-
Alkylation Product.
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As with aldehydes28, the adduct of Bz-BMI enolate
to acetone undergoes an acyl shift under acidic
conditions (— 20). For the preparation of the
branched amino acid derivative 21, it is advanta-
geous to apply the less reactive iodoethane first, and
then allyl bromide. For ring opening of oxirane by
the Bz-BMI enolate activation with BFy-ctherate is
necessary. The homoserine-derived imidazolidi-
none 22 is thus obtained in good yields2930,

All reactions of BMI enolates which occur with
formation of only one stereogenic center (— 3 - 13,
16 - 22) give a single diastereoisomer as judged
from the high-field NMR spectra of the crude
products. Measurements of nuclear Overhauser
effects (NOE), comparison with BMI derivatives of
known configuration, and chemical correlation by
hydrolysis to known amino acids (see section D)
prove that these alkylation products are trans-
substituted heterocycles. Thus, electrophilic attack
on the enolate double bond occurs with rel. topicity
like - as with all other imidazolidinone and oxazoli-
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dinone enclates of this type which we have studied
50 far! 2,18, the efectrophiles approach the enolate
from the face opposite to the ¢-butyl group.

Some of the reactions leading to the products
depicted in Schemes 6 and 7 desesve comment. -
The bis (amino acid) derivative 13 was obtained in
high yield with dibrompxylene even if the
BOC-BMI enclate solution was slowly added to a
twofold excess of the dibromide. We speculate that
this may be caused by Li-enolate aggregates being
involved3!.32, With the less reactive aliphatic
bromo-chloroalkanes (— 11,12) this effect was not
observed33, - The trans-butenyl substituted BOC-
BMI 8 was obtained in similar yields either from
1-chloro-2-butene (Sy) or from 3-chloro-1-butene
(SN). This latter type of reaction has not been
observed before with our heterocyclic enolates!2,
and is potentially very useful34. - The phenyl ethyl
derivative 14 is noteworthy because it is formed in
good yield and reasomable diastereoselectivity by
alkylation with 2.5 equivalents of a racemic
secondary bromide, i.e. with kinetic resolution35.
After the usual purification procedure (chroma-
tography of the crude product and recrystallization)
the pure diastereoisomer 14 was obtained, the con-
figuration of which was established by hydrolysis to
the amino acid (see Section D) and ninhydrin
degradation to (5)-(+)-2-phenylpropanal (see also
experimental section). - The two products obtained
in the Michael addition of BOC-BMI enolate to
nitropropene were epimeric at the B-position. The
main product 15a prevailing by ca. 3:1 was
separated by crystallization and shown to have
like-configuration of the newly formed ethane
moiety by reduction of the nitro group and
cyclization36 to the urea 15b which exhibits a
typical 10 Hz trans-coupling between the bridge-
head hydrogen and its neighbour in the NMR
spectrum. Thus, the trigonal centers of the enolate
and nitroolefin double bonds have combined with
rel. topicity like (Si,Si), a steric course which had
been found before with substituted BMI and similar
heterocylcic enolates and nitroolefins!0.37-39, see H
and 1 in Scheme 6. - In comparing the use of
BOC- and Z-BMI enolate we have noticed that the
former one generally gives very clean “spot-
-to-spot” conversions, and the latter one furnishes
more readily crystallizing products with simple
aliphatic alkyl halides.

5281

D) HYDROLYSIS OF BOC- AND Z-BM!
DERIVATIVES

In our previous investigations with S-monosubsti-
tuted imidizolidinones K (Schome 8) beanng a
benzoy! group in the 1-positions.13, we found that
rather drastic éonditions (6 aqaecus HCY, reflux)
were necessary o achieve hydrolysis to the free
amino acids. These were isolated in partially race-
mized form. Only the adducts to aldehydes, in
which very facile benzoyl shift from N to O, and
thus a deprotection to imidazolidinones of type L
occurs, could be hydrolyzed to threonine analogues
without difficulty28.

Scheme 8 Some Cleavage Intermediates (K - N)
and Amino Acids (23 - 32) obtained by Hydrolysis
of BMI - Derivatives. Newly formed bonds are
marked by heavy lines.
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The BOC- and Z-derivatives now available can be
deprotected on N(1) under the usual mild anhydrous
conditions (trifluoroacetic acid / methylens chloride
and H,/Pd-C / acetic acid, respectively) o give the
free bases L. Although these gre isolable, and can be
used for N-methylations to imidazplidinonss M
derived from N-methyl amino acids18.28, they were
hydrolyzed directly to free amino acids in the
present study0. In the case of the chloroalkylated
compounds 11 and 12 the free bases cyclize sponta-
neously or can be caused to cyclize4! to bicyclic
imidazolidinones of type N which are subsequently
hydrolyzed.

Since the aminal moiety of free BMI bases of type
L, M and N cleaves most easily in aqueous acid,
with formation of pivalaldehyde42:43 and an amino
acid methyl amide, we chose the methyl amide of
(S)-phenylalanine as a test substance to claborate a
hydrolysis technique with which the racemization in
the final step leading to free amino acids could be
suppressed. From certain hints in the litera-
ture44.45, we felt that it may be advantageous to do
the hydrolysis in the presence of enough acidic
ion-exchange resin to bind the entire amount of
amino acid and primary amine. Indeed, the
phenylalanine amide could be hydrolyzed by simply
heating with ion-exchange resin at reflux in water.
The reaction was accelerated by employing aqueous
< 2N hydrochloric acid. Since it is known46.47 that

the rate of racemization of amino acids in water is at
a minimun slightly below pH 1, we arrived at the
following general procedure. The crude free base
BMI (type L in Scheme 8) was added t0 0.75 N HCI

in which freshly activated DOWEX® 50W x 8 (20 -
SO mesh, p.a. quality) was suspended, such that
there was a sixfold excess capacity with respect to
the imidazolidinone. The mixture was heated?3 at
reflux and the reaction was followed by taking
samples of the resin8, eluting and determining the
amount of unreacted amide by t.l.c. After complete
hydrolysis (18 - 92 hours), the resin was transferred
to a column and eluted with aqueous ammonia to
give the amino acids in the usual way??, see the
examples in Scheme 8. The allylated free BMI
bases from 6, 8, 10 and 21 could not be cleanly
hydrolyzed to the corresponding amino acids under
these standard conditions. Likewise, no free amino
acids or only impure samples could be isolated by
applying this procedure to the free bases from the
cyclopropy! derivative 7, from the nitrile 9, the
esters 18 and 19, and from the nitro compound 15a
or the derived amine30. So far we have not

R. Fita and D. SeeBACH

attempted to develop special procedures for
isolating these y-functionalized amind acids or
derivatives thereof.

E) DISCUSSION AND COMPARISON WITH
OTHER METHODS.

In summary, the imidazolidinones 1 and 2 can be
especially recommended at this stage for the
preparation of either enantiomer (a) of amino acids
with simple aliphatic side chains (incloding cyclic
representatives) (this paper}, (b) of phenylalanines
and analogues {this paper}, (c) of threonine-type
a-amino-B-hydroxy acids28, and (d) of a-branched
amino acids 2-4.8.9. The chiral glycine derivatives
described here will be useful not only for the
preparation of unnatural, non-protein, or labeiled
amino acids; due to their commercial availability,
and due to the fact that it is sometimes not
straightforward to convert a given amino acid
stereoselectively into either diasteroisomer of a
5-substituted imidazolidinone, they can also be used
for preparing branched amino aclds which

S"chcm 9 Possible Application of a BMI Deriva-
tive 1 for the Preparation of two Enantiomeric
Branched Alanine Derivatives.
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are formally derived from a protein amino acid
(such as alanine, see Scheme 9).

