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A) Ml-RODUCTION 

In 1981 we first published a method by which an 
amino acid can be a-alkylatcd without forming 
raccmic products (A + B in Scheme I)z. This 
was achieved by converting the amino acid into a 
cyclic acetal (C. D, E) with diastcreosc!ective 
formation of a sterco&nic acctal center. This in 
turn directs the steric course of attack at the cnolatc 
(F, C) in the subsequent alkylation step. In this way 
we were able 10 prepare enantiomcrically pure (R)- 

or(S)- a-alkylatcd &rivuivcs of almost all protein 
amino acidsI l 2. 

Schrmr I Enantiosckctive Bmnching of Amino 
Acids through En&es of Hetemcyclic Acctals. 
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Since we noticed the exceptional sekctivity of 
enolates of type F we became convinced that an 
analogous glycinc - derived cnoktc would lead to 
non - branched amino acids with similar sckctivi- 
tics. It is important to have a chiral glycine enolate 
(see also &on E) not M) 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. 

Sclrrrut Syntb&oftbcCbiralOlycincBMI - 
Derivative Q-Bz-1 by Degradation of Scrint. 

Fint, we took the hard way and did a multistep 
degradation of imidazolidinonts from amino acids 
with suitable side chains, such as rcrinet3 and 
methiooine 7C. By thir route we obtained small 
amounts of the r-butyl-methyl-ilidinore 



52% R. C’IWJ and 0. SCLMCH 

(BMI) (.S)-Bz-1 as outlined in Scirrnu 2 . Indeed, 
the enolate of this glycine derivative was alkylated 
with very high selcctivityt3. This result provided 

strong incentive to search for a simpler way of 
making enantiomerically pure imidazolidinones of 

this type’“. Discarding the notion “that there is a 
mystique and an aura of art to resolutions”, trusting 
a lifetime axpetiencc of Professor J. /u&s that 
“there need be kw - lf any - failures in intelligently 
and systematically executed rcsolutions”t~. and 
knowing that unprotected BMI derivatives 1 are 
rather stab@, we SW a project which kd to the 
results described in the following sections. 

8) PREPARATION AND RESOLUTION OF 

IMIDAZOLIDINONES I @MI) AND 2 (BBI). 

The racemic imidazolidinoner 1 and 2 turned out 

to be remarkably stabk compounds, and thus well 
suited for resolution axperimeats. These cyclic 
ammal derivatives can be handled in open air, they 
am stable to non - aqueous acidic conditions*6*t’, 
and they can be acylated like simple secondary 
amines under Schottcn - Baumann conditions 
(aqueous NaOH) in high yields. Rat.-1 was 

prepared from glycine methyl ester hydrochloride 
as described previously4aJh. The 3-benzyl analogue 
rat.-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 tht 
final stage of its applications. Although Z - protec- 
ted glycine can be usedl* as a starting material for 
the preparation of rat.-2 as indicated in Sc~rmrf, 

Scheme 3 Preparation of the Cllycine Derivatives 
rat.-1 (BMI) and ruc.3 (BBI). 

EtCH~- COBr 

we found that for large - scale preparation 
bromoacetyl bromide is a far more convenient 
starting material. Schiff base formation and 
cyclixation were achieved aa with the methyl 
derivative 1. In both cases the crude products of 
cyclization, which an formed in an exothermic 
reaction upon treatment of the Schifl bases with 

anhydrous metharrolic HCl, were used for the 
reaoludon experiments. 
Of the dozen or so inexpensive enantiomerically 
pure acids avallabk mancklic acidI quickly turned 
out to be very efficient for the msolution of 1. 

Schrru I Resolution of the t-Butyl-methyl-imi- 
dazolidinm 1 with Mandclic Acid 

Solutions of 1 and of mandcfic acid in acetone (both 
saturated at boiling tcmpcratun) were combined 
(1: 1 molar ratio of acid and base) and the resulting 
ammonium salt solution allowed to cool slowly to 
5” C in a cold room. The diastemoisomric salt of 
ii&z - configuration crystallitcs 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 
mandclic acid, producing ca. 40 % of theory of the 
enantiomeric salt. Both are of at least 98 96 purity. 
The procedure has been carried out in scales up to 
many kilogramsm. From the salts, the enantiomcric 
imidatolidinones (R)-(-)-1 and (0(+)-l are ob- 
tained (2 95 %) by treatment with aqueous base in a 
two - phase system, and the mandelic acids are 
recovered in high yields. 
?be BMI derivatives 1 are acylated by di-r-butyl- 
dicarbonate. benzyloxycarbonykhloride, and ben- 
xoylchloride to give BOG, Z-. and Bz-BMI dcriva- 
tives, respectively, under Schotfen - Buumunn con- 
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ditions or with one.upivakat oftrktbyluhc (cu. S&mu 5 Rcsoludoa offbe IkazyL&utylhi- 
an3-t_9afD~21)~~w~,~ damlidirme2(BBT)withtkIIkuonidaoC 

