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Abstract: The cyclic N,0O-acetal cyclo(L-Pro-Gly(OMe)OMe (8) has proved to be an effective
chiral electrophilic glycine equivalent which is appiicabie in nucieophilic substitution reactions not
only under Broenstedt acid catalysis but also under Lewis acid catalysis with excellent
diastereoselectivities. This chiral building block can easily be obtained by electrochemical
methoxylative decarboxylation of the cyclic dipeptide 6 generated from L-proline and
aminomalonic diester. Thus, enantiomerically pure D-allyl glycine has been generated.
© 1998 Elsevicr Science Ltd. All rights reserved.
INTRODUCTION
The generation of enantiomerically pure non-proteinogenic a-amino acids has been an important
field of organic synthesis for a long time and has been reviewed by Williams.! Most often, the
introduction of the side-chain as an electrophile into a chiral anionic glycine equivalent has been
used as the key step, especially in the famous Schéllkopf bislactime ether and Seebach Boc-BMI

reagents. The alternative introduction of the side-chain as a nucleophile via chiral cationic glycine
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acylimines and N-acyliminium ions as amidoalkylation reagents.? Open-chain electrophilic glycine

equivaients have been obtained by introduction of the chiral information into the carboxylic function

under formation of a chiral ester or using a chirai substituent at the nitrogen. Typicai exampies
have been given by Kagan,® Yamamoto,® Obrecht® Steglich,® Harding,” and Enders.® Also, some
cyclic chiral cationic glycine equivalents have been applied with more or less limited applicability.
In the case of the Schdlikopf bislactime ethers® and the Seebach imidazolidine-4-ones, chiral
cationic glycine equivalents could be obtained by halogenation in the a-position. Broader

apphcablhty found the chiral o-brominated oxazinone developed by Williams." However, in the

uctiv n of the amine acid the chiral auxiliary is destroyed. Starting from phenyl glycinol,
- H o Y I H i i H 12
a thiophenylated morpholine derivative can also be used as key intermediate.™ Finally, Altenbach
has applied another imidazolidin-4-one derivative containing menthone as chiral auxiliary as chiral

cationic glycine equivalent.™

Chiral building blocks for diastereoselective amidoalkylation reactions as in this special case the
electrophilic chiral glycine equivalents, can very often easily be generated by electrochemical
methoxylation of chiral amides or carbamates starting from compounds of the chiral pool. Generally
three different methods are applicable: A. The direct anodic o-methoxylation of amides and
carbamates:2. B. Anodic methoxylative decarboxylation of a-amino acid derivatives (Hofer-Moest
reaction);”® C. Indirect NaCl mediated anodic a-methoxylation of a-amino acid derivatives™ (see
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Fig.
potentiai so that the direct eiectrochemicai methoxyiation is prevented. This can be circumvented
by the indirect process C in the presence of NaCl. In case B, the Hofer-Moest reaction of an o-
aminomalonic halfester leads to the desired product. By reaction of carbon nucleophiles with these
chiral amidoalkylation reagents the diastereoselective transformation into non-proteinogenic a-
amino acids is possible.
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Fig. 1: Possnbl e pathways for the electrochemical generation of N, O-acetals as chiral electrophilic
glycin aie
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RESULTS AND DISCUSSION

It was our strategy to use electrogenerated cyclic chiral electrophilic glycine equivalents in order to
obtain higher diastereoselectivities as compared with the open-chain systems due to a limitation in
the conformational flexibility. Therefore, we have generated key building blocks of the following

structure:160-d.'7,18
R, x_ _O Lewis acid R. x _o
-ROH Y\f
o//'\'@i/

O&’\u/‘\. OR

These key building blocks were either methoxylated cyclic dipeptides (X = NH, 6-methoxy-2,5-
piperazinediones) or methoxylated cyclic dipeptolides (X = O; 3-methoxy-2,5-morpholinediones).™

ve already reported on the synthesis and application of the methoxylated cyclic dipeptide 1
obtained from L-valine using the chloride mediated anodic methoxylation of an open-chain

e as a key step.18¢.17 Nuclec

carbon nucleophiles in the presence of Broenstedt acids with reasonably good diasteroselectivities.

hilic substitution of the methoxy group was possible with

1 Wi Ui lllvulv M WS pUSSiAaT WYl



3473

471-3478

3

he followin

t

anode

exchange by nucleophiles under catalysis of Lewis acids as compared with proton acids which are

necessary for 1. Thus in the case of 8 a larger variety of nucleophiles can be employed.