Many other chiral non-racemic glycine derivatives
have been found to be useful for the amino acid syn-
thesis31.52, Of the glycine derivatives which can be
used as nucleophiles32, those shown in Scheme 10
react with diastereoselectivities around or above
90 %. As can be seen, these reagents all rely on the
use of chiral auxiliaries which are introduced
through covalent bonds and which have to be
recycled. In contrast, the auxiliary for making our
BMI dervatives is the mandelic acid used and
recycled in the resolution!®.

Finally, it is important to point out that the "glycine
approach” is only one of four possible ways to form
the stereogenic center of an amino acid selectively
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(see O in Scheme 10). In addition to using a C,C
bond formation with the side-chain carbon as the
key step (a), the C,N bond (b), the C,C bond
involving the carboxy! group (c), and the a-C,H
bond (d) can be made by addition to an appropriate
trigonal center. We trust that these other possi-
bilities will be presented in other chapters of this
symposium-in-print and refrain from discussing
and comparing. The reader should do so. Undoub-
tedly, the chemical community will decide over the
years to come which approach is the most generally
uscful one.

Scheme 10 Chiral Glycine Derivatives for Ami-
no Acid Synthesis by Reaction with Electrophiles
(scc ref 52).
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G) EXPERIMENTAL PART

General remarks.
Melnnj oints are uncomcted and were

dete on a Bachi 510 s in open
capillaries and for amino acids p w oﬁ)
muuunes were

the meltin int diagrams nll
8dmo amounts of one

enantnomor and t racemate 0sor both
enantiomers for Bz-BMI) in a few drops
Then the solvent was evaporated under an mr
stream. The solid residue was Jeft on a hot plate at
=~ 45 - 50° C for Z- and Bz-BMI for varying time
periods (from a few hours up to 9 days) before
measurement.
IR spectra were measured in CHCl,
Perkin-Elmer 782 or in KBr on a Perkm-Elmer
283 90 MHz 'H-NMR spectra were
donaVananEM390 300 MHz on a
Bmker WM 300 or on a Varian VXR-300 tro-
cocx T DMEo-ctyes "f'em"w“ﬁ"g“g bss
or as solvent. Wit

Isilyl)-1-propanesulfonic acid {sodium
stN{d y wyasuscdasmtcmalsw\dar d. For the
standard and it was

spectn CFCl, was used as external
retorded on the Varian
XR-300. The MS spectra were recorded on a
Hitachi- Perkin- Elmcr MU-6M. Optical rotations
were measured with a Perkin-Elmer 241
larimeter. The diastereoisomeric compositions
fo ds = diastereoselectivity) were determined bz
H-NMR' (300 MHz) of crude products. Flas
chromatography was pcrfom)ﬁd according to the
method described by Still et al.

Preparation of (S)-2-t-butyl-3-methy 1-4 mudazo
lidinone- (S) nu{ndelale 1<(5) -man
A hot soluuon of lic_acid (180 g l 18
mol) in acetone ( dlsu led over calcium
chloride) was a%eg lo
base (R/S)-1 (1 l 15 mol)! in acetone
(100 mi). Aftet mg and sumng the solution
was allowed to cool down veri/sslow yto4°Cb
insulating the flask. The ¢ were filtered o
su nded in acetone (290 ml) and stirred under
ux_for one hour. Aftcr coolm slowly the
crystals were collected and treate as above in
aeexonc 170 ml). Colorlm cr}r_slals , 60 %,
,c 1.1 in EtO off lys1s
? &er ormcd on n sample, which was
recrystall H.

from E1O
Mp 115.5-1165 C (Pound: C,62.2, H,7.7; N,

surred i&lyuon of free

9.0. C,<H,N,0O, requires C, 62.3: H, 7.8: N, 9.1
%& (o, #8440 n ExOHS,v sCHCI;)i%O
1 ; 1480, 14 1400 1320, 17%%; 1185 and 1060
396 DMSO-d?) 088 (9 H,s), 2.80
2 s) 4.03 ,498 (I H, s),
16(3h br.s).7.17°750 (S H, "m),
Pr ation of (R)-2-1- ‘3-me |-4-imidazo-
hdmm (R)-nmdeof( )ia: &\e latci
The first mothe orof above crysta lizations
was concentral residue suspended in CH

(lZ(X)ml)mdwnshedmﬂxZNNaOH(mm)
huc w concentrated to a cllow o
hg solu mnndehc m‘} 20 g, | 789
mol) in aoctone ml) was with stirrin
After seeding stirring the solution was allowe
to cool ve slowl to 4° C, The crystals were
filtered off and sfirred again for one hour in
rcfluxm acetone (175 ml). After cooling colorless
lssg 44 %, m.p. 115-116° C, [a]p, - 89,
Oin were collected.



5284

aration o, -t-buryl-1-¢-b arbo-
nyl- f -methyl-4- {r‘ngzézohdxungne "30??

A suspension of dnastcreonsomenc salt
(R)-mandelate (73 3 238 mmol) in H?
washed with 2 ¥ NaDH (1 0m1) Afte
(MgSO,) wuev o the remmm
oil a sofuuon of di- t~buty rbonate i65 9g. 3
mmol) and

4(ﬁlmunopyndme 2.8 g, 229
mmol) in acetone ( th cooling.
After stirring for 8 h at ambient tcmgenm
triethylamine (32.4 ml, 232 mmol) was added and
after two hours stirring 20 mi of water were added
and the solution sti again for 2 h. The acetone
was then distilled off and residue extracted with
ether. The extract was washed twwc with 1 N HCI
and with saturated NaHCO, S SO,) and
conecrl\llralgd to a yellow oil (45 5 g8, 74 %) which
stallize
p68 70°C(FoundC608H98 10.8.
H, 9. 4 10. s; %
1

&d&b’h% Ec"‘i‘i’;'fff’cﬂ2 %0 '1‘318 CREI 1

1450, 1405 l 125

'9”&?’?149 oH ] 2372 “
s s

16 Hz, sm fl /§
%q) ( 57’39)1 (7,

491 ( Hs),ms[
(100) 99 (44), 57 (96) amm @n.

Preparation of (R)-2-1-
methyl-4-imidazolidinone
A suspension of dias 95reozsomenc salt ((S%
mandelate) (27.8 s mmo ) m H,(_I[%c( 50 m] )
was washed with 2 N N orgamc
B(l;asc was dried (MgSO, %

nylc oride (13.2 ml 8 mmol) and {N aOH
(50'ml, 0.1 mol) were added simu ltaneously with
stirring and ice cooling. After 2 h stirming at
ambient temperature the organi was was
twice with I NHCI and with sa urated NaHCO
dried (MgSO,) and concentrated to a yellow oﬁ
which crys(alhud The crystals were treated with
little pentane, crushed, filtered off, washed wnh
gcnlane and dried to afford a white powder (2293,

8 %) of product (R)-Z-1.