order to fiDd out wkstbor the race& mixtmea of chhlc Acid 

these Bh4I derivatives fom mcemates or cooglo- 
meW8s. and tlms whet& it might be poariblc to 
enrich non-raccmic mixture of ena&ancra or 
even to resolve nctmic mixturea by.mnt, 
melting point diagnmn wem cembli&. 
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Fig.1. Melting Point Diagrams oftht BUI - Deri- 
vurives. Mixturts of the enantiomen (R/S)- BOG1 
wen pnzparcd as described in the experimental 
section (see also 8cknowlcdgcment). 

Obviously, all three BMI derivatives form race- 
mates. This was confirmed by differences in the 
solid-state IR spectra of racemic’mixtures and putt 
cnantiomcrs. Then is a striking dependence of the 
melting bchaviour of the three derivatives on the 
N-protecting group: Z-BMI forms a very stable 
racemate, while the crystals of enantiomcricaIiy 
pure Bz-BMI an 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-raccmic mixtures by crystallizatio&. 
The bcnzyl derivative 2 (BBI) can be resolved 
through a ketogulonate salt23 (Schamr 5). of 
which one diastcnoisomcr ctystallizcs nicely whik 
the other one is an oil. The imidazolidinone f& 
from the crystalline salt with base was acylatcd as 
described above for the BMI analogue to give 
BOC-, Z-, and F-BBI derivatives 2. 

From the oily diartcroisomeric malt the free base 
BBI 2 of smalkr enantiomcric excess was obtained, 
of which ooly the bcnzoyl derivative was suitable 
for enrichment due to its high crystallization 
tendency. The chirality senses of the 
imidazolidinones 2 were pmvcd to be as shown in 
Scheme 5 by alkylation to rruns-substituted hetc- 
rocycks and subsequent conversion to knuvm amino 
acid derivativest**u. 
The chiral glycine derivatives BMI and BBI thus 
available in both enantiomeric 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 
enantiomrs are equally well available=, (ii) rut.-1 

is more easily prepared than rut.-2, (iii) the 
products from BMI can bt hydrolyscd 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 dcbcnzylation, N-protection of the 
intermediate amino acid amide, and diaxota- 
tion18*24. 
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C) ALXYLATIONS OF BOG. Z-, AND BZ-BUI 

LITHWhi ENOLATES. 

The lithium molatcs of the ecyletcd BMI deri- 
vatives 1 arc generated by trcatrncn~ with lithium 
diisopropylamidc (LDA). It is possibk to prepem 
0.2 - 0.5M enolete solutions in tctrehydrofuren 
(THF). In the cesc of BOC- end Bz-BMI, the 
precursors must be added to LDA solutions at 
- 50” C. the Z-BMI nquircs inverse addition26. 
Such enolate solutions from the cartmmetc protected 
BMI derivatives arc almost colorless, end of 
Bordeaux-red color in the case of Bz-BMI. The 
products 3 - 22 of alkylation obtained with alkyl 
halides, acetone and nitropropcne arc shown in 
Schcmrr 6 end 7, along with the yields of 
analytically pure sampks. 

Schrmr 6 Products of Akyhtion of the Lithium 
BOG1 Enolatcs. 
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Alkylaeiar with the hi@y reac&c haltis such as 
iodomethrae, allyllc and bcnzylic chlori& and 
bromides, cyclopmpyl~mctbyliodide, a-hem 
niuik and bromoecedc acid es&n. as well as the 
nitroolefln occurs below - 30” C without addad 
ectiveting cosolvcna. With the less reactive 
alkylatiog reagents longer reaction times and 
warming up to mom temperature (phurylahyl- 
bromide + 5, iodomethyltrimethylsilene + 17) 
were applied or the leactions were carried out in tht 
presence of DMPUn (bromo-chbroalkancs + 11. 
12.2~iodopropenc + 16). 

