TETRAHEDRON:
ASYMMETRY

Pergamon TetrahedronAsymmetry10 (1999) 493-509

(R)- and ©)-3-Hydroxy-4,4-dimethyl-1-phenyl-2-pyrrolidinone
as chiral auxiliaries in the enantioselective preparation of
x-amino acids

Pelayo Camp$,Francesc Pérez, Naria Soldevilla and Miguel A. Borrego

Laboratori de Quimica Farmaceutica, Facultat de Farmacia, Universitat de Barcelona, Av. Diagonal 643, E-08028,
Barcelona, Spain

Received 7 December 1998; accepted 14 January 1999

Abstract

rac-x-Amino acids (ac-la—d) were formally deracemized by a four-step reaction sequence: (a) protection
of the amino function as the phthalimido derivative; (b) acyl chloride formation; (c) diastereoselective reaction
with the chiral auxiliariesR)- or (S)-3-hydroxy-4,4-dimethyl-1-phenyl-2-pyrrolidinon®)¢ or (S)-3; and (d) acid
hydrolysis to deprotect both the ester and phthalimido functions. Diastereoselectivities of the intermediade esters
were good (82—96% d.e.), except for the casétnfd1% d.e.), the precursor of valine. The main diastereoisomer of
estergtwas (xR,39)- or (xS,3R)-, except fordd: in this case, working at -78°C, theR,3R)-diasterecisomer was
the main product, which epimerizes easily at th@osition when at room temperature. Acid hydrolysis of esters
4 directly gave the deprotectaxtamino acids, with little or no epimerization at theposition of thex-amino
acid and complete recovery of the chiral auxiliary. OryR(3R)-4d on acid hydrolysis partially epimerized at the
o-position. Moreover, somea-amino acids and theM,N-dibenzyl derivatives were obtained by dynamic kinetic
resolution of diastereoisomeric mixturesoobromo esters derived from the chiral auxiliarie$j- or (S)-3during
reaction with dibenzylamine. © 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

Some time ago we describe@ multigram scale synthesis of both enantiomers of 3-hydroxy-4,4-
dimethyl-1-phenyl-2-pyrrolidinone,R)- and §)-3, and their use for the formal deracemization of
x-arylpropanoic, x-substitutedx-arylaceti@® and x-chloro acidst We also described their use in
an enantioselective synthesis afhydroxy acid8 and x-aryloxypropanoic acid herbicides, such as
dichlorprop-P and mecoprop-P, based on the dynamic kinetic resoluti@fbadmo esters derived from
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these chiral auxiliaries on reaction with substituted phenoxides key point of these transformations
is the efficient recovery of the chiral auxiliary.

Although natural-x-amino acids are readily available, there is an increasing demand for enantiopure
non-naturalx-amino acids, since they are being used as precursors for many? dingsbioactive
compounds, as well as intermediates for the preparation of chiral auxilidries,important chiral
building blocks?

Much work has been done on the asymmetric synthesis-afmino acids, which has been the
subject of many review®¥1! Well-established methods for the synthesis of enantiopueenino acids
include the enantioselective hydrogenatiorxeficylamino dehydroacids; the enzymatic kinetic reso-
lution of racemic mixtures ofx-amino esterd? the diastereoselective electrophilic amination of acid
derivativest*1° the nucleophili¢®~*8 and radical® additions to G=N bonds, including the asymmetric
Strecker synthesi®,?! and thex-amino enolate alkylatiod$23 among others. Other procedures imply
the formal deracemization of racemic precursors: (a) by reaction of a prochiral ketene intermediate
with an enantiopure alcohol such aspantolacton&-2° or (b) by dynamic kinetic resolutif—=3° of
diastereoisomeric mixtures of-substituted acid derivatives derived from chiral auxiliaries such as the
Oppolzer’s sultani! b-pantolacton&? 32 imidazolidin-2-ones? oxazolidin-2-ones? etc.

In this paper we describe the application of the chiral auxiliafi®s énd -3 in the preparation of
enantioenrichedx-amino acids from racemic precursors in two ways: (1) by formal deracemization of
rac--amino acids; and (2) by dynamic kinetic resolutiorrad-x-halo esters derived from these chiral
auxiliaries.

2. Results and discussion

Firstly, we studied the formal deracemizationra€-oc-amino acids using the chiral auxiliariegR){ or
(9-3 through the four-step reaction sequence shown in Scheme 1 which consists of: (a) the protection
of the amino group ofac-x-amino acids as the corresponding phthalimido derivative, as deséfied;
(b) the transformation of the acid function into the corresponding acyl chloride by reaction with thionyl
chloride; (c) the diastereoselective reaction of acyl chloride viRjh@r (S)-3; and (d) the controlled acid
hydrolysis of both the ester and phthalimido groups to give enantioenrigkeaino acid. The use of
the phthalimido protecting group has the advantage of its ease of introduction and removal.

O
NH; A 1) socl O=>N H (Sy-1a-c.HCI
/Krrori /K”/OH ) 80Ct - 6NHCl (o (R)-1a,d.HCI]
R —— N
3 EtsN, A 5 2) s OH 0 CHZCOOH N
toluene o) \Z—i : O (A3
rac-1 rac-2 Yo \Z—L [or (S)-3]
1
1a,2a,4a R = CHy CeHs N (¢)
1b, 2b, 4b R = CH(CHy), (3 CeHs
1c, 2¢, 4c R = CH,CHs Sl S arda.
1d, 2d, 4d R = CgH;s (xS,3R)-4a-c
THF, Et;N [or (R,3R)-4d]
[or (aR,3S)-4a]

Scheme 1. Formal deracemizationoeEimino acidsrac-1a-d, by diastereoselective esterification of the protected racemic acyl
chloride with the chiral auxiliariesR)- or (S)-3
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The key step of this reaction sequence, i.e. the diastereoselective reaction of the acyl chloriR)e and (
or (9-3, was carried out in a similar manner to that developed by our group for the formal deracemization
of x-arylpropanoié andwx-substitutede-arylacetic acid$,which consists of the rapid mixture of the acyl
chloride, the chiral auxiliary and triethylamine in the selected solvent (THF, in this case), usually at room
temperature, without preformation of the intermediate ketene, in contrast with the method described by
Larsen et al®’ in which the ketene was previously formed. Under these reaction conditions, a ketene
may be formed in situ which could experience a diastereoselective addition of the enantiopure alcohol
to give the corresponding diastereoisomerically enriched dstdowever, as we pointed out recently,

a dynamic kinetic resolution of acylammonium intermediates on reaction with the enantiopure alcohol
could also explain the diastereoselectivity of these reactions.

Very recently, Calmes et &f:2> described a similar reaction usirmrpantolactone as the chiral
auxiliary, showing the enormous influence of the tertiary am®,solvent and temperature on the
diastereoselectivity of these reactions. They used two different procedures to carry out the diastereose-
lective ester formation. In one of them the ketene was previously formed at —78°Qy{bemntolactone
was added, performing the reaction at this temperature or at 0°C. Under these reaction conditions, yields
and diastereoselectivities were low, except for the phenylglycine derivative working at —=78°C. In another
procedure the ketene was not previously generated: a solutibFpahtolactone and triethylamine was
added to the acyl chloride solution at the desired temperature. In this case, yields and diastereoselectivities
highly increased, except for the phenylglycine derivative. These results may be indicative of a different
reaction course or of the concurrence of different reaction mechanisms when the ketene is not previously
formed.

