é@@\

TETRAHEDRON
Tetrahedron 54 (1998) 1753-1762

Pergamon

Jo Van Betsbrugge, Wim Van Den Nest, Patricia Verheyden, Dirk Tourwé*
Vrije Universiteit Brussel, Eenheid Organische Chemie. Pleinlaan 2, 1050 Brussel, Belgium
Received 7 August 1997, accepted 2 December 1997

Abstract: A convenient
benzyl-3-phenylpropyl)-g
phenyl-L-proline is reported. All compounds were prepared in good dlaslereomenc or enantiomeric
purity from L-pyroglutamic acid. Trans-4-benzyl-cis-5-phenyl-L-proline was prepared by benzylation
of Boc-L-Pyr-OBn, ring opening with phenyllithium and subsequent cyclisation. Hydrogenolysis
under mild conditions then furnished L-o-(2-benzyl-3-phenylpropyl)-glycine. In a similar way, L-o-
(3-phenylpropyl)-glycine was prepared from cis-5-phenyl-L-proline by catalytic hydrogenolysis.
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INTRODUCTION

synthesis of various substituted prolines. -7 One area of interest in which substituted prolines play a major role,
is the domain of peptides and peptidomimetics. Substituted prolines, for example, have been used to restrict the
conformational behaviour of ﬂexible small peptides. 4.8-10 Recently, the utility of cis-5-phenylproline was also
demonstrated for ACE inhibitors.' ' Several examples of peptidomimetics which are based on a proline skeleton

are also cited in the literature.*11-10

In the present paper, frans-4-benzyl—cis—S—phcnyl—L-nmline is presented as a new proline analog, together
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o-(3-phenylpropyl)-glycine. We

with two new amino acids, i.e. L-o-(2-benzyl-
d 8, e.’specia}iy where amino acids which have

—_

iong fiexibie and hydrophobic side chains are required. The new amino acids presented here were ali
synthesised from L-pyroglutamic acid as the starting material. Pyroglutamic acid has been used before in the
synthesis of chiral a-amino acids such as 4- and 5-substituted proline analogs. Prolines substituted at position 4
are rapidly accessible by alkylation of urethane-protected pyroglutamatcs and by subsequent reduction of the
pyroglutamate to the corresponding proline, as was demonstrated by Baldwin and Ezque,xrzr,1.3’17’18 On the other
hand, 5-substituted prolines are conveniently obtained by ring opening of pyroglutamates by organometallic

losure 19 22 In the present paper it is demonstrated how the methods for the
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RESULTS AND DISCUSSION

All compounds were obtained from benzyl N-Boc-L-pyroglutamate. This chiral starting material was

obtained in good yield by esterification (NEt3/PhCH2Cl) and N-Boc-protection (BocpO/DMAP) of

pyroglutamic acid.

Synthesis of L-o-(3-phenylpropyl)-glycine (scheme 1)
A convenient synthesis strategy for this new amino acid was elaborated based on the catalytic
hydrogenolysis of the endocyclic N-benzyl bond of cis-5-phenyl-L-proline 4. Endocyclic N- benzyl bonds in

P A =

amino acids are known to cleave under catalytic hydrogenation conditions. The reaction condltlons under which
cleavage of the N-benzyl bond is accomplished can i
1,23 4-tetrahydroisoquinoline-3-carboxylic acids to the corresponding 2'-methylphenyialanine reqmreq a
reaction temperature of 90°C. Under these conditions, epimerisation of the oi-carbon atom is observed.

We examined the reaction conditions on the reductive cleavage of the endocyclic N-benzyl bond of cis-5-
phenyl-L-proline with the aim to reduce the amount of epimerisation of the o-carbon atom.