Schrnr 7 products of Alkylation of the Lithium 
(S)-Z-l and (R)-Bz-1 Enolatcs and a Doubk- 
Alkylation Product. 

As with aldchydes~, the adduct of Bz-BMI enolatc 
to acetone undergoas en ecyl shift under l cidic 
conditions (+ 20). For the preparation of the 
branched amino acid derivative 21, it is advenm- 
gcous to apply tht less reactive iodoethane fint, and 
tlun ally1 bromide. For ring opening of oxirane by 
the Bz-BMI enolatc activation with BF+hcrate is 
necessary. The homoscrinc-derived imidazolidi- 
nont 22 is thus obtain4 in good yiclds~~. 
All reactions of BMI enolatcs which occur with 
formation of only 0~ stcrcogenic center (+ 3 - 13. 
16 - 22) give a single diastereoisomer as judged 
from the high-fold NMR spectra of the crude 
products. Mcasurcmcnts of nuclear Overhuuser 

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 arc frons- 

substituted hetcrocycles. Thus. electrophilic attack 
on the enolate double bond occurs with tel. topicity 
like - as with ell other imidezolidinonc and oxazoli- 
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di~~ncWcsof~~dtkh~hrV8Stdkd 
so f8&1g, the &cuqt&8 rpprolcb the enolate 
from the face opposite to the f-bwyl group. 

Some of the reactions le8ding to the products 
depicted in Scb8rur ,6 ud 7 +erve comment- - 
The his (amino acid) derivative 13 was okained in 
high yield with dibrompxylene even if the 
BOC-BMI enolrte solution wu dowly added to a 
twofold excess of tk d&mm&. We speculate that 
this may be c8use.d by Licnolate aggreg8tes being 
involved3**32. With the leaa reactive aliphatic 
bromo-chloroalksaes (+ 11.12) this effect was not 
observed33. - -Ihe rran-r-butenyl substituted BOC- 
Bh4I 8 was obtained in similar yields either from 
I-chloro-2-butene (St,,) or from 3chloro-1-butene 
(SN.). This l8tter type of rtaction has not been 
observed before with our hetemcyclic enolate~~~, 
and is potentially very usef#. - ‘I& phenyl ethyl 
derivative 14 is noteworthy because it is fanned in 
good yield and reasonable di8stemosekcfivity by 
alkylation with 2.5 equivalent8 af a racemic 
secondary bromide, i.e. with kinetic resolutioo3s. 
After the usual purification procedure (chroma- 
tography of the crude product and recrystallization) 
the pure diastereoisaner 14 was obtained. the con- 
figuration of which was est8bEshed by hydrolysis to 
the amino acid (see Section D) and ninhydrin 
degradation to (5)(+)-2-phenylpropanal (see also 
experiment81 section). - The two products obtained 
in the Michael addition of BOGBMI enolatc to 
nitropropene were epimtric at the &position. The 
main product 158 prevailing by cu. 3:l 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 rruns-coupling between the bridge- 
head hydrogen and its neighbour in the NMR 
spectrum. Thus, the trigonal centers of the cnolate 
and nitroolefin double bonds have combined with 
tel. topicity like (Si,Si), a steric course which had 
been found before with substituted BMI and similar 
heterocylcic enolates and nitroolef~*o~~-~9, see H 
and I 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 crystlllliring products with simple 
aliphatic alkyl halides 

D) HYDROLYSIS OF BOC- AND Z-BMI 
DERIVATIVES 

rn4Jwpfeviouailneci~witbS~mbti- 
tUted imidizdib~ K (Seh.mo 8) beah@ 8 
beslxoylgnntjPintb8 ipositIon~tf.mfoundthat 
mt&dwdc titioa (6tsrqms HCI, reflux) 
were necessary to 8dtkvc hydrolysis to the free 
amino 8clds. llrese Oven isd8ted in purlany race- 
mized form. Only the adduct to akkhydes. in 
which very fadk benzoyl shift from N to 0. and 
thus a depmteetion to imid8zolidinones of type L 
occurs, anrId be hydrolytea to threonine amtlogues 
without difficultya. 

Sclkae 8 Some Clervrge Iat8rmedi8tes o< - N) 
and Amino Acids (23 - 32) obt8irbed by Hydrolysis 
of BMI - Derivatives. Newly formed bonds are 
ma&d by he8vy lines. 