As can be seen from Table 1, under our standard conditions, and working at room temperature, yields
and diastereoselectivities were high for the derivatives of alafimand phenylalaninelc, the main
diastereoisomer beingxR,3S) or (xS,3R). The yield was also high for the derivative of validb, the
main diastereoisomer als&x$ 3R) but the diastereoselectivity was low (41% d.e.). In the case of the
phenylglycine derivative,R,3R)-4d (11% d.e.) was obtained. However, working at —-78€R38R)-4d
was obtained in high yield and diastereoselectivity. In this case, the main diastereoisomer was different
from that obtained in the other cases, as had also been observed by Calmes et al. wham using
pantolactoné* When the reaction of the acyl chloride derived froat-2d and R)-3 was carried out
at —78°C for 2.5 h as usual, and the reaction mixture was allowed to warm to room temperature, then
stopped at different times, the d.e. of the isolatadR,@R)-4d showed lower values at longer reaction
times (32, 14 and 12% d.e., after 1, 3 and 18 h at r.t., respectively), demonstrating that this product
epimerizes under the reaction conditions. In an attempt to improve the d@®@S@8Rj)-4b, the reaction
of the acyl chloride derived fromac-2b and R)-3 was carried out at —78°C. However, no reaction was
observed at this temperature after 5 h. Moreover, the reaction of the acyl chloride deriveddr@m
and ©)-3 using 4-(dimethylamino)pyridine (DMAP) instead of triethylamine in THF at —20°C led to
(xS 39-4a (22% d.e.), showing the enormous influence of the amine on the diastereoselectivity of this
reaction?>38:39

Hydrolysis of the diastereoisomerically enriched estéasc with simultaneous cleavage of the
protecting phthalimido group was performed in one step by treatment with a 10:1 mixture of 6 N HCI
and acetic acid? leading to the corresponding enantioenrichedmino acid hydrochloride$a—c-HCI
with little or no epimerization. However, when this treatment was applied to esiRBR)-4d, (R)-
1d-HCl was obtained in good yield but low enantiomeric excess (55% e.e.), showing that an important
degree of epimerization takes place during hydrolysis, a fact that must be due to the greater acidity of
the x-ester hydrogen atom in this case. Curiously, a similar situation had not been previously observed
in the hydrolysis of the correspondirmpantolactone estéf. Other procedures to transformxiR,3R)-
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Table 1
Yieldd® and diastereomeric excesses (di®.s) x-phthalimido esterd and yields, specific rotations
and approximate enantiomeric excesses (e.axyamino acid hydrochlorides-HC 1!

Entry Starting Starting  Reaction o.-phtalimido ester 4 o-amino acid hydrochloride 1-HCI
2 3 Temp. Main diast. yield (%) d.e. (%) Mainenant. yield (%) [a]p* e.e. (%)
1 rac-2a (S)-3 roomtemp. (aR,3S)-4a >99 96 (R)-1a-HC1 94 -7.92 97
(r.t) (7D (399) (+8.2)
2  rac-2a (R)-3 r.t. (aS,3R)-4a 99 95 (S)-1a-HC1 95 +8.03 98
(76) (>99) (+8.2)
3l rac-2a (S)-3 -20°C (aS,35)-4a 98 22
4  rac-2b (R)-3 r.t. (aS,3R)-4b 99 41 (S)-1b-HC1 92 +5.75 40
92) 39) (+14.5)
5 rac-2b (R)-3 -78 °C (aS,3R)-4b 0 -
rac-2¢ (R)-3 r.t. (aS,3R)-4¢c  >99 82 (S)-1c:HC1 94 -11.4 77
95) (78) (-14.8)
7 rac-2d (R)-3 r.t. (eR,3R)-4d 99 11
8 rac-2d (R)-3 -78 °C (eR,3R)-4d 94 8 (R)-1d-HCl 98 -61.8 55
(84) (>99) (-112.3)
9 rac-2d (R)-3 -78°C25h (aR,3R)-4d 94 32
and 1 hr.t.
10 rac-2d (R)-3 -78°C/2.5h (aR,3R)-4d 94 14
and 3 hr.t.
11 rac-2d (R)-3 -78°C/2.5h (oR,3R)-4d 94 12
and 18 hr.t.

Al these reactions were carried out by the general standard procedure described in Section 3.2 at the indicated
temperatures. Yields and d.e.s afphthalimido esterst correspond to crude material; values in parentheses
correspond to yields or d.e.s of the crystallizdd)(or chromatographed4f—d) products used in the hydrolysis

step. The d.e.s of estedswere obtained by HPLC, assuming the relative areas of the peaks to be equal to their

relative molar ratios.

IHydrolysis of the phthalimido esteswas carried out by reaction with a mixture of 6 N HCI (30 ml/mmol) and

AcOH (3 ml/mmol). The values for the specific rotations of standardmino acid hydrochloride&-HCI were

obtained from samples prepared from the corresponding commercially availadoieino acids and are given in
parentheses. The experimental values were obtained by using the same solvent and a concentration close to that used
for the standard sample. In the caseR)f-La-HCI, the given value corresponds to its enantiomer.

[IThis reaction was carried out by the standard procedure, except for the use of DMAP instead of triethylamine

working at —20°C.

4d into (R)-1d-HCI gave still worse results. Attempted deprotection of the amino group by reaction
with hydrazine following described procedurf@ded to the recovery of a 1:1 mixture okR,3R)- and
(xS, 3R)-4d. Basic hydrolysis of the ester function with lithium hydroperoxide, before the cleavage of
the protecting group, led mainly to benzoic acid (80% vyield), while lithium hydroxide hydrolysis of the
ester function followed by 6 N HCI/AcOH hydrolysis of the phthalimido group, did not improve the
enantiomeric excess oR)-1d-HCI.

Another approach to the preparation of enantioenriakexinmino acids (Scheme 2), was based on the
dynamic kinetic resolutio?¥—3° of diastereoisomeric mixtures of-bromoesters¢RS3R)- or (xRS3S)-
5a-d° on reaction with dibenzylamine or potassium phthalimide. Firstly, we carried out a model study
using dibenzylamine as the nucleophile and mixturesx-dfromoesters {RS3R9-/(kRS3SR-5a-d.
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The reaction of a stereocisomeric mixture ofRS3R9-/(xRS3SR-5a with dibenzylamine was carried

out in different solvents (DMSO, acetonitrile and THF) using either Nal (20 equiv., for reactions carried
out in DMSO or acetonitrile) or tetrahexylammonium iodide (0.2 equiv., for reactions carried out in
THF) as the catalyst (Scheme 2 and Table 2, entry 1). The best diastereoselectivities were attained in
acetonitrile or in THF. However, the yield of the reaction carried out in acetonitrile was higher (96%).
Better diastereoselectivities but lower yields were obtained in the reaction of the stereoisomeric mixture
of (kRS3R9-/(®kRS3SR-5d with dibenzylamine (Scheme 2 and Table 2, entry 4). The reaction of the
stereoisomeric mixtures ofxRS3RY-/(RS3SR-5b and (xRS3RY-/(xRS3SR-5¢ with dibenzyla-

mine always gave the corresponding elimination produ§-8b and R9-8c, no matter which solvent

was used (Scheme 3 and Table 2, entries 2 and 3).

Y B (CeHsCH2)N - (CeHsCHa)2N
R P B
O (CgHsCHa)oNH (3 eq) R LIOHH,0 R H - 10% Pd/C
. O o o (R)-1d'HCI
d CH4CN, Nal, 60 °C . O THF/H,O HO EtOH/H,O/HCI
7 (S)-7a
N“T0 o [or (R)-7d]
CeHs N N
CeHs
(aRS,3R)-5a (R)-3
[or (RS,38)-5d] (aS,3R)-6a [or (5)-3]

[or (R,3S)-6d]
5a,6a,7a R=CHj;
5d, 6d, 7d R =CgHs

Scheme 2. Dynamic kinetic resolution @fbromo estersqRS3R)-5a and (xRS3S)-5d on reaction with dibenzylamine

The best reaction conditions [acetonitrile, 60°C, Nal (20 equiv.)] found in the reaction of the stereoiso-
meric mixtures of kRS3R9-/(*’RS3SR-5a,d with dibenzylamine, were applied to the dynamic kinetic
Table 2
Reaction conditions, yiel& and diastereomeric excesses (d@kyf x-dibenzylamino esteré and
yields of ester8 from the reaction ofx-bromoester$ and dibenzylamine

Entry Starting Reaction conditions Reaction product
a-bromoester 5 Solvent T (°C) t(h) catalyst(eq.) Diast. yield (%) d.e. (%)
1lc]  (aRS,3RS)- and (0RS,3SR)-5a DMSO 60 48 Nal (20) (aRS,3SR)-6a 88 80
2] (aRS,3RS)- and (0RS,35R)-5b  THF  reflux 48 Hex4N*I-(0.2)  (RS)-8b 90 ---
3lcl  (0RS,3RS)- and (0RS,35R)-5¢  DMSO 60 48 Nal (20) (RS)-8¢ quant. ---

4kl (0RS,3RS)- and (0RS,3SR)-5d CH3CN 60 48  Nal (20)  (0RS,3SR)-6d  quant. 98
(71 (98)

5 (0RS,3R)-5a CH3CN 60 48  Nal(20) (aS,3R)>-6a  quant. 82
(78) @81
6 (0RS,35)-5d CH3CN 60 48  Nal(20) (aR35)-6d  quant.  >99
67)  (>99

[alYields and d.e.s of-dibenzylamino esters correspond to crude material; values in parentheses correspond to
yields or d.e.s of the crystallizeddR,39)-6d] or chromatographed {RS3SR-6d and (xS,3R)-6a] products used

in the hydrolysis step. The catalyst was always Nal (20 equiv.) for reactions carried out in DMSO or acetonitrile
and tetrahexylammonium iodide (0.2 equiv.) for reactions carried out in THF.