I-l-carbobenz loxy-3-
R)-2o1 yloxy-

Mp 84 85°C( ound: C, 66.15; H, 7.9: N, 9.4.
li( g 'mélfc?éz H, 7CHC§ 1573?
+ (o4 n
(4 A0 Ty, Gty g
and 11 5cm 90 MHz; cbcn;;foom{?
298(3H? 1H,d, /16 H {
H,d,J'16 Hz, | Aé .4.97(1H 8),5.122H

-'57,26), 189
)2(8) 9 (100f 65 (3) 57 53), 42(3) m&41(

Preparation of (RIS)-3-benzyl-2-t-butyl-4-imida-
2olidinone -hydrochloride (rac.-2-hydrochloride).
To a stirred ‘mixture of conc. NHy (600 ml) ar;g

EtOH (600 ml) bromoacetic acid %enz lamide
(92.3 g, 0.405 mol) was added in pomons The
mixture was stirred for 4 h at ambient temperature
and kept then for 12 h at 4° C. After concentration
to 300 ml and addition of 2 N NaOH %2(%) ml) the
mixture was extracted with H2C mi) The
gamc phase was refluxed to§ cr with plval-
|dehyde (60 ml, 0.545 mol) for 7Th ata Dean Stark
solution was concentrated and the remai-
nmg oil (79.3 g) quxc ly distilled through a shon
connection tube (4-10- torr/ 160° C
ture). A solution of the destillate in cthanol (2
was then added slowly to stirred HCl-satura
methanol (250 ml) at - 5° C (exothermic!). The
mixture was allowed to warm up to ambient tem-
Fera(ure with stirring, then cooled again before
ltering off the solid whlch was washed with a little
cold ethanol and ether and dned to xve colorless
crystals of rac.-2-hydrochloride (32.7g, 30 %).

11),
).

R Frret and D. SexsacH

xog észs- 184°C(Fou cfs"é . .(r)v
oy v e O TR G S o 380 Nk,
1230 ‘mst 130?. 1285,'1170 ‘730and700an-?- 3
90 MHz %%MSO lt) 917H(§dl:l“s. :
%’n 46T (PH ,?‘éz‘

y A

f9 ,S

el
% 3:’5(133%92 "’39 (;33; l:676( ), 56 (§). 41

Enantiomer separation of {R/S)-J benzyl-2-t-bu-
l-4- m:dazolxdmone rac.
su nsnon of BBI envauve rac -2 hydrochlo-
0 122 mol m e 00 ml) was
NNaOH( m}) Thco anic phase
was dried (M f 1) and concen(ralcd !o a ellow oil
which was dissolved in acetone ml). A hot
solutlon of é -)-diacetone-2-keto-( ) gulomc acid
5 0.118 mol) in acetane (80 ml) was
a dcd wuh surnng to effect immediate crystalli-
zation. The suspension was allowed to cool down
slowfy and was then kept for 12 h at 4° C. The solid
itered off and dried to §xvc colorless crystals
of the (R)-2-gulonate salt (28.

Preparation of (R)-1-benzoyl-3-benzyl-2-t-butyl-
-4- :mfdazoltdugne ((R)-Bz- Y i
ulgur from the enantiomer scparation
was conccmrn d and the residue dissolved in ether
(150 ml). After washing with 2 N NaOH (35 ml) the
solution was concentrated and the residue taken up
m CH 100 ml) With stirring and ice coolm§
?0 0 ml) and benzoylchloride (5.5 ml, 4
mmol) wcrc added mmultancouslg After stirring at
ambient temperature for an ad monal hour lhc
organic phase was dried (MgSO,) and the solvent
evaporated. Recrystallization” from ethanol yielded
colorlcss crystals of (R)-Bz-2 (13.1 g,’64 %;
theoretical yield from the original 32.6 g rac.-2-hy-
drochlonde?
p 64 - 165°C

N
-
—

washed wxl

(Found; €, 747, H. 72: N 80.
ires
‘JES 408 2 5 I el ?;ov chc ob) 8 by
e At e W0 ey
coc]z 105ﬁn m 365 536 Hz, 17}
2001 1,4 J06 Fiz, 192 A (lHd
2% AB

IRAB&SZI mdn z 172 A
Z

7
279 94&)1& 57) 105 (132 (8)1 Zg 3477 7). 65

(S). 51 (4), 41 (6),

Preparation of (S)-3-benzyl-2-t- blg'l -1-t- bulyl
oxycarbonyl-4-imidazolidinone ((

A “sugpension of dlastcreorsomerlc salt from the
enantiomer separation (5.8 g, 11.5 mmol) in ether
(50 ml) was washed with 1 N NaOH (20 ml). The
organic phase was dried (MgSO,), concentrated and
the remaining oil dlssolve in acctomtnle 30 mlr
Dl-t-but{'l—dncarbonatc 2.6 1.9 mmol), triethy!
amine (1.52 ml, 10.9 mmo and a trace of dime-
thylammopyndme were added and the solution
stirred for 12 h at ambient temperature under
argon. After evaporation of the solvent a solution of
the residue in ether was washed twice with 1 N HC
and twice with 1 N NaOH, dried (MgSO 6Cnd
concentmtcd to a shghtl r‘/eilow oil of (S)- B

&63 wnc c $
18.0 ound: C, 685585,8N681’:J‘.

uires C
%gégd Bso, MQ:%SSE);OI%%SC%OS 1 ggg'ﬂ
1}1Gand g“lg Pg Hz(lfdz'

l »
bq)3§3 g:fﬂ %7 d,j16 Hz 1/1 Abq). 409(1H



Chiral glycine enolates

16 Hz, 172 A ).48]9!1:) 529(1Hd
6" l9 A2| 17 175 (31 92(5) 31 (62)i57
3.41 2‘5. o 28 33

Preparation of (S)-3-benzy 12-1-
zyloxpyz unide:ofalt)d-fnonone ((
2' of the Izetogulomc acid deri

suspension of dhnem
enantiomer separat
(150 ml) was washed

[-1-carboben-
Z-2) and recove-

menc salt from the
mmol).in ether
2N NaOH PO m)). Ethy!
acetate (150 ml) was added immediately to the water
phase, which was then acidified with 6 N HCL. The
ethyl acetate was concentrated and the residue
dissolved in a little acetone and t to crystalli-
zation by the addition of water. The solid was
filtered off, washed with a little gold acetone and
dnied to give colorius stals lomc acnd

denvatlve (6.95 g ?8!
(1;?5 21%1 (c

(c 2in methan

melhano )2
The ether phase containing the BBI base was dried
MgSO ) and concentrated to an oil, which was
1ssolv in Clz!jﬁ 100 ml). With stirring and ice
coolm 1 N Na ml) and benzyloxycarbonyl-
chlon (5.6 m}, mmol) were added simul-
laneously After sumn for an hour the organic
phase was dried (Mg$S nnd the solvent evapo-
rated. The residue was recr¥ from ethanol
to afford colorless ¢ ll-yo (c3 'PZ 73 %%of V—Z-Z
M p 1 l8 - 1 19° C (
umesC 721 H, ‘715 N'76

@‘b 13(8)0(31360 %v (CHO 170{.
5, é MH'z, 4%46 95 (é s) 386 1 ﬁm

16 Ha, /ZAqu . ;2 3
409'31 d J z,mAB)sz‘z(l

J'15 Rz 1)2ABq) 495‘09“ s).? 6% 163 7'06
531 5(191 100 65(41) §7228) f(s)f) 39?133
255 § 28%33 )