2n 29 
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‘Ihe BOC- and Z-derivatives xiw availrbk can be 
dcprotectedonN(1)underrhtusualmiManhydnn~ 
conditions (trifluomacetic add / methykm chloride 
and H#d-C / acetic tid, reapecdvely) to give the 
fmebascsL.Ahhoughthcse@teirdpMbcandcanbe 
used for N-metbylationr to imidazpbdinones M 
derived from N-methyl amino acidslr28, they were 
hydrolyzed directly to free amino acids in the 
present ttudp. In the case of the chloroalkylau~I 
compounds 11 and 12 the free bases cyclize sponta- 
neously or can bt caused to cy~lize~~ to bicyclic 
imidazolidinones of type N which are subsequently 
hydrolyzed. 
Since the aminal moiety of fme BMI bases of type 
L, M and N cleaves most easily in aqueous acid, 
with formation of pivalakkhy&?~43 and an amino 
acid methyl amide, we chose the methyl amide of 
(5%phenylalaninc as a test substance to elaborate a 
hydrolysis technique with which the racemization in 
the final step leading to free amino acids could be 
suppressed. From ccnain hints in the litera- 
tun44*4s, 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 
phenylaknine amide could bc hydrolyzed by simply 
heating with ion-exchange resin at mflux in water. 
The reaction was accelerated by employing aqueous 
5 2 N hydrochloric acid. Since it is kn~wn~*~~ that 

the rate of mcemixation of amino acids in water is at 
a minimun slightly below pH 1, we arrived at the 
following general procedure. The crude free bake 
BMI (type L in Scheme 8) was added to 0.75 N Ht.3 
in which freshly activated DOWEX@ 50W x 8 (20 - 
50 mesh, p.a. quality) was suspended, such that 
then was a sixfold excess capacity with respect to 
the imidazolidinone. The mixture was heatcd43 at 
reflux and the reaction was followed by taking 
samples of the resin4*, eluting and determining the 
amount of unreacted amide by t.1.c. After compkte 
hydrolysis (18 - 92 hours), the resin was transferted 
to a column and elutcd with aqueous ammonia to 
give the amino acids in the usual waf19, see the 
examples in Scheme 8. The allylated free BMI 
bases from 6.8.10 and 21 could not be cleanly 
hydrolyzed to the cormspondiig amino acids under 
these standard conditions. Liiewise, no free amino 
acids or only impute samples could be isolated by 
applying this procedure to the free bases from the 
cyclopropyl derivative 7. from the nitrile 9. the 
estm 18 and 19. and from the nitro compound 1Sa 
or the derived amineso. So far we have not 

attempted to develop special procedurea for 
isolating these y-functionalized ammd acida or 
derivatives thueof. 

E) DISCUSSiON AND COMPARISON WITH 
OTHER METHODS. 

Insummary,theMdazolidinonu1and2canbe 
especially recommended at this stage for the 
preparation of cirher etuwbmer (a) of amino acids 
with simple diphadc side chains (inclading cyclic 
representatives) (this paper), (b) of phmylaknines 
and analogues (this paper), (c) of threonine-type 
a-amino-B-bydroxy acid.@, and (d) of a-branched 
amino acids 24*8*9. The chiml glycine derivatives 
described here will be useful not’ only for the 
preparation of unnatural, non-protein, or labelled 
amino acids; due to their commercial availability, 
and due to the fact. that it is sometimes not 
straightforward to convert a given amino acid 
stenoselectively into either diasteroisomer of a 
5-substituted imidazolidinom, they can also be used 
for preparing branched amino acids which 

Scheme 9 Possible Application of a BMI Dcriva- 
tive 1 for the Pmpamtion of two EnantiomlXic 
Branched Alanine Derivatives. 

l 

N g-T O 2) IAN 
can4 

d thN+O(, 
r( 
WC 

(S)_Bm-1 

arc formally derived from a protein amino acid 
(such as akninc, see Scheme 9). 
Many other chiral non-racemic glycine derivatives 
have been found to be useful for the amino acid syn- 
thesis5t.Q. Of the glycine derivatives which can be 
used as nucleophiles~2, those shown in Scheme 10 
react with diastereoselcctivities around or above 
90 %. As can be seen. these reagents all rely on the 
use of chin1 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 tire resolution1 b. 
Finally, it is important to point out that the “glycine 
approach” is only one of four possible ways to form 
the stemogenic center of an amino acid selectively 
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(see 0 in Sch.&m8 10). In tWition to using a CC G) EXPERMEfVTAL PART 

bond formation with the ri&duin carbon as the 
key step (a), tbc C.N bond (b). the C,C bond 
involving the carboxyl group (c), ud the a-C,H 
bond (d) can be made by additi& to an appropriate 
trigonal center. We trust that the other porsi- 
bilities will be presented in &er chpptus of this 
symposium-in-print and refrain from discussing 
and comparing. The reader xhould do so. Undoub- 
tedly, the chemical comtnunity will decide over the 
years to come which rrpproach is tht most generally 
useful one. 