PIThe d.e.s were obtained by HPLC, assuming the relative areas of the peaks to be equal to their relative molar
ratios.

[[IThe same products were obtained in any one of the three solvents (DMSO, THF or acetonitrile) used. Yields were
somewhat higher in acetonitrile.
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Br

R

0 A o . @/\/U\o
j—i (CeHsCH2)2NH (3 eq) i_f o i—r
N" "0 CHaCN, Nal, 60 °C 0”"N

| o N
Cells CeH éGHS
(0RS,3RS)-5b,c 6Hs (RS)-8c
and (aRS,3RS)-5b,c (RS)-8b

5b R = CH(CHg),
5¢c R= CH2C6H5

Scheme 3. Attempted dynamic kinetic resolutionoebromo estersRS3SR-/(«RS3SR-5b,c on reaction with dibenzyl-
amine: formation of the elimination produc®9-8b,c

resolution of xRS3R)-5a and (xRS39)-5d, thus obtaining ¢S 3R)-6aand (xR,39)-6d, respectively, in
good yields and d.e.s (Scheme 2 and Table 2, entries 5 and 6).

Hydrolysis of the a-dibenzylamino ester o(S3R)-6a was carried out by reaction with lithium
hydroxideé"! without noticeable epimerization to give thedibenzylamino acid$)-7ain high yield. The
sign of the specific rotation ofSf-7a*? established its configuration and that of its precursds 3R)-
6a. The e.e. of §-7a could be easily increased to >99% by crystallization from a mixture of ethyl
acetate/hexane. In the case aR39)-6d, lithium hydroxide hydrolysis gave am-dibenzylamino acid,
(R)-7d, whose configuration and e.e. could not be established since, to the best of our knowledge, it had
not been previously described. However, partial epimerization during hydrolysis was evident since the
specific rotation of the crude product was lower than that of the crystallized product. A higher degree
of epimerization (lower specific rotation of the crude acid) was observed when hydrolysis was carried
out by heating &R,39)-6d with a mixture of 2 N HCI in AcOH at 120°C for 18 h. We were not able to
establish the e.e. of this product by chiral HPLC under different conditions. Hydrogenolysis of the benzyl
groups of R)-7d in a mixture of ethanol and water in the ratio of 1:1, containing an excess of HCI, 10%
Pd—C as catalyst and working at 1 atm gav@mino acid hydrochlorideR)-1d-HCI, whose specific
rotation let us assign its configuration and that of its precursai®,35)-6d and R)-7d. Comparison of
the specific rotation of the obtaineR)¢1d-HCI with that of a standard sample showed a 67% e.e., thus
confirming partial epimerization during ester hydrolysis which does not preclude possible epimerization
during hydrogenolysis.

When potassium phthalimide was used as the nucleophile in the dynamic kinetic resolution of
the model stereoisomeric mixture of esteseRS3R]-/(xRS3SR-5a, diastereoselectivities were al-
ways low. The corresponding reaction of potassium phthalimide with the stereocisomeric mixtures of
(dRS3R9-/(xRS3SR-5b and RS3R9-/(xRS3SR-5¢ led mainly or exclusively to the elimination
products R9-8b and R9-8c (Scheme 3), respectively, while the reaction with the stereoisomeric
mixture of (*RS3RY-/(’RS3SR-5d, where elimination of hydrogen bromide cannot take place, led
in medium yield to alcoholRS-3 as the only isolated neutral product, showing that hydrolysis of the
starting ester had taken place, probably via an elimination process through a ketene intermediate, due to
the greater acidity in this case of thweester hydrogen atom, which is also benzylic.

After hydrolysis of esterd and6, the chiral auxiliariesR)- and §)-3 were always recovered in high
yield without epimerization.

The new compounds (esteds—d, 6a,d as diastereoisomeric mixtures and efbras a racemic
mixture) have been fully characterized through their spectroscopic data and elemental analysis. The
and13C NMR spectra of these compounds have been fully assigned taking into account our previous
work.>? The assignment of the signals of the diastereoisomeric mixtures could be easily carried out due
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to their different ratio. The diastereoisomeric ratio of estiersl and6a,d, obtained by HPLC assuming
the relative areas of both diastereoisomers to be equal to their molar ratio, were in good agreement with
those obtained from thH NMR data, through the integration of the signals of the 3-H protongddat
and6a,d, 4x-CHjz protons for4c and GHN proton for4b. Nearly 1:1 mixtures of esteda—d and6a,d
were prepared by standard procedures (see Experimental, Sections 3.8 and 3.11) for the HPLC analysis
and to facilitate the assignment of the spectroscopic data, in cases where the diastereoisomeric excesses
of the diastereoselectively obtained products were high. Assignment of the configurationoeésher
stereocenter of estedsr—d and6a,d was carried out after their hydrolysis to the correspondiramino
acid hydrochloridesla—d-HCI and7a, of known configuration.

In conclusion, the chiral auxiliarie&)- and )-3 have shown their value for the formal deracemization
of severalot-amino acids, via the corresponding phthalimido derivatives. Enantiomeric excesses are
mainly dependent on the bulk of the alkyl substituent atth&tereocenter: the e.e. was high for alanine
(R=Me), not so high for phenylalanine (R=benzyl), and low for valinei{Rs. Phenylglycine is a special
case since the corresponding edigepimerizes rapidly at the-position under the reaction conditions at
room temperature and thus, working at —=78°C was required. Moreover, diastereoselectivity was reversed
in this case, the main diastereoisomer having thie, 8R) configuration, while for the rest of the studied
cases it wasqR,39) or (xS3R). In addition, the enantioselective synthesisxeimino acids based on
the dynamic kinetic resolution of diastereocisomeric mixtureg-tromoestersRS3R)- or (kRS3S)-5
derived from the chiral auxiliariesRjj- or (S)-3 by reaction with dibenzylamine, seems to have a limited
scope due to the competitive elimination of hydrogen bromide, which depends on the acidityBef the
hydrogen atom (phenylalanine) and the steric crowding around-tterbon atom (valine). The dynamic
kinetic resolution works well for the enantioselective preparation of alanine where the steric crowding at
the x-position is low and of phenylglycine, where HBr elimination cannot take place, although in this
case, an important degree of epimerization takes place during hydrolysis of the ester function. According
to the results of O’'Meara et &.using R)-pantolactone, this reaction must also work for ottieamino
acids having primary alkyl substituents at thestereocenter different from benzyl.

3. Experimental

Melting points were determined on an MFB 595010 M Gallenkamp melting point apparatus. 500
MHz *H NMR spectra were performed on a Varian VXR 500 spectrometer and 3001Hind 75.4
MHz 13C NMR spectra on a Varian Gemini 300. Except where otherwise stdteNMR spectra were
recorded at 500 MHz antfC NMR spectra at 75.4 MHz, always in CDCIChemical shifts §) are
reported in ppm related to internal tetramethylsilane. IR spectra were recorded on an FT/IR Perkin—Elmer
spectrometer, model 1600. Optical rotations were measured on a Perkin—Elmer, model 241 polarimeter.
HPLC analyses were performed on a Waters model 600 liquid chromatograph provided with ariable
detector, working aA=249 nm and using column A: Chiralcel OD-H column {2546 cm) containing
the chiral stationary phase cellulose tris-(3,5-dimethylphenylcarbamate) or column Bx@.465cm)
column, containing cellulose bis-(3,5-dichlorophenylcarbamate), covalently bonded to silica Nucleosil
(100 A-5pum), prepared by Prof. C. Minguillén’s research group. Condition A: column A, mixture of
hexane:isopropanol in the ratio of 75:25 as eluent, flow 0.60 ml/min. Condition B: column A, mixture
of hexane:isopropanol in the ratio of 93:7 as eluent, flow 0.35 ml/min. Solvents were of analytical
grade. Elemental analyses were carried out at the Microanalysis Service of the Centro de Investigacion y
Desarrollo (C.1.D.), Barcelona, Spain.
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3.1. General procedure for the preparation i@fc «x-phthalimido acyl chlorides

A solution of therac-x-phthalimido acid (10 mmol), prepared by previously described procedtifés,
in thionyl chloride (15 ml) was heated under reflux for 15 h and concentrated in vacuo tcagive
phthalimido acyl chloride as a solid, which was used without further purification in the following step.