Cis-5-phenyl-L-proline 4 was first prepared by ring opening of Boc-L-Pyr-OBn 1 using 1.1eq. PhLi
1.8M at -78°C in 77% yield, according to known literature procedures.23 24 The hydrogenation of the pyrroline

3 was carried out in dry methanol usin

Oro

3mg/mmol 10% Pd/C. The diastereomeric excess of the cis-5- -pheny!-

not resolved. The high enantiomeric purity of 5 argues in favour of the former case.
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Scheme 1 5 85% 4 65%

Our efforts to hydrogenolyse cis-5-phenyl-L-proline 4 demonstrated that this compound is converted to
the corresponding L~a—(3-phenylpropyl)-glycine S under very mild conditions, i.e. catalytic hydrogenolysis at

room temperature using S0mg/mmol 10% Pd/C in MeOH(10)/water(1). Full conversion was obtained after 18
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irect hydrogenation of the pyrroline 3 using
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50mg/mmol 10% Pd/C. The pyrroline is first reduced to cis-5-phenyi-L-proline and then further reduced to give

the desired L-a-(3-phenylpropyl)-glycine.

Synthesis of trans-4-benzyl-cis-5-phenyl-L-proline (scheme 2)
Synthetic efforts to obtain this novel 4,5-substituted amino acid involved a combination of both methods

used in the preparation of respectively 4- and 5-substituted prolincs. 3,17,20-22.24

Two approaches were investigated in order to prepare this 8-oxo-oi-amino acid derivative 7. The first
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subsequent benzylation of the obtained benzyl 2-(N-Boc-amino)-5-oxo-5-phenyl-L-pentanoate 2 using the
sterically hindered base LIHMDS. This kind of alkylation performed on glutamates was recently reported to
proceed with high diastereoselectivity 2527 furnishing 4-trans-substituted glutamates.

A second approach consisted in the application of the same reactions but in a reversed order, i.e. a
benzylation of the 4-position of pyroglutamate 1 leading to compound 6 followed by regioselective ring opening
with phenyllithium.

The key compound of both strategies was the §-oxo-o-amino acid derivative 7.
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Scheme 2
Using the first approach, the 8-oxo-a-amino acid ester 2 was again obtained in 77% yield after
purification by column chromatography. The benzylation, however, proceeded with very low yield (35%) when
2 was first added to a solution containing two equivalents LiHMDS. The reverse order of manipulations, i.e the
addition of the base to the §-oxo-a-amino-acid derivative 2 did not give higher yields. Instead, a complex

mixture was obtained.
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The second approach proved to be much more convenient. Boc-L-Pyr-OBn 1 was first benzylated using
1 1ert2a 0 vrnagliitaanta H. viald T - PR SR S S T
known procedures to fumnish the trans-4-benzyl-L-pyroglutamate 6 in 77% yield. The rrans-configuration of the

4-benzyl substitutent in 6 was unambiguously assigned based on 1D and 2D 'H NMR experiments.
The ring opening of trans-4-benzyl-L-pyrogiutamate 6 using PhLi proceeded well, furnishing the desired benzyl
2-(N-Boc-amino)-trans-4-benzyl-5-oxo-5-phenyl-L-pentanoate 7 in 65% yield aftcr purification by column
chromatography. Hence, this second approach clearly is the most convenient way to obtain the desired §-oxo-ot-
amino-acid derivative 7.

The next step in the synthesis of trans-4-benzyl-cis-5-phenyl-L-proline 8 involved conversion to a

pyrroline by reaction of 7 with TFA/CH>Cl, and subsequent hydrogenation of the imine, affording the

es e TR o

The relative configurations of the 4- and 5-substituents were assigned based on 1D and 2D 1H NMR
spectrum, recorded in DMSO at 303K, was used to assign the cis-2,5-configuration. This cis-configuration was
established by the presence of characteristic NOe's between Hg; and Hg. The NOe between Hg and one of the
benzylic protons of the 4-benzyl substituent suggest the 5-phenyl ring to be trans relative to the 4-benzyl group.
The resulting trans orientation between the 4-benzyl substituent and the a-carboxyl group is further

substantiated by the NOe's between the o, and y ring protons. Besides a cis-3-phenyl substituted proline

analog, some trans-product was observed in the NMR spectrum.
2.32ppm

[ AL g )
1
4.93ppm 4 A8ppm

Observed NOe's and chemical shifis &(ppm)
of trans-4-benzyl-cis-5-phenylproline
The diastereomeric excess was calculated by integration of the H§'s in respectively the cis and the trans
isomer. A cis/trans ratio of 90/10 was observed (d.e. 80%). When compared to the d.e. observed for cis-5-
phenyl-L-proline (d.e. = 86%), this means that the extra 4-benzyl group has only a limited influence on the