Preparation of (R)-3-benzyl-2-t-butyl-1-formyl-
4- rmfdazolldmone ((R )-F-2 ?
A suspension of dlasteneouomenc salt from the
enantiomer scparation (4.7 g, 9 mmol) in ether
(70 ml) was washed with 1 N NaOH (20 ml). The
organic phase was dried (MgSO,) and concentrated.
A solution of the remaining oil in formic acid 17 6
ml) was treated with acetic acid anhy dnde586
65.6 mmol) with stirring and ice coolin After
2 h ice water (8 ml? was added and the solution
stirred for another 15 min. The formic acid was
evamrated the residue dissolved in ether and
. The cther

washed with 1 N HCI and with 1 N NaOH
phase was concentrated and the residue
recrystallized from m L. Precipitation from a
concenlrated CH,Cl, solution wi ntane and
mg {lelded a cglorfess powder (1.24 g, 52 %) of
p l08- lll°C(Found C 690~H 80 N 10.8.
uires C, 69.2; H

Edgﬂbims 1713

mCH C'{%mégh g

1025,

99095 and8 cm 300 MH CDCI main

conormerlOO(9H s“379(1 H o716 Yz 12

3&449(1 H, d 116 4.11 (1 H,d,

15 Hz. 172 AB 5 d . J15Hz, 12 ABQ).

459(1Hs),7 2(5H.m).866$lH s):
minor conformer l 01 g . 8), 407 ( H'.

J 16Hz. gz (1'H,'d, J 16 Hz 1&1

1 5 z.}}/ZA , 5.30 (1 H,

Hz, 5.16 (1 H,s), 7.12- 742 (S H.

m_) szo(m s m}z217 (73. (711 203 83;,

wknge 9225 . 91 (100), S8 (6), S7 ), 41 (15).
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General procedure for the alkylauon of t-butyl-
xﬁ/carbonyl derivative BOC-1
operations were performed in well dried
glassware under an ar
complete exclusion of moi
To a stirred solution of LDA in hexane / THF
15.5.ml, 15.5 mmol a solution of imidazolidinone
OC 1 3. 85g. 1 mmog in THF (20 ml) was
pwise at - After stirring for 30
mmutes ¢ electrophile (16 - 20 mmol) was added
in one portion. For very reactive electrophiles (e.g
methyl bromomethylacr{chte, mtro&)r;oE-Z‘ene) the
enolate solution before the
addmori of the elect ile. On the other hand
ded after the addition of a
very unneacuve eloctrophue (c.g. 2-iodobutanc).
The liquid electrophiles were filtered through
Alox-N before neat use and solids were carefully
dried at high vacuum and then used as a
concentrated THF solution. The reactions were
followed by t.l.c. (visualized by devel ent in an
alcoholic solution of amsaldehyde and sulfunc acid
during slow warming up of the mixture (ca. 10°
per hj and quen with saturated NH,Cl (3 ml)
after completion. THF was distilled off, &te residue
suspended in Et;O (150 ml) and washed with 2 N
citric acid, saturated NaHCO, and water. After
drymg (MESO‘) the solvent was evaporated and the
oduct chromatographed on silica ‘ﬁ"l and then

on atmosphere with

recrysulhzed from diisopropyl ether [ hexane.
Only trans-substituted imidazolidinones were
formed (by high-field NMR of the crude products).
In cases in which a_stereogenic center was
established in the B-position of the carbonyl 5

the diastereoselectivities were not as high an

be mentioned on the individual procedures below

Preparation of (2R.SR -bromobenzyl-2-t-bu-

-4 ,l’-a’w;yloxy{arbony/- 34‘7,relhyl 4-imidazoli-

inone
lm:dazoixdmone (R)-BOC-1 (4.90 g, 19.1 mmol)
was alkylated accordin geto the general procedure
4. Bromo»benz lbroml (5.5 g, 22 mmol) was
added at - 75° C and the reaction mixture quenched
at 0° C. The usual work uj g gave a crude brownish
crystalline material which was chromatographed
grlrd%recrysta lized to give colorless crystals (4.8 g,

M.p. 135-186;%(&und C, 564 H§7066%

uiIres 3
5 148 1410 1386d|’365"1"zéc Gt l??3b

&. 90 MHz; C 1¥69459 I_s&
1509Hs). ém?h “Ag?)‘; \
132A 429%?!{ )43 435t thsﬁ (zylhn&An.éI
m/z 37 42 57 4l -87.9 %2?;

367(M*-1 , 314 (3), 31 23).

12(3).31] (23), 57 (100

Preparation of (2R, 5R)-2-1-butyl-1-t-butylox
carbo ptry mer)if -S-penlaﬂuorobgnzyl-‘i m?;da-y
zohdmone

The alkylauon of hetero?'cle (R)-BOC-1 (2.6 g.
10.1 mmol) was carried out according to the
gene ral procedure. Pentafluorobenzylbromide (1.5
ml, 11 mmol) was added at - C and was
quenched after slowly warming up the raction
mixture to ambient t ture. Chromatography
and necrymlhuuon of the crude product gave
colorless

M.p. 975“3'35 &93'64%)546 H,5.5; N, 6.2.

d 5-’9’3‘?01 mcmdzbﬂzsfgﬁcf,? 1703

, 1520, lS(X) 1405,'13

)36
5)77



and 1125 cm*); 8, (90 MHz; CDCh) 0.92 9H

13431 @ % 3 (21'!;51!;‘{1l lJi'lgi{M ,zlza 4(1 12
s), 3. » d, s

d.J 3Hz.1 4S'H s Q) (

, 4.9
- 59.'8), 323 329). 27; (26), 5 1&3). 42 (15) 41

Preparation of (2R, SR)-2-t-butyl-1-1-butyloxy-
gar ny{ -3- melkyf; S- (fj genylet:qu-mtdgmfz
inone” (5).

Imldazol inone BOC 1 (49 g l9 1 mmol)
was alk { lated accor 4(fencn procedure,
2- Phcnx cthylbmmlde 4 8. 40 mmol) was added

at - the reaction mixture was quenched
afler 19 h stirring _at ambient temperature.

Chromatographic punification md recrystallization
of the crudc producl gave 5 (3.8 g, 55 %) as

colorless cry
Mp 115 ll6°C(Found 698 92
Y R AN Hd ?2
Mib 145 1410 1380 B n 5 11 36
90 MF Hs.
1 9H s)2 -290 (4 3H. ),
4.1 le 498 lH.s H, m);
mz 303(M 2,24 247 99) 203
}00) 13 (23) 98( ).91(6) '$7 (98) and 41

Prcparaaon of (2S.55)-5-all 1-2 t- bu!yl-l s-butyl-
x&car nyl-3-methyl-4-imi (6).
lation of imidazolidinone (? BOC 1(5.1g,
mmo) was accom lished following the
gcnera rocedune All bromldc (2ml, 24 mmol)
was added at - 70° C and the reaction mlxture
quenched at ambient temperature. Chromatogra
grsld%rccryslallxzauon gave pure product 6 ( OF

Mp 45 46°C(Found C 647
88; unresC 648, H

CH NC
g i%rda ?

Hz 97 (9
I.49(9H s?.zi‘a e Z 00 (3
%%%%‘%%ﬂ%‘”m 76
gsm 139 (34). 79 (13), 57 (10%). 42°(19) an

Preparation of (2R,5R)-2-t-butyl-1-t-butyloxy-
carbo,nyl-S -c‘;)c o];;ropylmelhle “r:ryelhy1-4 imida-

zolidinone S
R)-BOC-1(2.56 g, 10 mmol) was alkylated accor-

ing to the genera Bromomethylcyclo-

prog anep’e& g mmol) was added aty °C

the reacuon mixture quenched at ambient

rature. Chromatography and recrystallization

of lg: crude product gavc heterocycle 7 (2.39 g,
75 %) as colorless crysta

65.9; H 9 9 N 9.05.