Scheme IO Chiral Glycine Derivatives for Ami- Bruker WM-300 or on a Varian VXR-300 spectro- 

no Acid Synthesis by Raactiat with Electrophiles 
meter. TMS was used aa internal standard with 
CDCl or DMSOd as solvent-with D 0 DSS 

(set nf 52). (3-@&thylsilyl)-1 -&pqteauIfonic acid tsodium 
~_~~))wasusedasvltcrmlstandard.Forchc 

R spectra CFCl was used as external 
standard and it was r&orded on the Varian 
VXR-300. The MS s 

T 
ctra were recorded on a 

Hitachi- Perkin-Elmer MU-6M. Optical rotations 
were meatund with a Perkin-Elmer 241 

larimeter. The diaatereoisomeric compositions 
ds = dtaatereosekctivity) were determined b 

H-NMR, (300 MHz) of crude products. Flas z 
chromatography was @o-d accordtng to the 

OhKIM 
method deacrtbed by Sfdl et al. 

I 

Y. N. B&km 0 0 

0. A. Evans 
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and the solution stl 
was UMXI distilled off and ruidue extracted with 
ether. The extract was washed twice with 1 N HCI 
and with saturated NaHCO, dried MgSO,) and 
concentrated to a yellow oil (45.5 g, !I 4 %) which 

Preparation of (R)-2-t- 
b”( 

1-I -carboknzyloxy-3- 
mcthyl-4~imidazolidinone (R)-Z-l). 
A suspension of dias 
man&late) (27 8 $ 

reoisom~ric salt ((S -I-( - 

was washed wiih 9 N N?%,f?,% 
17 

%f&! o$$ 

!!$&:r$=; $!?‘;yd, mmt$&nd &$$$i 
(5.0 ml. 0.1 mp ) were added simultaneously 
stlrr!ng and ICC cooling. After 2 h stirrm 

with 

am.blent _tem 
tw~e with p” N HCl and with sa uratedWta;?O 

ratun the organic 
ph” 

U 

drred (MgSO,&and concentrated to a yellow oil’ 
which crystalhzed. The c stals wed treated with a 
little pentane. crushed tltered off, washed with r 

and dried to afford a white powder (22.9 g, 

Preparation of (R)-I -benro I-3-benzyl-2+butyl- 
-4-imidazolidinonc ((R)-Bz- Zr. 
IIe mothcrl’ our from the enantiomer separation 

4e was concentra d and the residue dissolved in ether 
(150 *ml). After washing with 2 N NaOH (35 ml) the 
solution was concentrated and ti residue taken up 
in CH Cl 100 ml). With stirrin and ice coolin 
1 N Nabd(\O ml) and benzoylchforide (5 5 ml 4% 
mmql) were ad&d simultaneous1 
amblent temperature for an ad is- * 

. After s&rink at 
ltlonal hour the 

organtc phase was dried (MgSO,+) and the solvent 
evaporated. Ret stallizatlon 
colorleps crysta s r 

from ethanol yielded 
of (RI-.B+-2 13.1 g, 64 %; 

\ ~r~~t~z$~,~ld from the ongma13 .6 g rat.-2+hy- 
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Prcparatiav qf (Sj&tknxyl-2-t- I-l-CiUbObC?l- 
9 ryloxr4-imidsPd ((s)-z ) and MCOvC- 

tation by the addition of water. 
filtered off. wasbed with a little aold acetone and 

-I-inridazolidinone ((R)-F-27 
Preparation of (R -3-hen I-2-t-butyl-l -formyl- 

A suspension of diastemoisomeric salt from the 
enantiomer separation (4.7 g. 9.2 mmol) in ether 
(70 ml) was washed with 1 N NaDH (20 ml). The 
organic phase was dliad (h4gS04) and cpncentratod. 
A solution of the ~maintng oi! tn formtc actd 