stereochemical outcome of the reductive cyclisation of 8-oxo-ti-amino acid derivative 7.
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y the endocyclic
benzylic bond was investigated. Our experiments ‘:howed the 4,5-disubstituted proline derivative 8 to convert
easily at room temperature to the corresponding L-o-(2-benzyi-3- -phenylpropyl)-glycine 9. Its enantiomeric
purity was analyzed via GCMS analysis on a Chirasil-Val column and was found to be 97%. This method can in
principle lead to unsymmetrically y-substituted o-(3-phenylpropyl)glycines with good control of the
configuration.

N )
O O

[\ 50 mg/mmol N2
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N MeOH/
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Y COOH
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65%

CONCLUSION

L-Pyroglutamic acid has proven to be an excellent chiral starting block for the synthesis of 4,5-

disubstituted prolines. Chiral 4,5-substituted prolines are now readily accessible starting form benzyl Boc-L-

pyroglutamate using a combination of methods that have been used previously with success in the synthesis of
4- and S-substituted prolines. We were able to demonstrate that both methods can be easilv combined
Il O DU OMLIL WLV tllU‘lllV\J YW VYWiWw UULW WV UWEMIVIIDWL ALy WAL UYL LW LLIVUD . willll Uw wadil AL RN,

furnishing a new trans-4-cis-5-disubstituted proline analog in a very limited number of steps.
The hydrogenolysis of the benzylic bond of 5-substituted prolines proceeded easily in presence of catalyst
at the concentration of 50mg/mmol. This observation was used in the preparation of two new amino acids with

long and flexible side chains, i.e. L-0-(3-phenylpropyl)-glycine and L-at-(2-benzyl-3-phenylpropyl)-glycine.

EXPERIMENTAL SECTION

nﬂ"l),‘ﬂ’ H'nl‘ﬂl’""o(‘
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isotopic solvent signal as internal reference. Chemical shifts are given in §(ppm). HOHAHA, ROESY, COSY
and NOESY spectra were recorded on a Bruker AMS500 spectrometer cquipped with an X32 computer and a
Eurotherm temperature control unit.

Mass spectra were recorded on a VG Quattro II spectrometer (electrospray ionisation, ESP). GCMS analyses
performed in order to determine e.e or d.e values using a Chirasil-Val column were performed on a Fisons

MD800 system, inject port 250°C, split injection (1:30), He carrier gas (13psi head pressure), electron impact

detection. Amino acids were therefore derivatised prior to GCMS analysis. The amino acids (1mg) were
dissolved in 400nL 3N HCI in isobutanol (p repared by bubbling HCI in isobutanol, analytical grade). The
et TN A D aant: Viale ~F 1T ) tone miiege tennmn tiohtly nammad and Lamt at 11000 e
reaction mixiure (1n riercc medacti- vidls Oi 1L} was pmgcu U_y Ar-streai 1, Ugnuy Cappld aiil Rept dat 11v w1l
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60 minutes. After evanoration of the solvent. the residue was taken un in 100Ul acetanitrile and 70071

P O SUIVELL, 10 ILSINUC Was akthny Up 1 Vv alCOiidne and /vpn
triflinarnacrstins arid anhvudrides (Piarca 00L00-) and allawad ta rannt at 11N Far TN amriemartme D mnd s s —
LUV VALVULIL dUid Ay UHiue (Uiile, 77770 ) allld antuwiold o 1catt at 1 1v © 101 1V HHINUEeS, REAcCilOIlSs weic
performed in a Pierce Reacti-block. The resulting solution was evaporated under a gentle Ar-stream at 25°C. The

residue was then dissoived in acetonitriie (anaiytical grade).
HPLC analyses were performed on a Spectra-Physics P-4000 or an a Gilson system run by a Gilson 712 HPLC
System Controller. Analytical runs used a Vydac 218 TP 54 column (RP-C18, 5um, d=0.46cm, 1=25cm) at a
flow rate of 1.0mL/min. Preparative separations were performed on a Vydac 218 TP 152022 column (RP-C-18,
15-20pum, d=2.5cm, I=25cm) at a flow rate of 13mL/min.