66 - 7 C(Found
CHC 1690)

Mp N,O, requires C 65
w&v ¢ 1.0 CH,C
50, I 70 and
0.51 4 H,

14( S 1330 13’55”13&1"1
9 H, s.154(lH br. s{

1125 em; 8, ( CDCl3) 0.04 -
m). 0 98(9H 0! 150(

H, s m/22 3;) 7 26 198 (11) 13‘7(199
133 35) 84°(15), 57 (88), 42'(12) and 41 (21).

Prc aration of (25,55)-5-(E-but-2-enyl)-2-1-but-
31 l-1 p ?Ioncérwnyl 3-methyl-4- umydazoll-
Fgll‘l)g\emngl the general procedure imidazolidinone
25) BOC zfs 15 mmol) was alkylated with
R15)-3 chlorobutenc (3.8 ml, 37.5 mmol) which
was added at - 84° C. The- reaction mixture was
gh,cnched after warming up to room temperature.

e crude product was recrystallized from a little

R Fitzr and D. SeeBacH

manc lo éive colorless crystals of product 8

53
id &5 5°C(FoundC656H98 9.0.
uires C ﬂH 97 96%

d Haoll 8 20 CI H 1)
5 Lb 13416 138(')"(1:3 ‘?3 5‘"5 1150 Cand
300 MH z,(: (bu 5), 1.48
9Hs).fs§ 3 H, dd szng,zss
lem).299(Hs 31%1}1 4.0 (m,
s)'““l 19 0?9$ (65 1’53 5§ 96('3%'
(11). 59 (100), 32(?3) a1 (23 59 )
Pre ration of (25.55)-2-t-butyl-1-t-butyloxycar-

9ny -S-cyanomethyl-3-methyl-3-imidazolidinone

ollowm the eneral prooedum imidazolidinone
S} Ewas alkylated with
h oroacetomtnlc % 75 m mmol), which was
added at - 60° C formmg a black solution. The
reaction was %yhee nched after warming up to ambient
temperature. oil obtained by the usual work up
was chromatogr phed on silica gel and the product
recrystallized Trom dnsopropy clher to give fine
colorless crystals of 9 ( | 26 ‘lg

Mpll -115°C(Fou 609 87Nl43

uires C 616 H, 85 N
Lﬁz?o&'fggan Sl T
Z
1.46 O H ?6(1 dj6Hz,2998H ). 3.5 2

5{ H b 5), 4 30(TH, gzo), 139'(8), 158(10&)

(M*-$7.14)
(99) 42 21)andd1 2
Pre anon (28,58)-2-t-butyl-1-t-butyloxycar-
bony -(2-car methoxy 2-p‘r‘g)enyl)-3%e yl-
-4-imidazolidinone %
Imidazolidinone ($) 0C-1 (3.84 g, 15 mmol) was
alkylated accor mﬁ to the general procedure.
Methyl 2-bromomet ylacrylate (&) ml) was added at
- 90°° C and the reaction” quenched two minutes
later. Two recrystallizations of the crude product
from dusopropyl ether / hexane gave product 10
&443 8’24 o)as colorless crgstals
C (Found: Ci I%H 8.85; N§79
uire
dg'b 340 rcqmc o Ch 1700
\3R, 1aadC 14 %f&wﬁ& 538 11
ll30cm’, Muz ch|)b98(9Hs
145 (O H s).3od 0 s 311 Q 4.7 16 Hz,
Aag),sis d, J, 16Hz 5/z ch’
163 H ), 423(1H ) 4§6§IH $5,8.33 (1
5),6.17( H. s); g'7ll 97 (100),
165'(9), 96 (14), 57 (98) 41 (17)and 29 (12).

Preparation of (2R,5R)-2-1-busyl-1-1-butylo
carbo’r’:yl S5- {3 cﬁf loropropyl)-3- mue:lyhyl-4 m‘:%azf)y-
lidinone (11)

Accordm 1o the general procedure heterocycle
s g Sﬂ56 g. 10 mmol) was alkylated with
romo-3-c oropropane (1.2 ml, 12 mmol). The
electrophile was added at - 90° C "and the reaction
quenched after warming ug to ambient tem ra-
ture. Recrystallization of the crude product
diisopro y cthcr/hexanc gave pure 11 (2.71 g 81

%) as colorless

Mp. 95 96° Ccr(Found C, 5 H 92 N 84

ncqulrcs 77

g &?25& mCHC $cr{c1§)02
69, 1480 1410 138D, 1365™1320, 12 1165
andl 30 cm-!; §,, (300 MHz cbc: %097(911 s),
1.50 9 15‘6-158 2'H
2.59 IH brs 302(3 .3 3 6(2Hm

m

m. +UST01 221
gl 12 é (21), 17’/ 214) 175 (42) 57 (1035
16 and4



Chiral glycine enolates

Preparation (2R,5 2-1- i-1-2-b
carbo,;yal 5-(4 /- o4 rtine

3-merkyl-4-imidazoli-
dinone

Imndm‘ld:)nonc (R -BOC 1 (3 8 g, 14.8 mmol)
as alky acc uEmo

l Bromo-4-ch|orobucme (2 1 ml 18 1) was

addedbat 70° C and the reacumB mixture quenched

at ambient tem| nmle ¢ puri-

fication and mpe m mlt%nel

re pnoduct 12
84° (Zh 8 9 Iy 8%0.

1
E"Iaﬁ 154%5“ ?4%" ‘E&%E ’?w ic“cl' %3 o
ll30cm 5& 97?1»{,:;;.1.49
)g;Hzgss 6H‘ m). .00( IHﬂss 3.41
noM 298 (12 53 233 5 591(2?5."59
58), 57 (100), 4 (17) 41 (19)

Preparation of a,a’-bis[(25,55)-2-t- i-1-2-bu-
rylox[y{:’arbonyl {; melhle xmxdazohdm-.? yi]-

)
lmxdazol(ndmone (SS) -BOC-1 (2.56 g, 10 mmol) was
alkylated accor P to thc neral procedure.
a,a’-Dibromo-o-xylol 8 g, 6 mmol) was added
in THF (S ml) at - The reaction mixture was
quenched at - 40° C Two recrystallizations of the
crude product from diiso 8rop yl ether / hexane gave
pure roduct 13 (2.39 g, 78 %) as colorless

i?
p 125 -128° C (Found: C 66.5; H, 9l N 8.5.

N,O, uires C, 66.4 8 8s: N
&Iﬁi‘ 9'(*1 0hn CH CIZ{ ' (CHCI. 2973
1480, 4 5 14 3801365, 1255,
d 1125 cm-!

Hz; CDCI
MO UE T, S L (S 5 346 8 H, g
ﬂzhjz ) 3?‘7 ( 8516 Hz,J, 3 Hz),4.30

2 488'2 s}, 6 dad S5 i 2
), 457 (20), 299(108 S7 (49) "X‘z

57 (M* -
(100).