3.2. General procedure for the reaction wc x-phthalimidoacyl chlorides withR)- or (S)-3

Solid rac-x-phthalimido acyl chloride (1.2 mmol) was added to a dried solution (4 A molecular sieves,
1.5 g) of R)- or (9-3 (1.0 mmol) and triethylamine (2.5 mmol) in anhydrous THF (14 ml) under an
argon atmosphere, at room temperature and the mixture was magnetically stirred for 2.5 h. After adding
CHCl, (20 ml), the mixture was washed with 1 N HCIX20 ml) and saturated aqueous solution of
NaHCG; (3x20 ml), dried with anh. Ng50O;, and concentrated in vacuo to give tkghthalimidoesters
4. Chemical yields refer to the total yield of both diastereoisomers.

3.3. (@¢R,39)-4,4-Dimethyl-2-oxo0-1-phenylpyrrolidin-3-yt-phthalimidopropanoate, &R, 3S)-4a

Following the above general procedure, fro8)-8 (1.02 g, 5.00 mmol) andac-2a (1.42 g, 6.00
mmol), (xR,39)-4a (2.02 g, >99% vield, 96% d.e. by HPLC) was obtained as a solid. Crystallized from
a mixture of hexane (30 ml) and ethyl acetate (20 NMR,B9)-4a (1.43 g, 71% yield) showed m.p.
187-189°C, §]p?°=-35.5 (c=1.02, CHG), >99% d.e. by HPLC [Condition A: main diastereocisomer
(xR,39-44, r.t. 26.4 min; (xS,39)-44, r.t. 30 min, k'=3.9, k'=4.6,®x=1.2, Rs=1.8]. IR (KBr)v: 1776,
1751 and 1709 (€0 st) cn?. Cy3H2oN»05 (406.45): caled C, 67.97%; H, 5.46%; N, 6.89%. Found:
C, 67.86%; H, 5.43%; N, 6.87%H NMR §: 1.18 (s, 3H, &«-CHz), 1.34 (s, 3H, #-CHz), 1.77 (d,
J=7.5 Hz, 3H, CHE&l3), 3.51 (d, J=9.5 Hz, 1H,&H), 3.61 (d, J=9.5 Hz, 1H,[H), 5.20 (g, J=7.5 Hz,
1H, CHN), 5.44 (s, 1H, 3-H), 7.15 (tm, J=7.0 Hz, 1Hp#&ta N-phenyl), 7.36 (dd, J=8.5 Hz,3J7.0 Hz,
2H, Hmeta Nphenyl), 7.59 (dm, J=8.5 Hz, 2H,dttho N-phenyl), 7.72 [m, 2H, 5(6)-H phthalimido],
7.85 [m, 2H, 4(7)-H phthalimido]*3C NMR §: 15.4 (CH;, CHCH3), 21.1 (CH, 4x-CHg), 24.8 (CH,
4B-CHgz), 37.7 (C, C4), 47.7 (CH, CHN), 57.7 (GHC5), 79.4 (CH, C3), 119.5 (CH,dttho N-phenyl),
123.5 [CH, C4(7) phthalimido], 125.0 (CH,p@ra N-phenyl), 128.9 (CH, @eta Nphenyl), 131.9 [C,
C3a(7a) phthalimido], 134.1 [CH, C5(6) phthalimido], 138.9 ((hs0 N-phenyl), 167.3 (C), 168.2 (C)
and 169.2 (C) [C1(3) phthalimido, COO and C2].

3.4. («¢S,3R)-4,4-Dimethyl-2-oxo-1-phenylpyrrolidin-3-yt-phthalimidopropanoate,&S,3R)-4a

Following the above general procedure, froR)-8 (0.50 g, 2.40 mmol) andac-2a (0.70 g, 2.90
mmol), (xS3R)-4a (0.98 g, 99% yield, 95% d.e. by HPLC) was obtained as a solid. Crystallized from
a mixture of hexane (25 ml) and ethyl acetate (12 ni$8R)-4a (0.75 g, 76% yield) showed m.p.
187-189°C, §]p?°=+34.9 (c=1.00, CHG), >99% d.e. by HPLC [Condition A: main diastereocisomer
(xS3R)-4a, r.t. 30.5 min; (R, 3R)-44q, r.t. 44.7 min, k'=4.6, k'=7.3, ®=1.6, Rs=4.7]. G3H22N205
(406.45): calcd C, 67.97%; H, 5.46%; N, 6.89%. Found: C, 67.79%; H, 5.44%; N, 6.89%. The IR and
NMR spectra are coincidental with those of its enantiomer.
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3.5. (&S,3R)-4,4-Dimethyl-2-oxo-1-phenylpyrrolidin-3-yt-phthalimido8-methylbutanoate, S, 3R)-
4b

Following the above general procedure, froR)-8 (0.50 g, 2.40 mmol) andac-2b (0.78 g, 2.90
mmol), (®S3R)-4b (1.05 g, 99% vyield, 41% d.e. by HPLC) was obtained as an oil. After column
chromatography [alumina (25 g), GBIy], (xS,3R)-4b (0.98 g, 92% yield) showeadx]5%°=+3.2 (c=1.02,
CHCIl3), 39% d.e. by HPLC [Condition A: main diastereoisomeS@R)-4b, r.t. 23.8 min; xR,3R)-4b,

r.t. 40.9 min, k'=3.4, k’'=6.6,x=1.9, Rs=7.1]. IR (KBr)v: 1755 and 1719 (€0 st) cm’. CosH26N205
(434.51): calcd C, 69.11%; H, 6.04%; N, 6.45%. Found: C, 68.93%; H, 6.04%; N, 6.25%.

3.5.1. Spectroscopic data ak$,3R)-4b obtained from the spectra of the mixture

H NMR §: 0.96 (d, J=7.0 Hz, 3H) and 1.22 (d, J=7.0 Hz, 3H) [CH),], 1.17 (s, 3H, 4«-CHjy),
1.32 (s, 3H, $-CHg), 2.85 [d heptet, J=8.5 HZ,J7.0 Hz, 1H, G4(CHz)>], 3.49 (d, J=9.5 Hz, 1H,&-H),
3.59 (d, J=9.5 Hz, 1H,%H), 4.76 (d, J=8.5 Hz, 1H, CHN), 5.436 (s, 1H, 3-H), 7.13 (tm, J=7.5 Hz, 1H,
Hpara N-phenyl), 7.33 (dd, J=8.5 Hz, J=7.5 Hz, 2Hmidta Nphenyl), 7.56 (dm, J=8.5 Hz, 2H,d#tho
N-phenyl), 7.72 [m, 2H, 5(6)-H phthalimido], 7.86 [m, 2H, 4(7)-H phthalimidb}C NMR &: 19.5
(CH3) and 21.1 (CH) [CH(CH3)2], 21.2 (CHs, 4x-CHg), 24.7 (CH, 48-CHj3), 28.4 [CH,CH(CHa)2],
37.6 (C, C4), 57.6 (CH C5), 58.0 (CH, CHN), 79.3 (CH, C3), 119.4 (CHoptho N-phenyl), 123.5
[CH, C4(7) phthalimido], 124.8 (CH, gara N-phenyl), 128.9 (CH, @eta Nphenyl), 131.7 [C, C3a(7a)
phthalimido], 134.1 [CH, C5(6) phthalimido], 138.9 (Cip8o N-phenyl), 167.62 (C), 168.1 (C) and
168.3 (C) [C1(3) phthalimido, COO and C2].