Analytical thin layer chromatographies were performed using precoated glass-backed plates (Merck

F254) and visualised with ultraviolet light or iodine.

Calinnmn chramatnoranhiac wara narfarmad nicing Marnl Liagcalaal &0 M NAN_N NE2imnmn marbinala ciea O2N
LULUIE VIITUHAUgTapiiies wioll PUHIuniica usltilg IVICIUR RICSLIZETE UU (V. USVU-U.UUSII pPdllcite SIiZe, L5uU-
ALY ~1. N\ mYTT [, a | A B A AURVRL.E 3 IR ~ A% A Y P W alei h ] 1°

€5801). 11 was daried Dy disiiiation over O(JIUIHIDC‘HZOPHCHOHC view was arlea Dy GlS[lllaUO over
magnesium.

Benzyl Boc-L-pyroglutamate (1)
L-Pyroglutamic acid (5g, 38.75mmol) was suspended in 50mL THF. To the suspension was added 1 eq. NEt3
(5.4mL), followed by 1.1 eq. benzyl chloride (43mmol, 4.9mL). The solution was refluxed for 5 days. After

cooling, 50mL water was added and THF was removed under reduced pressure. Three extractions with

CH7Cl afforded the crude benzyl pyroglutamate as an oil. The o1l was then dissolved in 150mL CH5Cly. The
solution was cooled to 0°C, followed by the addition of 1 eq. NEt3 (5.4mL), 2 eq. BochO (17.8mL) and 1 eq.

DMAP (2.8g). After stirring for 18 hours, the solution was ‘va‘pomted under reduced pressure. The resulting
slurry was dissolved in 50mL hot cyciohexane. The solution was left standing in the refrigerator overnight. The
crystals that had formed were filtered off and dried in a dessicator. Benzyl Boc-L-pyroglutamate was obtained as
soft white crystalline needles. Yield: 9.52g (29.8mmol, 77%) ; TLC: Rf = 0.76 (petroleumether(3)/EtOAc(1)) ;
m.p.: 57-59°C ; ESP/MS (m/z, % RA): 320(M*+1, 15), 220(50), 100(100) ; NMR (250MHz, CDCI3):
7.33(m, 5H, Harom). 5-2(s. 2H, OCH2Ph), 4.6(dd, 1H, He, J = 8.8Hz, 3.14Hz), 2.65-1.9(m, 4H, Hp,

H[_>,', H’Y’ Hyv), 1.4(s, 9H, t-Bu).

2 R ’) /4, \ 7 DPan ~uassanl & nva S nhonnuwl T _mnaowtanantsa (D)
J)KII()’! L={IY=DOC=AIMIIU J=O=0X0U=0=pPRENRyiI~L~perianoaic (&)
h ) 4 s A ~ 1N 2 8 i § L Y‘l_‘ m
Jg Boc- L—r’yr Denzyl ester 1 (¥Y.4mmoi) was dissoived in 20mi ary tnr. 10 this solution was added 1.1 €q.

PhLi (10.34mmol, 5.75mL 1.8M solution) at -78°C. The reaction was allowed to reach -40°C. After further
reaction for 2 hours at -40°C, the reaction was quenched by addition of a saturated solution of ammonium
chloride. To the solution was added 50mL EtOAc and 50mL water. The organic layer was washed with 10%
KHSO4, 6% NaHCO3 and brine. The organic layer was evaporated under reduced pressure and the resulting oil
(which solidifies upon standing) was purified by column chromatography (Merck kieselgel 60) using
petroleumether(3)/EtOAc(1) as eluent. Benzyl 2-(N-Boc-amino)-5-oxo-5-phenyl-L-pentanoate 2 was obtained

as a white powder. Yield: 2.87g (7.24mmol, 77%) ; TLC: :Rg = 0.62 (petroleum ether(3)/EtOAc(1)) ; m.p.:
Ty TFA . TOD/AAC /3a/e OL RAY. 20Q(M+FL1 100) 2UA2(100Y 208(75) ANMPR (DSOMHE~> (T ']2) - 7 0.
/L-/94 C LOor/ivty (g, /0 1N\ JFOUNVL T, 1UU), JTLLIUV ), 470\LT) s IVIVEIN (L0018, trelby) « 1.7
T Tr N ro1£7 ATYT MNOTT DL A AL 10 Y o 0% e T § Y ATT IT TT .\ [s BE -Sils Nie ¥ o) B ¢