1 
17.6 

ml) was treated w@ sptac rctd anbyd”+&6.Afzi 
65.6 mmol) wnh sttrrmg and MX c<rolmg 
2 h ice water (8 ml 
stirred for another 1 

was added and the solution 
5 min._ The formic acid was 

eva 
K 

rated, the residue dtssolved in ether and 
was d with 1 N HCl and with 1 N NaOH. The edvr 
phase was concentrated and the residue 
recrystallixed from methanol, Pmci itatiorfi;: 
concentrated CH Cl solution WI -% 

a cblorfess powder (1.2rg, 52 %) of 

Gsneral procedure for the alkylation of t-butyl- 
“A;r’“b”“r! dcrivutive BOC-1. 

operations were performed in well dried 
glasrware under an ar on atmosphere with 
complete txchction of mo i&m 
To a stirred solution of LDA in hexane / THF 

Q 
15.5.ml. 15.5 mm01 a solution of imidaxolidinone 
OC-1 (3.85 g, 1 5) 

added 
6s, 

_m# 
J 

m THF (q ml was 
r’ 

minutes 
After strmng or 30 

e!zt&hik (16 120 mmol) was added 
m one portion. For very reactive ekctrophiks (e.g. 

enolate solution ZE&tZ n!tE?EZ E 
methyl brwwvnc 

additi of the elect DMPgy, (5 d) JQpik on the othtr ha@ 
wan a ded after the addttton ot a 

very un+tive ikctrophik (e.g. 2-iodobutane). 
Exb 

-# 
utd electrophrles were. filtered throu 

I! 
h 

before neat use and soluls were carefu ) 
dried at high vacuum and then used as a 
concentrated THF solution. The reactions were 
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Preparation of (ZS,SS)-5-(E-but-2-enyl)-2-t-but- 
yl-I-t-butyloxycarbonyl-3-methylAimtdazoli- 
dinone (8). 
Followin the eneral procedure imidazolidinone 

t 
S)-BOC% (3.8s g. 15 mmol) was alkyiated with 
R/S)-3chlorobutene (3.8 ml, 37.5 mmol) which 

was added at - 84” C. The.reaction mixtute was 

%l 
uenched after warmmg up to room temperature. 

e crude product was recrystallized from a lntle 

Preparation o (ZR,SR)-2-t-btuyl-l-t-butyloxy- 
carbonyl-5- 3-c 
lidinonc (1 I 

R 
). 

loropropyl)-3-methyl-4-imldoto- 
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Preparation of a,a’-bis[ 
d 

2S,SS)-2-t-butyl-l-t-bu- 
Moxvcarbonyl-3-methyl -imidazoliditwn-S-yll- 

Preparation of (ZS,SS.l’S)-2-t-butyl-l-t-butyl- 
oxvcarbonvl-3-methvl-S-II-methyl-benzvl)-4-imi- 

PI cparation of (2s 
J 

S,l’S)-2-t&uyl-l-t-b 1 
carbonyl-3-mcthyl- -(nitroprop-2-yl)-4-imr zo I- %Y- 
dinonc { 1 Sa). 
Alkylatron of heteroc cle (S)-BOC-1 3.8 g. 14.8 
mmol 
pmce d 

was effecte dy d L general accordin to 
ure. E-1-Nitropropene (1. ml) ~~~ddl~ 

- 100” C. The reactron mixture was 
minutes later. Four ret 

General procedure for tk a&&t& al/the cariw- 
benzylov &rival& Z-1. 
All operations were performed in well deed 
glassware under an argon atmosphere wtth 
complete exclusion of moisture. 
To a stirred solution of imidaxolidinone Z-1 

L 
4.36 g, 15.0 mmol) in THF (20 ml a solution of 
DA tn THF.1 hexane &.~rn@!~ tr;:oE; 

added dropwrse at - 
formation is complete a g&r color devel 
(presumed to be the dianion derivative) and LE 
addition should be stopped. After stirring for 30 
minutes the ekctmphik was ad&d in one portton. 
The reaction was monitored by t.1.c. .(wtth 
fluorescence indicator) during slow warnnng u 
and quenched after completion by the addmon o 7 
saturated NH 
the residue &t ba 

Cl (3 ml). THF was evaporated and 
cted vnth ether. After washin with 

1 N HCl satumted NaHCO and water the so ution ? 
was dn’ed (MgSO,) and bvaporated to dryness. 
Chromatogrclphy on silica gel and recrystalhxation 
from diisopropyl ether / hexane gave pure 
products. 
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2-t-butvl-S-carboethoxvmethvl-3-mcthv $?k!?- 
Preparation of (2SJS)-1 -benroyl 

“r 

Preparation of ZSJS)-I-bensylo 
I, t+yl-S-cq+met 

a&+-2-t- 
oxymcthyl-3-met yl-4-imtdaro- x 

used for the alkylation of 
BOC-1 were also 

kolorkssZ stals. - 
M.p. 74 -7?’ C; [a] 
analytical data we I@ 

+ 19 (c 1.0 in CHzCl,); the 
in accggdance with those 

described in the literature for the racemic 
product. 