82% | HCOOH
Electrochemical formation of the chiral electrophilic glycine equivalent 8

(see below).
Fig. 2
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ester followed by the indirect regioselective electrochemical methoxylation in the glycine part
(method C). However, in contrast to the dipeptide from L-valine and glycine we did not selectively
obtaine only the monomethoxylated product 4 but also the dimethoxylated compound 3. Cyclization
to give the diketo piperazine 8 went smoothly.'® To prevent the undesired dimethoxylation, we
used aminomailonic diester instead of glycine ester. The thus obtained dipeptide 5 was smoothly
cyclized to give 6. Saponification of the ester group followed by anodic methoxylative
decarboxylation (method B) yielded 8 as the only product in a clean reaction. If after the
saponification step the anodic oxidation is directly performed without work-up, almost quantitative

vields of 8 can be obtained
Ivivvio VI W wig | M IR/LCAT l luu

The diastereoselectivity of the two chiral building biocks has been compared for the introduction of
1,1-diphenyl ethylene under proton acid catalysis which in the case of 1 only gave 57% de (Fig. 3).
This olefin was selected because it resulted in the poorest diastereoselectivity with 1. The
diastereomeric excess of 97% for 8 demonstrates the superiority of 8.16d
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ethylene in the chiral cationic glycine equivalents 1 and 8

8 is less polar as compared with 1 and therefore 8 is soluble in

catalysis. This was exampilified for the reaction with allyl trimethylsilane under catalysis by TiCly in
this soivent. Even this smaii nucieophiie resuits in a diastereomeric excess of better than 99% (no
other diastereocisomer could be detected) (Fig. 4). Hydrolytic cleavage of 3 by HCI in methanol at
60°C followed by separation of the amino acids via chromatography yielded the enantiomerically
pure auxiliary L-proline (62 %) and the non-proteinogenic D-allyl glycine (10) in 80% yield. The
total enantiomeric purity of 10 was determined by derivatization with trifluoroacetyl-L-prolyl chioride
and subsequent GC/MS analysis of the diasteroisomers according to a literature procedure.®® The
recavered L-proline had the same specific rotation as the starting material (Degussa). Thus, the
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Broenstedt acid catalysis but also under Lewis acid catalysis with excellent diastereoselectivities.
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Instead of L-proline also L-indoline carboxylic acid can be used as chiral auxiliary with similar
results.

EXPERIMENTAL
NMR) pectra were determined in the reported solvent using a

,,,,,, PN Y o W l<ta B V1] ' VallV Vale

H
{200 MHz), Bruker AC 250 (250 MHz), and a Bruker AC 400 (400
nts were also used for the measurements nf (‘. spectra, Chemical

General. Nuclear magnetic resonance ('
L On GA RAL 200

Bruker WH 90 (o IVH'I.Z), Bruker I-\L: 2
MH7\ cnprtmmpfpr The same instrumen e
shifts (6) are reported in ppm relative to TMS as reference. IR spectra : Pye Unicam SP 1100, or FT-IR
1600 Perkin Elmer. Mass spectra: A.E.l, Manchester, MS-9, MS-30, and MS-50. Melting points
(uncorrected): Kofler micro heating plate (Reichert). R; values were obtained by using thin-layer
chromatography (TLC) on silica gel-coated aluminum sheets (Merck silica gel Fpsy). The plates were
inspected by UV light prior to development with ninhydrine solution, or by treatment with ceric ammonium
molybdate reagent and subsequent heating. For quuid chromatography, flash silica gel 30 - 60 um (Baker),
silica gel 65 - 200 um (Woelm) and neutral aluminium oxide 63 - 200 um (Merck) were used. All solvents
were distilled before using.

Preparative electrolysis: A FuG (Rosenheim) stabilized current source, modified as galvanostat/p ote..tiostat,

NTN 700 - 200 M, was used as galvanostat in combination with a digital coulombmeter based o Itage—to
frequency conversion.