arom), .10, 21, L 2rn), 4.4(m, 111, g, 2.1-2.7U10, 20, [‘h{, I‘ly'), L.I0-4. O\, 411,
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Cis-5-phenyl-L-proline (4)

r (=g
Ren7zvl 2.(Rac-aminnl-S-axn-S-nheanvl.T —nentannate 2 (1o 2 Smmal) wae dicenluad in 20T LI~ Ta thic
AFVHA YL LDV TALLIIIIV T TVAVT Y TPHVILY ITLT PGV ALY & \ L g, LTV WaAD WISSULVOU 1T JUHIE VIR0 10U UL
solution was added 10mL TFA. The reaction was allowed to proceed at room temperature for 30 minutes. After

evaporation of all solvents, the remaining oil was dried overnight in a dessicator.

The crude 2-phenylpyrroline-5-carboxylic benzyl ester (TFA-salt) 3 was dissolved in 30mL dry MeOH. To this
solution was added 10% Pd/C (3mg/mmol). The reaction flask was filled with Hy (4 atm.) in a Parr apparatus
and the reaction was continued for 3 hours. The catalyst was filtered off and the solution was evaporated. The
resulting oil was crystallized from MeOH/diisopropyl ether. Cis-5-phenylproline TFA-salt was obtained as a
white, hygroscopic powder. Yield: 495mg (1.6mmol, 65%) ; TLC: R¢=0.72 (CH3CN(4)/MeOH(1)/H2O(1))

; HPLC: R¢=29.7 min, A=215nm (t=0, 90%A; t=60, 100%B ; A=100%H,0,0.1%TFA ; B=80%H,0,
200 CHACN O 1%TEA) - ESP/MS (m/7. % RA): 192 {T\A’++1

10N - NAIR /cnnll/f”-v NACMNY. T 81_T7 AN+
u i j\/ ‘,\J 1/¢11 n P (N JL £IVEVD ’ Wy it/ l\l_\/. ivi 3 IUUI '} LYIVEEN RAVAVIL /S F Ve UIVIUU/. f.J1 l."f&\lll,
£TT T \ Valo Wah | 11T TT .- T 1 11T T £ ATTIT o\ l E f amm 11T 17T AY YY1 NS ATTY TY -t TY 1.\
1, Marom)s 4.63(dd, 1 , 0y, i=11nz, 1=6.4/n7), o(m, 1H, Hg), £.55-1.99(m, 4H, HpR's, Hy's) ;
GCMS (Chirasii-Vai): Rt=54.7 min (trans) and 55.3 min (cis) (gradient: 80°-200°C, 2°/min). d.e.86% .

L-a~(3-Phenylpropyl)-glycine (5) from (3).

200mg of crude L-2-phenylpyrroline-5-carboxylic benzyl ester TFA-salt 3 (0.51mmol), prepared as described
above, was dissolved in 15mL MeOH and 2mL water. To this solution was added 10% Pd/C (50mg/mmol).
The reaction flask was filled with Hp (4 atm.) and the reaction was continued for 8 hours. The catalyst was

iltered off and the solution was evaporated. An analytical sample was purified by RP-HPLC and characterized.

L-0-(3-Phenylpropyl)-
{0.43mmol, 85%) ; TL )

90%A; t=60,100%B ; A:lGO%H20,0 i %H70, 20%CH3CN,0.1%TFA) ; ESP/MS (m/z,
%RA): 194M*+1, 100) ; NMR (500MHz, DMSO): 7.29-7.16(m, 5H, Hyrom), 3.84(t, 1H, Hy, J=5.8Hz),
2.60(t, 2H, PhCH», J=7Hz), 1.78-1.61(m, 4H, HB'S, HY'S) ; GCMS (Chirasil-Val column): Ry= 26.0 min

(D) and 26.3 min (L) (gradient: 80°-200°C, 5°/min). e.c = 98% .