3.6. (xS,3R)-4,4-Dimethyl-2-ox0-1-phenylpyrrolidin-3-yt-phthalimido-phenylpropanoate,
(xS,3R)-4c

Following the above general procedure, froR)-8 (1.02 g, 5.00 mmol), andac-2c (1.90 g, 6.00
mmol), (xS, 3R)-4c (2.40 g, quantitative yield, 82% d.e. by HPLC) was obtained as an oil. After column
chromatography [silica gel (80 g), GBI,], (xS3R)-4c (2.29 g, 95% yield) showedn]p?°=-65.1
(c=1.00, CHGY), 78% d.e. by HPLC [Condition A: main diasterecisomeiS@R)-4¢, r.t. 38.3 min;
(xR,3R)-4c, r.t. 64.7 min, k'=6.1, k'=11.0,x=1.8, Rs=5.6]. IR (KBr)v: 1781, 1756 and 1716 (O
st) e, CogH26N205 (482.55): caled C, 72.18%; H, 5.43%; N, 5.81%. Found: C, 72.31%; H, 5.64%;
N, 5.52%.

3.6.1. Spectroscopic data ak$,3R)-4c obtained from the spectra of the mixture

H NMR §: 1.20 (s, 3H, 4«-CHa), 1.36 (s, 3H, #-CHs), 3.53 (d, J=9.5 Hz, 1H,&H), 3.616 (dd,
J=11.5 Hz, 14.0 Hz, 1H) and 3.68 (dd, J=5.0 Hz=14.0 Hz, 1H) (Ar-CH), 3.623 (d, J=9.5 Hz, 1H,
5B-H), 5.38 (dd, J=11.5 Hz,'35.0 Hz, 1H, CHN), 5.48 (s, 1H, 3-H), 7.14-7.18 (complex signal, 6H,
Hpara N-phenyl and Ar—-HC-phenyl), 7.36 (dd, J=7.5 Hz;38.5 Hz, 2H, Hneta Nphenyl), 7.60 (dm,
J=8.5 Hz, 2H, Hrtho N-phenyl), 7.65 [m, 2H, 5(6)-H phthalimido], 7.75 [m, 2H, 4(7)-H phthalimido].
13C NMR &: 21.2 (CH, 4x-CHg), 24.9 (CH, 4B-CHg), 34.5 (CH, Ar—CHy), 37.7 (C, C4), 53.4 (CH,
CHN), 57.7 (CH, C5), 79.6 (CH, C3), 119.5 (CH,dZtho N-phenyl), 123.4 [CH, C4(7) phthalimido],
125.0 (CH, ®ara N-phenyl), 126.9 (CH, @ara C-phenyl), 128.6 (CH), 128.8 (CH) and 129.0 (CH)
[Cortho C-phenyl, Gneta Nphenyl and @Gneta Gphenyl), 131.5 [C, C3a(7a) phthalimido], 134.0 [CH,
C5(6) phthalimido], 136.3 (C, ipso Gphenyl), 138.9 (C, (pso N-phenyl), 167.3 (C), 168.1 (C), 168.2
(C) [C1(3) phthalimido, COO and C2].
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3.7. (¢R,3R)-4,4-Dimethyl-2-oxo-1-phenylpyrrolidin-3-yt-phthalimido«-phenylacetate,
(xR,3R)-4d

Following the above general procedure except for the temperature (=78°C),R)edn(@.50 g, 2.40
mmol) andrac-2d (0.88 g, 2.91 mmol), «R,3R)-4d (1.07 g, 94% yield, 86% d.e. by HPLC) was
obtained as an oil. After column chromatography [silica gel (50 g)@}, (xR,3R)-4d (0.96 g, 84%
yield) showed §]p2°=+3.5 (c=0.57, CHGJ), >99% d.e. by HPLC [Condition A: main diastereoisomer
(xR,3R)-4d, r.t. 67.5 min; xS3R)-4d, r.t. 39.6 min, k'=6.3, k'=11.5, x=1.8, Rs=5.1]. IR (KBr)v:
1760, 1772 and 1718 €0 st) cnTt. CygH24N205-0.5H,0 (477.53): calcd C, 70.43%; H, 5.28%; N,
5.87%. Found: C, 70.50%; H, 5.16%; N, 5.97%.

3.7.1. Spectroscopic data akR,3R)-4d obtained from the spectra of the mixture

H NMR &: 0.93 (s, 3H, &«-CHs), 1.32 (s, 3H, #-CHzg), 3.43 (d, J=9.5 Hz, 1H, &H), 3.59 (d,
J=9.5 Hz, 1H, B-H), 5.54 (s, 1H, 3-H), 6.20 (s, 1H, CHN), 7.13 (tm, J=7.5 Hz, 1kpakh N-phenyl),
7.30-7.38 (complex signal, 5H,rikta Nphenyl and khetaand Hpara C-phenyl), 7.56 (dm, J=8.5 Hz,
2H, Hortho C-phenyl), 7.60 (dm, J=8.5 Hz, 2H,dt#tho N-phenyl), 7.71 [m, 2H, 5(6)-H phthalimido],
7.85 [m, 2H, 4(7)-H phthalimido]*3C NMR §: 20.9 (CH, 4x-CHjg), 24.4 (CH, 4B3-CHs), 37.4 (C,
C4), 55.5 (CH, CHN), 57.5 (CH C5), 79.6 (CH, C3), 119.4 (CH,aztho N-phenyl), 123.6 [CH, C4(7)
phthalimido], 124.9 (CH, @ara N-phenyl), 128.6 (CH), 128.7 (CH), 128.9 (CH) 129.7 (CHp[&o C
phenyl, ara C-phenyl, Gneta Nphenyl and @heta Gphenyl), 131.7 [C, C3a(7a) phthalimido], 134.1
(C, Gpso Gphenyl), 134.3 [CH, C5(6) phthalimido], 138.9 (CipSo N-phenyl), 166.9 (C), 167.5 (C),
168.0 (C) [C1(3) phthalimido, COO and C2].

3.8. General procedure for the preparation of the diasterecisomeric mixturespbthalimido esterg

A mixture ofrac-2 (1.0 mmol), dicyclohexylcarbodiimide (DCC, 1.0 mmol), DMAP (0.05 mmol) and
(R)- or (9-3 (1.0 mmol) in CHCI, (10 ml) was stirred at room temperature under an argon atmosphere
for 4 days. The mixture was filtered, the filtrate was washed with a saturated aqueous solution of citric
acid (3x8 ml) and saturated aqueous NaH§X®x8 ml), dried with anh. NgSOy, concentrated in vacuo
and the residue was submitted to column chromatography [silica gel (20 gi;leJHo give pure esters
4 as diastereoisomeric mixtures.

3.8.1. xRS,39)-4,4-Dimethyl-2-oxo-1-phenylpyrrolidin-3-yt-phthalimidopropanoate,{RS,3S)-4a
Following the above general procedure, froaw-2a (0.11 g, 0.5 mmol) andg)-3 (0.10 g, 0.5 mmol),
(xRS39)-4a(0.20 g, 99% yield) was obtained. For the spectroscopic da@RyBg)-4asee Section 3.3.

3.8.1.1. Significant spectroscopic data ofk$,3S)-4a, obtained from the spectra of the mixturetH
NMR &:0.89 (s, 3H, 4«-CHj3), 1.25 (s, 3H, #-CHj3), 1.74 (d, J=7.5 Hz, 3H, CHEd3), 3.41 (d, J=9.5 Hz,
1H, 5x-H), 3.56 (d, J=9.5 Hz, 1H,[%H), 5.16 (g, J=7.5 Hz, 1H, CHN), 5.430 (s, 1H, 3-H5C NMR
0: 15.3 (CH;, CHCH3), 20.8 (CH;, 4x-CHj3), 24.4 (CH;, 4B-CHj3), 37.3 (C, C4), 47.4 (CH, CHN), 57.5
(CHgz, C5), 79.1 (CH, C3).

3.8.2. xRS 3R)-4,4-Dimethyl-2-oxo-1-phenylpyrrolidin-3-yt-phthalimidopropanoate, (RS 3R)-4a
Following the above general procedure, froao-2a (0.11 g, 0.5 mmol) andR)-3 (0.10 g, 0.5 mmol),
(xRS3R)-4a(0.19 g, 95% yield) was obtained. The and'3C NMR spectra are coincidental with those

of (k’RS39)-4a.
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3.8.3. (xRS 3R)-4,4-Dimethyl-2-oxo-1-phenylpyrrolidin-3-yt-phthalimido8-methylbutanoate,
(xRS3R)-4b

Following the above general procedure, froat-2b (0.12 g, 0.5 mmol) andR)-3 (0.10 g, 0.5
mmol), (*RS3R)-4b (0.22 g, 99% vyield) was obtained. For the spectroscopic data88BR)-4b see
Section 3.5.1.