Preparation o (2S,SR -2-t-butyl-l-t-butyloxy- 

dazoli&none (id - 
carbon I-5-eth 3 methy 5-(2-propenyl)-4-imi- 

‘- 
Alk lation 
alky atcd I 

product 6 (2.1 
a second time %I 

7.1 mmol) was 
actor mg to the general 

procedure for the alk lation of t-butylox carbonyl 
denvativc BOC-1. &yliodi& (1.1 ml, 11.6 mmol) 

was added at - 700 C and thez~ immediately DMPU 
(5 ml). The reactton was quenched after warming 
up to room tern 

r 
ellow oil whl *dYwas 

ratute. The usual work up gave a 
chmmatograthed on sihca 

o Rive the 5-disubstituted imt azolidinone 
yl 

1 

General procedure for the hydrolysis 4 t-butyl- 
oxvcarbonvl- and benzv~oxwarbonyk protected 
I-imidazolidinones. - _ _ _ 
In a t 

& 
ical procedure a solution of a t-butyJ- 

$# Cl 
n 1 protected imidazolidinone (4 mmol) tn 
liml) was treated with trifluomacctic acid 

(3 t&.56.2 mmol) and stirred overnight under an 
argon atmosphere. The solvent was then evaporated 
under reduced pnssure. 
Benzyloxycarbonyl protected imidazohdinones 
(4 mmol) were dcpmtec!ed !J catal#;1tcg 
genation m methano / acetlc act 4 : 1 ( 
presence of 10 % Pd/C (0.1 g) 81 normal p sure 
ovemi 
off an c! 

ht. The catalyst was subsequently fi te.red Ys 
the solvent eva 

The residue was tmns p” 
rated at reduced p-n?. 

erred with a link acetic acid 
max. 

6 
5 ml) and with 0.75 N HCI 40 ml) (only 

oubly de-ionised water was used in h is procedure 
into an Erlenme er flask (Pyrex glass, 

x 
Sovire 1 

stopper . After 
resm(1 mlwetDOWEX50Wxt$20-50mes 4 

e addition of catton exchan e 
B 

p.a. activated with 10 % HCl the mlxturt was kc t 
m the stoppered flask at 1 oo+omowR. 
Hydrolysis was followed by t.1.c.: 
the rcstn were washed in a 

malI samples of 

eluted with a little 10 $b 
ipette to neutrshty and 

NH3. t.l.c.‘s were 
developed with EtOH / H 0 / NH3 COIIC. 7:2:1 and 
sprayed with 3 % ethanc&c 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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of (2SJS)-2-amino-3-phenylbutyric 

10 minutes. The benzene 

of (sSta,d-bis(glycin-2-yl)-o-xy- 

Cyclitation of imidazolidinone II and hydro- 
1 sis to (R 
6 I hloride 

-Prolrne (2%). 
1 (1.29 3.87 mmol) was dissolved in 

CH Cl (10 ml) ar$stirred with triflooroacetic acid 
(2 r&I for 12 h at ambient temoemturc. The solvent 
was &u&xcd, the &’ UC dissolved in ether and 
washed with saturated rY aHCO1. After evaporation 

concen- tmtmn CH2C12 (30 ml) was added and the 
solution washed with saturated 
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__~ydrolysis of imidazolidinonc 16 to (S)-valinc * Acidic amino acids: J. D. Aebi. D. Seebach. Helv. 
Chim. Acta m. 68.1507. 

9 Basic amino acids: M. Gander-Coquez, D. 
Saeqach* He’v* “‘me .$a=* 7’8 m Pint* 

tuAdduion of ammo actd cnolates to mtrooletins: 
G. Calderari. D. Seebach. Helv. Chim. Acta 1985. 
68.1592, and ref. 37. . 

-. 