Cells: Undivided beaker-type cell with cooling mantle (50mL cell 1), equipped with a cylindrical Pt-foil (

TS, e Wi Ty v (a1} LR 00 ) WK IUS (Vv ST 1= LR LEA =L IR A L L Y

25cm2 or 44 cm® ) anode a coaxial Pt-wire cathode and a magnetic stirrer or undiwded beaker—type glass
cell without/with cooling mantle (350mL, cell 2), equipped with graphite plates (57cm?) as electrodes and a

magnetic stirrer.

Dimethyl N-tert-butyloxycarbonyl-L-prolyl-aminomalonate (5). N-Boc-L-proline (7.4g, 34 mmol) and dimethyl
aminomalonate hydrochloride (6.24g, 34 mmol) are suspended in CHCl; and stirred. At -10°C the triethylamine (6
mL, 36 mmoi) and then the DCC (6.48g, 36 mmol) dissolved in a small quantity of CHC|3 are added. Stining is

e diee s i o ima bt anA daa rem ie allaaiad ¢4 raanh ranm famnarobiira auarminhd Tha nracinitatad (irna

C\)lllll IUCU III ail IW Udul aliyg uic ml}\lulc 10 GIIUVVUU wiauil 1uui il LBIIIPGIGKUIC UVGIHIHI |l Hic plcupuau:u vica |a
separated, the filtrate is concentrated and the remaining oil is dissolved in ethyl acetate. The organic phase is
separated from the precipitated urea, extracted with a 5% NaHCQO; / 5 % KHSO,4 aqueous solution, dried over
MgSO, and concentrated in vacuo. After purification by flash chromatography (SiO,, eiuent cyclohexane/ethyl

acetate 2: 1 viv) 8.2g (/U% ) of 5 are obtained as an oii. [a]p?' = - 48° (c =1in szblz) "H NMR (CDCls,, 90
RALla): © EN /1~ OL1 Lo Y = A ML AAaAC A CC 2 oON f~ L1 ANLEY A ON
NIAZj. 0 = 1.0V {8, un, ur|3) 1.75-2.25 Ull ,4H, 2 CH,), 3.35-3.55 (m, 2H, Ull2} 3.8C (s, 6H, 20CH;), 4.20-

4.45 (m, 1H, CH), 5.15 (d, J =7Hz, 1H, CH), 7.40 (broad,1H, NH) ppm; 13C NMR (CDCls, 90 MHz): § = 24.16
(CH,), 28.05 (3 CH3), 30.57 (CH,), 46.84 (CH,), 53.17 (2 OCHj;), 55.78 (CH), 60.49 (CH), 80.43 (C), 155.45
(CQ), 166.35 (CO), 172.40 (CO) ppm; due to the presence of rotamers, some signals are doubled. MS: m/z
=344 (MY, 2%) 271 (4) 243 (4) 211 (3), 183 (6), 170 (195), 114 (80) 70 (100) 57 (55) IR (KBr) v o=

Aanm a1 LIN AT7EN fa M\ 400N /i f" LIN A4CNH 4!‘\’)[\“‘? A
3400 cm™ (w, N-H), 2900 (m, C-H), 1750 (s, C=0), 1680 (s, C=0), 1440 (m, N-H), 1150 (s, C-O), 1030 {(w),

970 (w), 910 (w), 880 (w), 840 (w).

(38, 6RS)-6-Carbomethoxy-1,3-trimethylene-2,5-piperazinedione [Cyclo(L-Pro-Gly(COOMe)-] (6). In order to
cieave the Boc protecting group of the dipeptide the open-chain dipeptide 5 (3g, 8 mmoi) is dissoived in 98%

fnrmnin anid 120 ml \ and atirrad far hun haire at ranm tamnoratiira Tha enlvant ie dictillad nff in varun at 20°C
TUHTIW QUid (DU L) Gl iU SUHTTU TV LW IVUTG G TWUVHTT WWHIPSITAW/IS, 1110 SUIVOTIL 10 WIoUWITU Vil 11 vaLuu Qi wv .