3.8.3.1. Significant spectroscopic data akR,3R)-4b, obtained from the spectra of the mixturetH
NMR &: 0.85 (s, 3H, &«-CHz), 0.95 (d, J=7.0 Hz, 3H) and 1.20 (d, J=7.0 Hz, 3H) [CH}], 1.22 (s,
3H, 4B-CHj3), 2.83 (d heptet, J=8.5 Hz, J=7.0 Hz, 1HH(CHj3),], 3.40 (d, J=9.5 Hz, 1H, &H), 3.55
(d, J=9.5 Hz, 1H, B-H), 4.78 (d, J=8.5 Hz, 1H, CHN), 5.438 (s, 1H, 3-H§C NMR §: 19.3 (CH)
and 20.8 (CH) [CH(CH3)], 21.2 (CHs, 4x-CHj3), 24.3 (CH;, 4B-CHj3), 28.8 [CH,CH(CHj3),], 37.3 (C,
C4), 57.4 (CH, C5), 58.0 (CHCHN), 78.8 (CH, C3).

3.8.4. (xRS 3R)-4,4-Dimethyl-2-ox0-1-phenylpyrrolidin-3-yt-phthalimido-phenylpropanoate,
(xRS3R)-4c

Following the above general procedure, froac-2¢ (0.15 g, 0.5 mmol) andR)-3 (0.10 g, 0.5
mmol), (’kRS3R)-4¢ (0.21 g, 88% yield) was obtained. For the spectroscopic data8BR)-4c see
Section 3.6.1.

3.8.4.1. Significant spectroscopic data okR,3R)-4c, obtained from the spectra of the mixtureH
NMR &: 0.89 (s, 3H, &-CHz), 1.27 (s, 3H, #-CHa), 3.42 (d, J=9.5 Hz, 1H,&H), 3.57 (d, J=9.5 Hz,
1H, 58-H), 3.58 (dd, J=14.0 Hz,311.5 Hz, 1H), 3.67 (dd, J=14.0 HZ=5.5 Hz, 1H) (Ar-GH,), 5.34
(dd, J=11.0 Hz,’¥5.5 Hz, 1H, CHN), 5.46 (s, 1H, 3-H}3C NMR &: 20.7 (CH, 4x-CHs), 24.4 (CH,
43-CHg), 34.8 (Ch, Ar-CHy), 37.2 (C, C4), 53.0 (CH, CHN), 57.4 (GHC5), 79.3 (CH, C3).

3.8.5. (xRS,3R)-4,4-Dimethyl-2-oxo-1-phenylpyrrolidin-3-yt-phthalimido«-phenylacetate,
(xRS 3R)-4d

Following the above general procedure, froac-2d (0.14 g, 0.5 mmol) andR)-3 (0.10 g, 0.5
mmol), (®kRS3R)-4d (0.23 g, 98% yield) was obtained. For the spectroscopic dataRf3R)-4d see
Section 3.7.1.

3.8.5.1. Significant spectroscopic data ok®,3R)-4d, obtained from the spectra of the mixturetH
NMR 6: 0.88 (s, 3H, «-CHgz), 1.33 (s, 3H, #-CHs), 3.42 (d, J=9.5 Hz, 1H, &H), 3.57 (d, J=9.5
Hz, 1H, 38-H), 5.50 (s, 1H, 3-H), 6.24 (s, 1H, CHN}°C NMR §&: 20.8 (CHs, 4x-CHs), 24.2 (CH,
4B-CHj3), 37.3 (C, C4), 56.1 (CH, CHN), 57.4 (GHC5), 79.6 (CH, C3).

3.9. General procedure for the hydrolysisafphthalimidoesterg

A mixture of the a-phthalimidoeste#t (1.0 mmol), acetic acid (3.0 ml), and 6 N HCI (30 ml) was
heated at 120°C (bath temperature) till completion of the hydrolysis (4 h), following the reaction by thin
layer chromatography (TLC). The mixture was allowed to cool to room temperature and the volatile
product distilled off at reduced pressure. Water (30 ml) was added to the residue and extracted with
ethyl acetate (830 ml). The aqueous layer was concentrated in vacuo to giyeof (9-1-HCI. The
combined organic layers were dried with anh,8@&, and concentrated in vacuo. The residue was taken
up in CHCl> (10 ml) and filtered. The filtrate was concentrated in vacuo to diyedr (S)-3.
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3.9.1. §)-x-Aminopropanoic acid hydrochloride {alanine hydrochloride), $)-1a-HCI

From (@S 3R)-4a (0.60 g, 1.48 mmol, >99% d.e. by HPLCE{){1la-HCI (0.18 g, 95% yield) was
obtained as a solid, m.p. 207-209°C (deax]j?°=+8.03 (c=1.01, HO), approx. 98% o.p. A standard
sample of §)-1a-HCI, obtained from_-alanine (Fluka), showedx]p?°=+8.2 (c=1.02, HO).

3.9.2. R)-x-Aminopropanoic acid hydrochlorided{alanine hydrochloride),R)-1a-HCI
From (&R,39-4a (1.00 g, 2.46 mmol, >99% d.e. by HPLCR)(1a-HCI (0.29 g, 94% vyield) was
obtained as a solid, m.p. 206—208°C (deax)p[*°=-7.92 (c=1.00, HO), approx. 97% o.p.

3.9.3. §)-x-Amino3-methylbutanoic acid hydrochloride {valine hydrochloride), $)-1b-HCI

From (@S3R)-4b (0.37 g, 0.85 mmol, 39% d.e. by HPLC)X){1b-HCI (0.12 g, 92% yield) was
obtained as a solid, m.p. 228-230°C (deax]j?°=+5.75 (c=1.04, HO), approx. 40% o.p. A standard
sample of §)-1b-HCI, obtained from.-valine (Fluka), showedo]p?°=+14.5 (c=1.01, HO).

3.9.4. §)-x-Amino-phenylpropanoic acid hydrochloride {phenylalanine hydrochloride),
(S)-1c-HCI

From (@S3R)-4c (0.85 g, 1.76 mmol, 78% d.e. by HPLCY){1c-HCI (0.33 g, 94% yield) was
obtained as a solid, m.p. 229-231°C (deax]g?°=-11.4 (c=0.98, HO), approx. 77% o.p. A standard
sample of §)-1c-HCI, obtained fronL-phenylalanine (Sigma), showed]p?°=-14.8 (c=1.01, HO).

3.9.5. R)-ax-Amino-x-phenylacetic acid hydrochlorided{phenylglycine hydrochloride)R)-1d-HCI
From @R,3R)-4d (0.70 g, 1.50 mmol, >99% d.e. by HPLCR)¢1d-HCI (0.27 g, 98% vyield) was

obtained as a solid, m.p. 254-256°C (deax]j2°=—61.1 (c=1.15, HO), approx. 54% o.p. A standard

sample of R)-1d-HCI, obtained fronp-phenylglycine (Fluka), showedx]p?°=-112.3 (c=1.01, KO).

3.10. General procedure for the reaction@fbromoester$ with dibenzylamine

A mixture of x-bromoeste&® (1.0 mmol), dibenzylamine (3.0 mmol) and sodium iodide (20 mmol)
in anh. acetonitrile (60 ml) was heated under reflux in an argon atmosphere for 48 h. The mixture was
concentrated in vacuo, GEl» (100 ml) was added to the residue and the solution was washed with
5% aqueous citric acid solution X830 ml) and saturated aqueous NaH{C&lution (3x30 ml). The
organic layer was dried with anh. h&O, and concentrated in vacuo. The residue was purified by column
chromatography [alumina, Gi€l»] or by crystallization.

3.10.1. S,3R)-4,4-Dimethyl-2-oxo-1-phenylpyrrolidin-3-yt-(N,N-dibenzylamino)propanoate,
(xS,3R)-6a

Following the above general procedure, fromRS§3R)-5a (1.70 g, 5.00 mmol), ¢S 3R)-6a (2.79 g,
82% d.e. by HPLC) was obtained as a crude product which after purification by column chromatography
[alumina (50 g), CHCI;] gave analytical grade oilyo(S3R)-6a [1.77 g, 78% yield, 81% d.e. by
HPLC, Condition A: main diastereocisomax$3R)-6a, r.t. 13.1 min; kR,3R)-6a, r.t. 21.1 min, k'=1.4,
ko'=2.9,=2.1, Rs=7.3]. §]p?°=-54.7 (c=1.07, CHG). IR (NaCl) v: 1737 and 1716 (€O st) cn1?.
Ca9H32N203 (456.60): calcd C, 76.28%; H, 7.07%; N, 6.14%. Found: C, 76.21%; H, 7.13%; N, 6.07%.