Preparation of (25,55,1'S)-2-t-buryl-1-t-butyl-
oxyca’;bonyl 3- mfelhyl 5-(1- methyl- beor’xzyl) 4- urryu-
dazolidinone (14
For the all?'lanon of imidazolidinone (§)-BOC-1

3.8 mmo? according to the general
grocc ure racemic yl Ibromide 55 2 ml,

7.5 mmol) was added at - . After quenching
the reaction mixture at ambiem temperamre the
usual work up gave the r product 14 (3.16
58 %) as colorleis %ta (ds of crude product
%. by high field
Mp 82. 835°C(Found C 697 H 88‘7h8' ;}7

& 23 T uméfcl: c71 cuc 297
mn
5 bb 148 1450 1405 %75"‘132 116 5

s).l46(9H ) f‘gl 3H d JSsz 852(33—!
4.10 51 H,s), ,br.s), 443 (1 H, s),
7.30(5 H 23 g 57 23), 24‘) (65) 203
(22), 105 (20), 99(25) 7 (100
Pireparation of (28,55,1°S)-2-t-dutyl-1-t-buryl
carbonyl-3 meljlrlyl- -(nuropmp 2“-0)1)-4 -imi ox)'
dinone (15a).
Alkylation of heteroc dycle (S)-BOC 13 ISKS g, 14. 8
mmol) was effecle accordin general
procedure. E-1-Nitropropene (1. ml)wasadded at
100° C. The reaction mixture was quenched 10
:imnutes llne}l; Four rec stal(hza tor;gl ér)om
iisopropyl ether gave pure 15a R as
colo ?essp ycrysmlsg(.ds of crude pnodugt 77 % by

igh field 1H-N
[.]) lO95-111°C(FoundC557 H, 8.7;
12 8.5

5 ol T8 A e e v SNl

m \d
160" Pss 3410 13807 13)70“‘1‘25 10 and
1130 cm 8, (90 MHz;' D 80416)664(3H.d.
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J7Hz), 0.87 (9 H, s), 1.42 (9 H, 5), 2.89 3 H, 5),
y S-l )41 'H) 4.80(11-2

3.40-400 (1 H,br.m), 4101 H, m .
dd, J, 13 Hz, J,'8.5 Hz, 12 A 4 1 H, dd,
{\)132513”(@5?3’(%?3 1&%}5?1 ) ?5!;421-0507).
42(16)and2'l 19). ! ’ ’

General procedure for lhe alkylation of the carbo-
benryloxy denvauve z1
All operations were perfnrmed in well dried
glassware under an argon atmosphere with
complete exclusion of moisture.
To_a stirred solution of lmldazohdmone Z-1
{A’t 36 3. 15.0 mmol) in TH (20 m a solution of

THF / hexane lSSm .5 mmol) was

added dropwnsc at - When the enolate
formation ls complete a green color devel lo)p
(presu dianion derivative) and LDA
addition should be stopped. After stirring for 30
minutes the electrophile was added in one portion.
The reactiori was monitored by t.l.c. (with
fluorescence indicator) during slow warming u
and quenched after completion by the addnuon 0
saturated NH,Cl (3 ml) ’I‘HF was evaporated
the residue exin ether. After washing with
1 NHCI, saturated NaHCO and water the so uuon
was dried (MgS0O,) and ivaporated tod
Chromato, raphy on silica gel and recrystallmtxon
from dllsopropyl ether / hexane gave pure
products.

Preparation of (25,55)-1-be
:- bu"y{3 -melhyl-f.;' ((prop )2-yl)—4’$ulym

e enolate of imidazolidinone (S)-Z-1 (290 g, 10
mmol) was pr according to the general
mce re. After the addition of 2-iodopropane
ml 20 mmol) the mixture was cqpled again to
0° C and then treated with DMPUZ/ (5 ml, 41.5
mmol) The solution was allowed to warm slow ly
10 room temperatuse and stirred for an additional
4 h. After quenching the usual work up gave a
sl:ghtl  yellow sohd which was recrystallized twice
from diisoprop od’ ther / hexanc lo gwe colorless
ﬁ?stals of gr uct 16 (l 97 E‘
p Found: C, 68. 5
s ueCs Hccﬁa 65 H., 8.5; s 963
in
Xib 8 1410 13?)0’ w‘l(yzo 1250 and

0.64 (3 H_br.
;?2), 2.6£ itk

‘ycarbonyl -2-
zolidinone

Preparation of (25, SR)-1-benzyloxycarbonyl-2-1-
Z:‘i? -p‘gnetﬁi-g-mma ylsdyln{clljgl-ti umzazo
none

Followin general procedure imidazolinone
(8$)-Z-1 7 8, 9.3 mmol) was alkylated with
10 omethyl(nmethylsnlane (1.6 ml, I'l.1 mmol).
After warming up to ambient temperature the
soluuon was stirred for additional 1S h at room
rature. The usual work up gave a rale yellow
soh which was chromatographed on silica gel and
recrystalhzcd from dusopropyl cther / hexane to
ﬁi product 17 (1.8 g. Sl %) as colorlcss c stals
p9l-92° (Found 63.5; H, 8 74

HypNy0 81 requnresC 638 H. 86
ﬁ%&bf Hg 1305 15{§d’{3(ﬁ“ §C
300 MHz;
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Preparation of (28,55)-1-benzoyloxycarbonyl-
2-1ibx¢;’;yl-5-car 7, tlwxym)elhyl-.? iethyl - imida-
2olidinone (18).
The Alkylation of heterocycle (S)-Z-1 S:A g 17.2
mmol) was carried out according to the general
procedure. Ethyl bromoacetate (2.1 mi, 18.9
mmol) was added at - 70° C and the reaction
mixture d at - 40° C, The uspal work up
yielded crude Prgduct 18 (5.15 g, 91 %) which was
recrystallized twice from usopmr 1 ether / hexane
to give coloriess cu;_ystals (23g,4 &).
M.p. 97 - 98° C (Found: C, 63.8; H, 7.4; N, 7.45.
C,oH2N;O, requires C, 63.8: H, 7.5: N, 74 %
ﬂ&g’b'ﬂs ¢ 0.9 in CH,CL): v, (CHCI;) 1700,
, 1450, 1415, 1395 1338, 1250, 1175 and
1125 cm-T; 8, (90 MHz; CDCi3) 0.96 (9 H, s),
1. 9 Ha), 2.94 (1 H.m), 302 (3 H s)
3.10-3.70 (1 H, br. m), 3.98 (2'H, q,/ 7 Hz), 4.2
§l H, m), 494 (1 H, d, J 12 Hz, ]
1 Hh:),s.n(l .d.J12Hz, 1f2 132(SH,
m). m/z 320 (4), 319 (M- - 57, 24), 75°(24), 9
(100), 65 (4), 57 (5) and 42 (6).

Preparation of (25.55)-1-benzyloxycarbonyl-2-t-
buryl-5-carbomethoxymethyl-3-methyl-4-imidazo-
lidinone (19).

In a similar procedure to that described for
imidazolidinone 18 carbomethoxymethyl deriva-
tive 19 could be prepared in 44 % yield with methyl
bromoacetate as electrophile.

M.p. 94 - 96° C (Found: C, 62.7; H, 7.4; N, 7.7.
C,oH26N,O¢ requires C, 63.0; H, 7.3 N, 1.7 %),
Ha&-‘ﬁ ¢’1.01n CH,CLY: v (CHCI) 173,

700, 1440, 1415, 1395, 13651360, 1230, 11

and 1125 cm™); § (300 MHz, cbcw 0.96 (
290 (1 H,d, /18 Hz 2 Aé;pha. 3IH,
(1 H, br. m, MZABq}. .55 (3 H, br. 5), 4.3
m), 5.01 2)1 d, J 12 Hz, 1/2 ABq), 5.0
br.s), 5.20(1 H,d, J 12 Hz, 172 ABg), 7.3
), miz 30 M* 1'57.17), 261 (15), 92
(100), 65 (6), 57 (6), 42 (10) and 41 (6).