(RI-2-amino-3-trimrthylsilylpro- 
1 10xazolidinonc enolates: D. Seebach. A. Fade], 

Helv. Chim. Acta w, 68, 1243.- cf. also: S. 
Karady, J. S. Amato, L. M. Weinstock, Tetrahe- 
dron Lett. w. 39. 4337; A. FadeI. J. Salatin. 
Tetrahtdron Lett. 1p82 28,2243. 

t2Revicw article: D. Seebach. R. Jmwinkelried, ‘lh. 
Webcr, “Modem Synthetic Methods 1986”. Vo14, 
Ed. R. S&&fold, Springer Verlag Berlin, 1986. 

I’D. Seebach, D. D. Milkr. S. MUller, Th. Webcr. 
Ijelv. Chim. Acta IpBI. 68,949. 
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17Upon vacuum distillation (I 35” C / 0.05 torr) 
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1 mo1. Large-scale resolutions have been carried 
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23The diacetonide of 2-keto-L-gulonic acid is an 
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sis and is available at ~(1. 150 SFR/mol from 
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24G. Rumpf masters’ thesis (Diplomat-&it), ETH 
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2slf only one tnantiomer is desired there is pro- 
bably the possibility of recycling Ihe 0tbcf one by 
racemizatim. As mcntiad in fm 16 this is 
not readily achieved by treatment with non- 
aqueous acid. Without having done a systematic 
investigation, we assume that htsting of the free 
bases 1 and 2 and sub- wc&nant with an- 
hydrous acid will cause racemization (see foot- 
note 17 and procedures for cyclization of the 
Schiflbases in the experimental section). 

261f Z-BMI is added to an excess of LDA. olive 
green solutions ah formed. We assume that this 
color arrises from benzylic deprotonation; the 
yields of products are much lower than with 
inverse addition. 

27T. Mukhopadhyay. D. Seebach. Helv. Chim. Acta 
1982.65.385. 

28D. Seebach. E. Juaristi. D. D. Miller, Ch. Schickli, 
Th. Webcr..Helv. Ch&. Acta m 70.237; and 
Ch. Schickli masters’ thesis, EI’H Ztrkh 1986. 

29No benzoyl migration from N to 0 was observed 
in this case (cf. 20 and ref 28). Reactions of 
oxirane with other BMI derivatives were not 
carried out. Due to the more facile cleavage the 
Z-BMI enolate would be preferable. 

300thcr epoxidu such as the one derived from 
rrans-butenc and propene gave poorer yields of 
ring opening products with Bz-BMI enolatc (10 
and 30 % respectively). 

31Review: D. Seebach. “The Robert A. Welch 
Foundation Conference on Chemical Research. 
XXVII. Stereospecificity in Chemistry and 
Biochemistry”. Houston, Texas Nov. 7-9. 1983, 
published in the proceedings of the above 
conference, Welch Foundation, Houston 1984. 

%&ed, Schallkopfs glycinc enolatc reagent gives 
a monoalkylation product with the same 
electrophile, and it is known that lithiated 
bislacfim ethers an present mainly as monomers 
under the reaction conditions: 
D. Seebach, J. Hansen, T. Laubc, W. B. 
Schweizer, J. D. Dunitz, J. Chem. Sot., Chem. 
Comm. m. 853; 
W. Baucr, D. Seebach, Hclv. Chem. Acta I_!& 
67. 1972; 
W. Bauer, T. Laube. D. Secbach. Chcm. Bcr. 
m. 118.764; 
U. Sch8llkopf. R. Hinrichs, R. Lonsky, Angew. 
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33Wilh dibromides we got mon of the 2:l adduct 
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37G. Cal-, Diss. No 7841. ETH Zurich 1985. 
B*Another Michclel acceptor to which the Bz-BMI 
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3%~ did not notice oxidative dimcrization of the 
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mixture (1:2:1) of the diastercoisomcrs; deriva- 
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masters’ thesis (Diplomarbcit). ETH Zurich 
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4orhc BOC-BMI derivatives shown in S&m8 6 
can even be directly hydrolyzed to free amino 
acids under the conditions described here but we 
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48 
base. 
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York 1985, p. 401. 

47Scc ref. 15. on page 414 in rcf.46. 
4*Less than 5 % of the organic material is in the 

aqcuous phase under these conditions. 
4erhe methylamine is removed with the ammonia 

upon concentration of the elucnt. 
soComparc: U. Sch&%llkopf, W. KUhnlc, E. Egcrt. 

M. Dyrbusch, Angcw. Chem. 1p81.99.480. 
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