Main diastereoisomeftH NMR §: 1.16 (s, 3H, «-CHjz), 1.29 (s, 3H, #-CHs), 1.39 (d, J=7.0 Hz,
3H, CH3CH), 3.55 (d, J=9.5 Hz, 1H,&-H), 3.63 (d, J=9.5 Hz, 1H,[5H), 3.65 (q, J=7.0 Hz, 1H, CHN),
3.79 (d, J=14.0 Hz, 2H) and 3.89 (d, J=14.0 Hz, 2H) (2Q¥benzyl), 5.50 (s, 1H, 3-H), 7.17 (tm,
J=7.5 Hz, 1H, Hhara N-phenyl), 7.20 (tm, J=7.5 Hz, 2H, pdra N-benzyl), 7.28 (tm, J=7.5 Hz, 4H,
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Hmeta Nbenzyl), 7.38 (dd, J=7.5 Hz,38.5 Hz, 2H, Hneta Nphenyl), 7.41 (broad d, J=7.5 Hz, 4H,
Hortho N-benzyl), 7.64 (dm, J=8.5 Hz, 2H,dftho N-phenyl).13C NMR §&: 15.7 (CH;, CH3CH), 21.4
(CHs, 4x-CHs), 24.7 (CH, 4B-CHjg), 37.2 (C, C4), 54.1 (CH N-benzyl), 55.9 (CH, CHN), 57.7 (CH
C5), 78.1 (CH, C3), 119.5 (CH, &¢tho N-phenyl), 124.9 (CH, @ara N-phenyl), 126.8 (CH, @ara
N-benzyl), 128.1 (CH, Grtho N-benzyl), 128.7 (CH, @&eta Nbenzyl), 129.0 (CH, @eta Nphenyl),
139.1 (C, Gpso N-phenyl), 139.9 (C, (pso N-benzyl), 168.8 (C, C2), 172.7 (C, COO).

3.10.2. R9-4,4-Dimethyl-2-oxo-1-phenylpyrrolidin-3-y8-methyl«-butenoate, RS)-8b

Following the above general procedure, from a mixtureocdR§3R-/(xRS3SR-5b (0.18 g, 0.49
mmol) and after purification by column chromatography [silica gel (15 g).@}], (RS-8b (0.16 g,
90% vyield) was isolated as a solid, m.p. 71-73°C (ethyl acetate/hexane). IR Nal713 (C=0 st),
1648 (G=C st) cnT!. C;7H21NO3 (287.37): caled C, 71.05%; H, 7.37%; N, 4.87%. Found: C, 70.89%;
H, 7.34%; N, 4.87%!H NMR (300 MHz) &: 1.13 (s, 3H, «-CHs), 1.31 (s, 3H, #-CH3), 1.94 (d,
J=1.3 Hz, 3H, CH-C-CHs-anti), 2.22 (d, J=1.2 Hz, 3H, CHC—CH3-syn), 3.51 (d, J=9.5 Hz, 1H,
5a-H), 3.62 (d, J=9.5 Hz, 1H,[H), 5.45 (s, 1H, 3-H), 5.85 (m, 1Hx-H), 7.16 (tm, J=7.5 Hz, 1H,
Hpara N-phenyl), 7.38 (dd, J=8.5 HZ,J7.5 Hz, 2H, Hneta Nphenyl), 7.64 (dm, J=8.5 Hz, 2H ,d#tho
N-phenyl).13C NMR §&: 20.5 (CH;, CH=CCHz3-syn), 21.2 (CH, 4x-CHg), 24.9 (CH, 4B-CHg), 27.5
(CH3, CH=CCHgs-anti), 37.4 (C, C4),57.7 (CKH C5), 77.3 (CH, C3), 115.1 (CH,& 119.4 (CH, @rtho
N-phenyl), 124.7 (CH, @ara N-phenyl), 128.9 (CH, @eta Nphenyl), 139.1 (C, (bso N-phenyl), 158.9
(C, CB), 165.5 (C, COO0), 169.4 (C, C2).

3.10.3. R9-4,4-Dimethyl-2-oxo-1-phenylpyrrolidin-3-yl cinnamatBS)-8c

Following the above general procedure, fromRS3R-/(kRS3SR-5¢ (0.42 g, 1.01 mmol), and after
purification by column chromatography [silica gel (20 g), £&Hp], (R9-8c (0.34 g, >99% vyield) was
isolated as a solid.

3.10.4. xR,39)-4,4-Dimethyl-2-oxo-1-phenylpyrrolidin-3-yk-(N,N-dibenzylamino)x-phenylacetate,
(xR,39)-6d

Following the above general procedure, fromRS§39)-5d (2.40 g, 5.97 mmol), ¢S 3R)-6d (3.89 g,
>99% d.e. by HPLC) was obtained as a crude product which, after purification by crystallization [ethyl
acetate (70 ml)], gave analytical gradeR,35)-6d [2.08 g, 67% yield, >99% d.e. by HPLC, Condition B:
main diastereoisomenR,39)-6d, r.t. 25.4 min; (xS,39-6d, 35.9 min, k'=1.5, k'=2.7,®=1.8, Rs=7.8],
m.p. 181-183°C (ethyl acetate}x]p?°=-13.4 (c=1.19, CHG). IR (KBr) v: 1738 and 1708 (€O st)
cm L. Ca4H34N203 (518.68): calcd. C, 78.73%; H, 6.61%; N, 5.40%. Found: C, 79.01%; H, 6.70%; N,
5.44%.'"H NMR &: 0.99 (s, 3H, &«-CHz), 1.28 (s, 3H, #-CHs), 3.50 (d, J=9.5 Hz, 1H,&H), 3.63 (d,
J=9.5 Hz, 1H, B-H), 3.83 (s, 4H, 2CH N-benzyl), 4.75 (s, 1H, CHN), 5.62 (s, 1H, 3-H), 7.17 (tm, J=7.5
Hz, 1H, Hoara N-phenyl), 7.20 (tm, J=7.0 Hz, 2H,pdra N-benzyl), 7.26—7.44 (complex signal, 15H,
Hortho N-benzyl, Hortho C-phenyl, Hbara C-phenyl, Hneta Nphenyl, Hneta Nbenzyl and Hineta
C-phenyl), 7.64 (dm, J=8.5 Hz, 2H,d#tho N-phenyl).13C NMR §&: 21.2 (CH;, 4x-CH3), 24.7 (CH;,
43-CHg), 37.2 (C, C4), 54.0 (CH N-benzyl), 57.7 (CH, C5), 65.5 (CH, CHN), 78.2 (CH, C3), 119.5
(CH, Cortho N-phenyl), 124.9 (CH, @ara N-phenyl), 126.9 (CH, @ara N-benzyl), 127.8 (CH, @ara
C-phenyl), 128.2 (CH, Grtho N-benzyl), 128.3 (CH), 128.7 (CH) and 128.97 (CHp(@o C-phenyl,
Cmeta Gphenyl, Gneta Nphenyl), 129.01 (CH, @eta Nbenzyl), 136.6 (C, (pso Gphenyl), 139.0 (C,
Cipso N-phenyl), 139.4 (C, pso N-benzyl), 168.6 (C, C2), 171.1 (C, COO).
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3.11. Procedure for the preparation of diastereoisomeric mixturesx-gN,N-dibenzylamino) esters
(xRS3R)-6aand (xRS,3S)-6d

Diastereoisomeric mixtures af-(N,N-dibenzylamino) estersxRS3R)-6a and (xRS39-6d, in a
ratio close to 1:1, were prepared from mixturesoebromo esters{RS3R)-5a or (kRS39)-5d by a
variation of the general procedure given in Section 3.10, in which sodium iodide was not added, toluene
was used as the solvent, and the reaction was carried out at the reflux temperature.

3.11.1. RS 3R)-4,4-Dimethyl-2-oxo-1-phenylpyrrolidin-3-yt-(N,N-dibenzylamino)propanoate,
(xRS3R)-6a

From a mixture of kRS3R)-5a (340 mg, 1.0 mmol), (RS3R)-6a (410 mg, 91% yield) was obtained.
The spectroscopic data ak§ 3R)-6a were described in Section 3.10.1.