Peparation of (2S,5R)-5-(0-benzoyl-1-methyl-1-
hvdroxyell&il)- -t-butyl-3-methyl-4-imidazoli-
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general techniques used for_the alkylation of
t-butyloxycarbonyl derivative BOC-1 were also
applied in'this case.
us a solution of (R)-1-benzoyl-2-r-butyl-3-
methyl-4-imidazolidinone!® (2.6 g, 10 mmol) in
THF (40 mlbwa_s added dropwise to a Stirred
solution of LDA in THF / hexane (10.5 ml, 10.5
mmol). The solution was cooled to - 100° C, acetone
was added (1.5 ml, 20 mmol) and after one min. a
solution of acetic acid (3.5 ml, 61 mmol) in THF
(6.5 ml) was added, After warming, the THF was
evaporated, the residue stirred for 10 h in acetic
acid (10 ml). The solution was concentrated, the
residue dissolved in Et,0 washed with 1 NNaOH,
dried (MgSO,) and concentrated to a yellow oil.
Chromatography and recrystallization of the
product gave heterocycle 20 (1.97 g, 62 %) as

colorless crystals. )

M.p. 74 -7r§° C; [a)p + 19 (c 1.0 in CH,Cl,); the
analytical data wcr% in acc%dance with” those
described in the literature®® for the racemic
product.

Preparation of (2S.5R)-2-1-butyl-1-1-butyloxy-
carbo;x:]l-S-clh -3-melhy{-S-(Z-pr‘zpcnyl)-;-yimf-y
dazolidinone (21).

Alkxlauon product 6 (2.1 g, 7.1 mmol) was
alkylated a second time according to the general
procedure for the alkylation of l-butyloxgcarbonyl
derivative BOC-1. Ethyliodide (1.1 ml, 13.6 mmol)

R. Firzi and D. Serpach

was added at - 70° C and then immediately DMPU
(5 ml). The reaction was quenched after warming
up 1o room temperature. The usual work up gave a
ellow oil which was c}_xtomwgnghed on silica gel
o give the S-disubstituted imidazolidinone gl

0. 5736 %) as an am s solid.
Mp. -g)s C(Eoung: 6&%6.:1- l;, 10.2; N
I'CQUIICS .0, - A
Ed&)-’gs‘v’ ¢’1.0'in CH,CL); v i
6PN, , 1455, 136521358131
1165 cm-1:'8,, (90 MHz, CDCPI’»,) $7
JTHz), 1029 H, s), 1.50 (9 g 1.6
1H,m 2.10-2.56LH.mg.2.64 H
00 ? s), 5.03(2H, m .139 ,br. sf. 5.72-
6.33 (1 H, m): m/z 287 (M* - 57,13), 21
(15537) (40), 98 (6), 81 (8), 57 (95), 42 (i8) and 41

Preparation of (28,55)-1-benzoyl-2-t-butyl-5-(2-
mroxyeth 1)-3-methyl-4-imidazolidinone (22).
general techniques used for the alkylation of
t-butyloxycarbonyl derivative BOC-1 were also
applied in'this case.
In detail a solution of (§)-Bz-1 (1.90 g, 7.3 mmol)
in THF (14 ml) was added at - 50° é to a stirred
LD F/hexane solution (14.6 ml, 7.3 mmol).
After the addition of ethylene oxide (1 ml, 20
mmol) BF; - etherate (1.0' ml, 8 mmol, carefully
distilled ow?er CaH,) was added dropwise and the
solution stirred for an additional hour. The usual
work ug sscc gcneral procedure for the alkylation
of BOC-1; ¢ romatograph§ on silica gel) gave
colorless crystals of product 22 (1.24 g, 5% .
M.p. 204 - 205° C (Found: C, 61.1; H, 7.9; N, 9.2.
ol mpurad LA TN
- .Oin sV
1S, 7480, 1450, 1410, Fiod a3, 1360, 1175,
1155, 1110, 1078 and 1025 em’';'8,, (90 MHz
CDCly) 1. 59 H.s), 1.29 - 2.17 (2 H, mg. 2.7%

lH.5 3H,s) 342 (2 H,t,J 6 Hz) 4.42

1 H, m?. s62(1 s}, 7.26 - 713 (5 H, m}; m/z

48 (119, 247 ( 3;, i2 6;. 106 882 05 (100), 77
(37), 57'(5), 51 (6). 42°(13) and 29 (3).

General procedure for the hydrolysis of 1-butyl-
oxycqrbon?lz and bejr.lzyloxyczrbor{yl- of{rolec{lycd
4-imidazolidinones. .

In a typical procedurc a solution of a t-butyi-
ox nyl protected imidazolidinone (4 mmol) in
CH,Cl} (91 ml) was treated with trifluoroacetic acid
A3 ml.zj .2 mmol) and stirred overnight under an
argon atmosphere. The solvent was then evaporated
under reduced pressure. o .
Benzyloxycarbonyl protected imidazolidinones
(4 mmol) were deprotected b catal%nc hydro-
genation in methanol / acetic acid 4 : 1 (20 ml) in the
presence of 10 % Pd/C (0.1 g) at normal pressure
overnight. The catalyst was subsequently filtered
off and the solvent evaporated at reduced pressure,
The residue was transferred with a little acetic acid
max. S ml) and with 0.75 N HCl (40 ml) (only
oubly de-ionised water was used in this procedure
into an Erlenmeyer flask (Pyrex glass, Sovire
stopper). After lze addition of cation exchange
resin (17 ml wet DOWEX 50 W x 8, 20 - 50 mes
p-a., activated with 10 % HC!) the mixture was kcgt
1n the st red flask at 1 C(!gfm18t092 .
Hydrolysis was followed by t.l.c.: Small samples of
the resin were washed in a &:pcuc to neutrality and
eluted with_a little 10 NH;. tl.c.'s were
developed with EtOH / H,0 / NHj conc. 7:2:1 and
sprayed with 3 % ethanolic ninhydrin, When the
upper spot of amino acid methylamide had almost
disappeared the whole resin was applied to a
column, the solution concentrated, the residue taken
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up in a liitle water and also lied to the ion
cxchanger. After with {200 ml{ and
water to ity (ca. 100 ml) the resin was eluted
with 10 % NH, unutl the fractions_were free of
amino acid (tcdd by spotting on & s:liu el plate,
drying a':d spraying with amhydria mner \dvas
evapora ure, res: ue
diss%(l’ved twice in W Ries trated
again in each case. Then the mned twice
in a little refluxing ao¢tone Which wis decanted afu:

coolmg cach time. W purity w
hecked by chiral t.L¢.”%. Finally the amino ac:ds
wcrc dncd at high vacuum over P,0.
Preparation of (R)-p-bromophe ne
Alky ﬁmon prgfductp‘ 8{ Mmoi) was
deprotccted and then y rolysed for 44 h as

gnnthe eneral p re to give amino
ac1d238 732 (?)) agtg, 2?6 )lo}usso}li
aly, +
(cB98|nlNHCl) mg; 10,c10n1R ;
(KBr 1740 l 5 l 90 1405. 1225
1195, 1139, 7$andi01
MHz, LDt 82 H ,410(;‘
.I7Hz 6.94 HdJS .l
dJ8 zl/2