0 ot "11[_' _____ fe__ Y

lycine § (TFA-salt) was obtained as a white, hygroscopic powder. Yield: 133mg
mn C N hY

>.J

. n s 1N +
L. =L2.7 mir , A=Z120NIN (1=,

5) from (4).

(
g cis-5-phenyl-L-proline TFA-salt 4 (0.33mmol) was dissolved in |

L-¢-(3-Phenylpropyl)-glycine

reaction mixiure was sh:

(TFA) salt was obtaine

(o}
> =
w
o .
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S g

Benzyl Boc-trans-4-benzyl-L-pyroglutamate (6)

2g benzyl Boc-L-pyroglutamate 1 (6.26mmol) was dissolved in 40mL anhydrous THF and the solution was
cooled to -78°C under inert atmosphere. LiIHMDS (1.1 eq, 6.9mmol, 6.9mL IN solution) was slowly added at
-78°C and the enolisation was continued for 1 hour. Benzyl bromide (1.1 eq, 6.9mmol, 810uL) was added.

ctivring wwatar (2N Y wne addad Tha enlitinn wac avtracted with three nartinne of FtO A~ and wached with
SUITIIE, WAllT (OVUITL ) wadd aUlUll. 110 SUIUUIUN Wdd CALTAbIvU Wil WLV PULHIVIES Vi LUV Giis Wasiiva i
TrTTOUA sano7 N Lt | water A.I.“_.. o itan o i RACQM L th ncnanie latrar wtxsrao avamearatad 4 viald o liaght
KHS0y4 (10%), brine ana water. AIter arying Over ivigoUy, tic Organic rayer was evaporaied to yicia a 1gin

Py

yellow oil. This oil was purified by silicagel column chromatography (Merck kieselgel 60) using
petroleumether(3)/EtOAc(1) as eluent. The purified benzyl Boc-trans-4-benzyl-L-pyroglutamate was
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recrystallized from EtpO and was finally obtained as a white powder. Yield: 1.97g (4.8mmol, 77%) ; TLC: Ry
= 0.63 (petroleumether(3)/EtOAc(1)) ; m.p.. 19-121°C; ESP (m/z, % RA): 410(M*+1,20), 310(100) ; NMR
(250MHz, CDCl3): 7.4-7.1(m, 10H, Hy o), 5.15(s, 2H, OCH,Ph), 4.5(dd, H,. J=8.33Hz, 2.98Hz),

3.25(dd, 1H, PhCH-, J=13.5Hz, 3.9Hz), 2.85(m, [H, HY) 2.6(dd, 1H, PhCH-, J=13.5Hz, J=9.5Hz),

2.09(m, 1H, HB) 1.95(m, 1H, Hg), 1.4(s, 9H, tBu) ; d.e.>95% (according to SOOMHz NMR).

Benzyl 2-(Boc-amino)-trans-4-benzyl-5-0x0-5-phenyl-L-pentanoate (7)

1.5g benzyl Boc-trans-4-benzyl-L-pyroglutamate 6 (3.67mmol) was dissolved in 10mL dry THF and 1.1 eq.
PhLi (4.03mmol, 2.24mL 1.8M solution) was added at -78°C. The mixture was allowed to attain -40°C. After
stirring for two hours at -40°C, 30ml] of a saturated NH,CI solution was added. This mixture was stirred for 30

minutes and then extracted three times with EtOAc. The organic layer was washed with water and brine. After

evaporation of the organic layer, the crude oil was finally purified by silicagel column chromatography (Merck
kieselgel 60) using petroleumether (9)/EtOAc(1) as eluent. Benzyl trans-4-benzyl-5-0x0-5-phenyl-L-pentanoate

7 was obtained as a colourless oil. Yield: 1.16g (2.38mmol, 65% ) ; TLC : Rf=0.61 (petroleumether(3)
/EtOAc(1)) ; ESP/MS (m/z, % RA) : 488(M*+1, 30), 388(100) ; NMR (250MHz, CDCl3): 7.5-6.9 (m, 15H,
Harom)s 3.1 (1H, NHypi4e), 5.0 (s, 2H, O-CH;,Ph), 4.4 (dd, 1H, H, J=7.8Hz, J=3.0Hz), 3.3-3.1 (dd, 1H,
PhCH-, J=13.8Hz, J=4.0Hz), 3.1-2.95 (m, IH, Hy), 2.6 (dd, 1H, -CHPh, J=13.8Hz, J=4.3Hz), 2.5(m,
IH, Hg), 1.8(m, IH, Hg), 1.2(s, 9H, t-butyl).