3.11.1.1. Significant spectroscopic data akR,3R)-6a, obtained from the spectra of the mixturetH
NMR 6: 1.24 (s, 3H, «-CHs), 1.34 (s, 3H, $#-CHs), 1.43 (d, J=7.5 Hz, 3H, B3CH), 3.53 (d, J=9.5
Hz, 1H, 5x-H), 3.629 (d, J=9.5 Hz, 1H,BH), 3.68 (g, J=7.0 Hz, 1H, CHN), 3.74 (d, J=14.0 Hz, 2H)
and 3.91 (d, J=14.0 Hz, 2H) (2G N-benzyl), 5.47 (s, 1H, 3-H)}3C NMR &: 15.4 (CH;, CH3CH),
21.5 (CH;, 4x-CHj3), 24.8 (CH, 4B-CHg), 37.2 (C, C4), 54.4 (CH N-benzyl), 56.4 (CH, CHN), 57.74
(CHgp, C5), 78.1 (CH, C3).

3.11.2. xRS 39)-4,4-Dimethyl-2-oxo-1-phenylpyrrolidin-3-yt-(N,N-dibenzylamino)x-phenyl-
acetate, kRS 39)-6d

From a mixture of §RS39)-5d (300 mg, 0.8 mmol), {RS39)-6d (360 mg, 92% yield) was obtained.
The spectroscopic data akR,39)-6d were described in Section 3.10.4.

3.11.2.1. Significant spectroscopic data ak®,3S)-6d, obtained from the spectra of the mixturetH
NMR &: 1.09 (s, 3H, «-CHg), 1.39 (s, 3H, $#-CHg), 3.51 (d, J=9.5 Hz, 1H,&-H), 3.65 (d, J=9.5 Hz,
1H, 58-H), 3.80 (d, J=14.5 Hz, 2H) and 3.90 (d, J=14.5 Hz, 2H) (3@Hbenzyl), 4.81 (s, 1Hx-H),
5.64 (s, 1H, 3-H)1°C NMR &: 21.4 (CH, 4x-CHg), 24.8 (CH;, 4B-CHs), 37.2 (C, C4), 54.2 (CH
N-benzyl), 57.7 (CH, C5), 65.7 (CH, &), 78.3 (CH, C3).

3.12. General procedure for the reaction@fbromo ester$ with potassium phthalimide

A mixture of x-bromo esteb (1.0 mmol), potassium phthalimide (1.0 mmol) and sodium iodide (20
mmol) in acetonitrile (80 ml) was heated at 60°C in an argon atmosphere for 48 h. The mixture was
concentrated in vacuo, GBI, (100 ml) was added to the residue and the solution was then washed
with H20 (3x30 ml). The organic layer was dried with anh.4$&, and concentrated in vacuo and the
residue purified by column chromatography [silica gel (20 g)2CH]. A similar procedure was used for
the reactions carried out in DMSO as solvent. For the reactions carried out in THF, tetrahexylammonium
iodide (0.2 mmol) was used as a catalyst instead of sodium iodide.

3.13. General procedure for the hydrolysiscoi{N,N-dibenzylamino) este®

Solid LIOH-H20 (1.5 mmol) was added to a solution @f(N,N-dibenzylamino) estes (1.0 mmol)
in a mixture of THF (20 ml) and water (5 ml), and the mixture magnetically stirred at room temperature
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until completion of the hydrolysis (3 days), following the reaction by thin layer chromatography (TLC).
The mixture was concentrated in vacuo, 0.5 N NaOH (30 ml) was added to the residue and then the
mixture was extracted with Gi€l, (2x10 ml).

Work-up A [for (xS 3R)-6a]: the combined organic layers were dried with anh,8l@; and concen-
trated in vacuo to giveR)-3. The aqueous layer was made acidic with acetic acid and extracted with
CHyCl, (5x20 ml). The combined organic layers were dried with anhe 3, concentrated in vacuo
and dried for 8 h at 60°C/1 torr to give)7a.

Work-up B [for (xR,39)-6d]: the combined organic layers were dried with anhp8@; and concen-
trated in vacuo to give a mixture o8)-3 and R)-7d. Column chromatography [alumina (7 g)] of this
mixture gave $-3 on elution with a mixture of CBHClo/methanol in the ratio of 99.5:0.5, anR)¢7d on
elution with a mixture of CHCI,:methanol:acetic acid in the ratio of 99:0.5:0.5.

3.13.1. (S)x-(N,N-Dibenzylamino)propanoic acidS)-7a

From (@S 3R)-6a (603 mg, 1.30 mmol, 81% d.e.), following the above reaction procedure and work-
up A, (9-7a[334 mg, 94% vyield, &]p?°=-34.5 (c=2.01, methanol)] was obtained as a solid, which
was crystallized from a mixture of ethyl acetate (2 ml) and hexane (15 ml) to §wv&a((207 mg, 59%
yield), m.p. 84-86°C,k]p%°=-44.9 (c=2.00, methanol) [described in Velluz etd«]p?°=-45 (c=2.00
methanol)] >99% o.p. IR (KBry: 3500-2000 (O-H st), 1719 and 16170 st) cni®. 1H NMR (300
MHz) §: 1.40 (d, J=7.1 Hz, 3H, B3CH), 3.58 (q, J=7.1 Hz, 1H, CHN), 3.67 (d, J=13.5 Hz, 2H) and 3.88
(d, J=13.5 Hz, 2H) (2CEkIN-benzyl), 7.34 (complex signal, 10H, Ar-Kt-benzyl), 9.1-9.8 (broad s, 1H,
*NH). 13C NMR §: 11.2 (CH;, CH3CH), 54.5 (CH, N-benzyl), 57.5 (CH, CHN), 127.8 (CH,f@ara N-
benzyl), 128.6 (CH, Grtho N-benzyl), 129.0 (CH, @eta Nbenzyl), 137.0 (C, (pso N-benzyl), 175.3
(C, COO0).

3.13.2. R)-x-(N,N-Dibenzylamino)x-phenylacetic acid,R)-7d

From (®R,39-6d (518 mg, 1.00 mmol, >99% d.e.), following the above general procedure and work-
up B, R)-7d [309 mg, 93% yield, &]p%°=—49.2 (c=0.22, CHG)] was obtained as a solid, which was
crystallized from a mixture of ethyl acetate (2.5 ml) and hexane (17 ml) to &+ d (234 mg, 71%
yield), m.p. 78-79.5°C ] p2°=-56.6 (c=0.20, CHG). The e.e. of this product could not be established
by chiral HPLC using columns A and B, under several different conditions. IR (B3%00-2200 (O-H
st), 1713 and 1622 (€0 st) cnl. CoH21NO, (331.43): caled. C, 79.73%; H, 6.39%; N, 4.23%. Found:
C, 79.73%; H, 6.48%; N, 4.34%H NMR (300 MHz) 6: 3.60 (d, J=13.7 Hz, 2H) and 3.92 (d, J=13.7
Hz, 2H) (2 CH N-benzyl), 4.71 (s, 1H, CHN), 7.34 (complex signal, 15H, Ar—H), 9.0-10.0 (broad s,
1H, *NH). 13C NMR 6&: 54.5 (CH, N-benzyl), 66.8 (CH, CHN), 127.7 (CH,dttho C-phenyl), 128.4
(CH, Cpara C-phenyl), 128.5 (CH, @ara N-benzyl), 128.6 (CH, Grtho N-benzyl), 129.0 (CH, @eta
N-benzyl), 129.7 (CH, @eta Gphenyl), 133.8 (C, (pso Gphenyl), 137.3 (C, (pso N-benzyl), 174.6
(C, COO0).

3.14. R)-x-Aminowx-phenylacetic acid hydrochlorided{phenylglycine hydrochloride)R)-1d-HCI

A mixture of (R)-7d (140 mg, 0.42 mmol), conc. HCI (0.2 ml), 10% Pd-C (0.5 g) in a mixture of
ethanol/water in the ratio of 1:1 (20 ml) was hydrogenated at 1 atm for 1 h. The mixture was filtered and
the filtrate was concentrated in vacuo to gi®-(d-HCI (77 mg, 98% vyield), &]p2°=-75.5 (c=1.07,

H,0), 0.p. 67%.
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