Preparation of (R)-2 amino-3-pentafluorophenyl-
%oplomc acid (24).
pentafluoro derivative 4 (1.3 g, 2.98 mmol)
was deprotectcd and then hydrolysed for 18 h
followmg the 58 ral procedure to give amino acid
24 (0.2 %) as colorless amo crystals.
For analyucal pu ammo acld 4 (0.2 f 6.71
N

mmol) was rec %m HCl
Sl'hs ml) and neu lmng thc soluuon
e very fine crystals were filtered off nnd dned

ovcr P%, to gnve pure amino acid 24 (0.12 g,
M 36 - 238° C (d 60, 26l° 21
6% 1 6& )(lu C) l-[la& (c

n H,0) (lit.
ﬁS) “enantipmer): ?(ﬁr) 1625 1325 1505
415 13;5 13 136b 125, 1065, 970an
8“306 MHz, INDCI/D o 10 H
m) 406

t, /7 Hz); %,,(280 z, ] W,

142.6 (2 m)-l49l(lFt121H7)

Peg 53 (2F, m).
I’rc(;ar(mon of (28,38)-2-amino-3-phenylbutyric

acid

Imidazo ndmonc 14 (1.1 ol) wss dcpro-

tected and then hydrolysed for T og
cncral procedure to give ammo acid 25 ( 293 g

geas a white amorphous solid

For the analysis amino acid 25 (0.107 g, 0.6 mmol)

was dlssolved in INHCI (1 ml) and c Hlization

was effected tymnsg}ﬁ!hep of(hcsounonto6by

the addmono .
Cd +13(c0.78m5N
ng v fKBr y 1 3 . 1545, 1495, 1450,
20 805 765md700cm1
(300MHz 1~Dc1/ o H,d, J 7 HzJ,
S A H. qginet, Rk AL LAk
,m).

To determine the con &unuon of the B-centre
amino acid 25 (70 mgf 9 mmol) and ninhydrin
69.5 mg, 0.39 mmol) were dlssolved in water
10 ml) and benzene was added (6 ml). The
mixture was warmed to 80° C and shaked for
10 minutes. benzene J)hase was separated

dried (MgSO.) and used directly for opucai
rotation mcasutcmcm op + 28 (according to lit.6

(S)-2-phenylpr 1 has a specific rotation (a) of
A A et °
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Preparanou of (R)-2-amino-4-phenylbutyric acid

&Ikylauon 5(20g,5.55 mmol) wis dapm-
m then for 50 h accordin
A xo 1vc (R) 2-amino-4- &\enyl-

gutyricacld(o cg

M.p, 265 - 267° d)[a 46(cl.0mlNHCl)
?" -488,c1.0in'I N Cl KBr) S80
629 14 mo Tis d 490

1nDCl/D,0 H \
255(2 m).sss(n?ugr?b;lo(s m)

e{arauon of (8.5)-a,a’-bis(glycin-2-yl)-o-xy-

BIS- cle 13 (l 31

tected hydrol yse 48 h :coordmg to the

gcncml rocedure but with le amount of ion

exchnng resin to_afford 0459 }& of colorless

crystals. This were vedm2N l(23ml)and
:talluzauon was effecied addmon of S % NH

1.4 ml solutnon reached pH 6). The crystals weré

iltered off and dried ovcr P,0O; to afford pure

amino acid 27 0 325 %).

M.p. 295 - (Found C 572 H, 6.8; N,

C R 4 Gatt 2Hl e ? 5 HCl) H.e4 Nléz‘s

alp + N : r

291 }810 1735 1315 1210, 11)16‘8137580 % 296

N
22Hm; 3. li*((z H,m) 462 (2 H.t, J7’Hz) 7.0

2 13 mmol) was depro-

Cyclization of imidazolidinone 11 and hydro-
l sis to (R)-Proline (28).
hlondc l (1 29 . 3.87 mmol) was dissolved in
‘stirred with triflnoroacetic acid
(2 ml) % or 12 h at ambient temperature. The solvent
was evapprated, the resi uc dissolved in ether and
washed with sammted HCOj3. After evaporation
of the emer. the semi- stallme residue was stirred
for 48 h in methano ml) at room tempemunc
The solvent was removed to yield an amo
solid (0.6 g) which was h¥drolyscd for 7
HCY/DOW 50 mixture Tollow &l
procedure to afford g irolme $ 5
? 200 - 210°C it. 15-220 w) fa]D+7
(c 1.0in H0) (1it.3 ,+848,¢50in

C clization of imidazolidinone 12 and hydrolysis
)-pipecolic acid (
oluuon of hcu:rocy e 12 (14 g. 4.0 mmol) in
2 (12 ml) was treated with trifluoroacetic
lcxaz (3"ml) and stirred for 5 h at 30° C. After
concen- tratlon CH,Cl; (30 ml) was addcd andthc
solution washed wnh saturated NaH l3
solvent was evaporated, the residue d:sso ved in
methanol (lO ml). Aftcr sumng for 6 h at ambu:nt
0.2 ml, 1.43 mmol was
added and the sohmon umed for 24 h at 60°
con- centrated, the residue dissoved in ether (150
ml) and the solution washed twice with saturated
NaHCOs,. Aftcr derg (MgSO4) the solvent was

cneral

e PTEd o Sl e R O34 & (41
c nomato- on si |ca el to yie
%) colorles%r:rysta 8 y g
“’godua was hydrolyzed for 70 h in the
X S0/HCI mixture accordin lo the general
procedure to ﬁlvc (R)sﬂl colic acn (121 mg, 22%)
as shglhll; yello g
267° C 270° a]b +24.4 (¢
0 6 in H;0) (1t55 - 25 or the other
enantiomer)
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3H drolysis of imidazolidinone 16 to (S)-valine

mxdazohdmonc 16 (1.3 g, 3.92 mmol) was depro-
tected and then hydro "for 48 h a rding to the
gcne

dure to give (ﬁ-valim ( 19 42 %)
-30 °C °C); {a 7
mgNHCI)(mSs a](f+270 c5) L lp (CI

Preparation of (R)-2-amino-3- mmelhyl.nlylpro-
iontc acid (31).
midazolidinone 17 (1.0 g. 5.65 mmol) was depro-
tcctcd and subsequently hydrolyzed for 47 h follow-
mlg ﬁencral rocedure to give silyl amino acid
(0.172 ¢, 40 C)

P 256 360° C (Found: C 446 .97 N, 87,
c6 [,sNO,Si requires C, 44.7; H N, 8.7 %)
HB””‘O in 4 N HCI) {KBr 162

1495 1430 1350, 1320 1253? and
770 cm! 8# z, IN DCI/D,O) 017({:11
s), 096(2 m), 385 1 H, my; data for rac.-

Hydrol, :xsc{‘ imidazolidinone 20 to (R)-B-hy-
droxy valine

latlon
dmec(
accor n
(R)-B-hy
amo

roduct 20 (1.34 F 4.20 mmol) was
rolyzcd (dcprotec on not nccessaryg
t e the general procedure to aff
roxr -valine (0.57 g, 30 %) as a white

180-1 1it,66, 200 - 201° C); [a
ll(cO74m5NHC))(l(1t 112c2m5N)l»!CB)
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