Trans-4-benzyl-cis-5-phenyl-L-proline (8)
SN - L. .. 1 '1 @ » I | S 1 & o & b ol T e £1 N T was J S S I
JUVILIE ULIIL)’I -{DoOC- dlIllllU) ifrans- ‘i’ (M IV A Ny 0X0- J pllbllyl L pCIlld[lUdLC I (1.U2MInoi1) wds aisSsoivea in

20mL CH,Cl,(2)/TFA(1) and the solution was stirred for 30 minutes. After evaporation of the solvent, the
crude pyrroline was dissolved in 25mL MeOH. To the clear solution was added 3mg 10% Pd/C (i.e.
3mg/mmol). The reaction flask was filled with Hy (4 atm) and the hydrogenation was continued for 5 hours.
The catalyst was filtered off and the solvents were evaporated. The remaining residue was dried in a dessicator
under NaOH pellets. Purification by reversed-phase HPLC afforded the desired frans-4-benzyl-cis-5-phenyl-L-
proline TFA-salt as a white powder. Yield: 223mg (0.56mmol, 55%) ; TLC: Rf=0.67 (CH3CN(4)/MeOH(1)

/H20(1)) ; HPLC: Ry=33.8 min, A=215nm (=0, 90%A; t=60,100%B ; A=100%H70,0.1%TFA

I L. 5 LRVAY,

B=80%H70, 20%CH3CN,0.1%TFA) ; ESP/MS (m/z, % RA): 282(M*+1, 100) ; NMR (500MHz, DMSO):

7.33-7.05(10H H,rom)» 4.93(d, 1H, Hg,J=7.87Hz), 4.48 (dd, 1H,H,, J=9.13Hz, J=5.02Hz), 2.93(m, 1H,
g) 2.32(dd, 1H, PhCH-, J=13.35Hz, J=3.63Hz), 2.23(dd, 1H, HB' J=21Hz, J=9.95Hz), 2.07(dd, 1H,

PhCH-, J=12.56Hz, J=12.49Hz), 1.96(m, |H HB) ; d.e 80% (determined by NMR).
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o ic nhenvl.] _—nraline alt () ISmmal) wag dicenlua A i 18T RAMLIY o1 AT

Iy TGRS 1Ly [ [$ 5 2 0 g A0 R HE i QI O (V. LJ1HHIUL) as unauxvcu I 10Ul IVICUI dlld LI,
‘‘‘‘‘‘ T thic onliasia o addad 14 o 1NGL DI T o bl ;s 1 ~

Waill. 10 uliS SOIUtioil wWas aqadcda 10mg 1V7 ra/l. 1ne reaction flask was filled with 112 (4 atm) in a Parr

apparatus and the reaction was continucd for 18 hours at room temperature. MeOH was evaporated and an
analytical sample was purified by HPLC for characterization. L-a-(2-Benzyl-3-phenylpropyl)-glycine was
obtained as a white hygroscopic powder. Yield: 65mg (0.16mmol, 65%) ; TLC: Rf=0.75
(CH3CN(4)/MeOH(1)/H20(1)) ; HPLC: R¢=27.8min, A=215nm (t=0, 90%A; t=60,100%B ;
A=100%H50,0.1%TFA ; B=80%H70, 20%CH3CN,0.1%TFA) ; ESP/MS (m/7, % RA) : 284(Mt+1, 100) ;
NMR (500MHz, DMSO): 8.38(m, 10H, Hypo,), 3.95(m, 1H, Hy), 2.6-2.4(m, 4H, 2xPhCH>-), 1.8-1.5(m,

8-1.
3H, HR HR' Hmh GCMS (Chirasil-Val column): Re=62.7 min gradient: 80°-200°C, 5°/min). e.e 98% .
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