The residue is dissolved in an isobutanol/toluene mixture (3:1) and the solution heated to boiling, the liquid level
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being kept constant by adding isobutanol. During this process the remaining formic acid is removed
azeotropically and the open-chain dipeptide cyclizes spontaneously. After evaporating the solvent, the crude
product is purified over SiO; using ethyl acetate/cyclohexane (5.5:1 v/v) and 1.5 g (82%) of 6 are obtained as oil.
'H NMR (CDCls, 90 MHz): 8 = 1.75 - 2.40 (m, 4H, CH»-CH, ), 3.45 - 3.70 (m, 2H, CHj,), 3.80 (s, 3H, OCHb),

QAR _A2E/fm 1H OCHY 5 N5 Irl J=7H> 1H CH) 8 85 fhraad 1H NHY nnm: 130 NIMB (DO QD M) $
SO0 =R L0\, 1, iy, Joud (4, { i Rele iy M, 1 Fij PP, W NIV (v /vi3, OV IVITIC ).

, Y
=23.84 (CH,), 28.33 (CH,), 46.7 (_) (CHy), 53.22 (OCH.), 57.20 (CH), 60.43 (CH), 162.06 (CQ), 167.38 (CO)

£0U.JIJ S 20 WV

170.66 (CO) ppm; due to the presenc of rotar\ner some signals are doubled MS: m/z —212 (M", 75%)

180 (20), 153 (100), 141 (20), 125 (60), 111 (10), 97 (10), 83 (20), 70 (70). IR (KBI): vmax = 3250 cm™ (w,
NH), 2920 (m, CH), 1735 (s, CO), 1680 (s, CO), 1440 (m, NH), 1200 (s, CO), 1010 (w), 960 (w), 910 (w).
HRMS calcd for CoHqzN,04 (M"): 212,0797; found: 212,0793.

(3S,6RS)-6-Carboxy-1,3-trimethylene-2,5-piperazinedione [Cyclo(L-Pro-Gly(COOH)-] (7). KOH (0.5g, 10
mmol) dissoived in a small quantity of water is added dropwise to an ice-cooled solution of 6 (1.2g, 5 mmol) in

methanol (40 mL). After stiming the mixture for four hours at room temperature the solvent is distilled off in vacuo
at 30°C and the residue is dissolved in 20 mL of H,O. The solution is acidified to a pH of 4.3 with dilute HC! and

WA S UMD TOUSIUUT 10 WIDOWIVSM 1 &V T Wi 120, 1D SUILUUITT 10 QAMSu G & i VI g vl Miials 7w diid

extracted with ethyl acetate for twelve hours in a continuous light phase extractor. The extract is dried with
MgSQ, and the solvent evaporated with a rotary evaporator. 0.7g (60%) of 7 is isolated as an oil after purification
by column chromatography (eluent: CHCly/ethy! acetate 2:1 v/v). 'H NMR (CDCl;, 90 MHz): § =1.60 - 2.15 (m,

4H, CH>-CHy), 3.60 (ddd, J = 16 Hz, 7Hz, 2H, CH,), 4.00-4.20 (m, 1H CH), 4.35-4.50 (m, 1H, CH), 6.40 (s,
hroad 1H NH\ A28 (¢ 1 COOHY nnm IR /l»(nr\ v = 23100 em V' im hroad NH) 2990 (m 2260

MILTI, K, PNy, WA (9, BT, NI ] MPEER G0N TARE S, Vmax T Y IV Rl (B, MEVAd, R, &OOV (1T l ), Ldis

(w, OH), 1700 (s, CO), 1450 (m, NH), 1200 (s, CO), 1100 (w). 1040 (w), 900 (m, OH).

(3S, 6RS)—6 Methoxy—1 3- tnmethvlene 2 5- p|perazmed|one [Cvclo(L-Pro-le(OMe) 1 (8 from 7. The

$n Ao oo

als ~f 7 i~ " all D Al atabi~ eYaliile) m A fm
EIGLLIUIYQID Vi l Ib WIHCU out III cen Z unaer yalval 10SIauC CoONGIioNs \J mACM ] uau IH SIGPHI\V Pldl.ca as uic

electrodes. The starting material 7 (0,5g, 2.5 mmol) is dissolved in 100 mL of MeOH containing NaOAc (0.2M).
Electrolysis is carried out until a charge of 3 F/mol is consumed. Then the solvent is evaporated to dryness in
vacuo, and the residue is mixed with water, extracted with ethyl acetate and the organic phase dried over

MgSO4 0. 339 (70%) of 8 is isolated as an oil. (cis trans 4.3: 1) 'H NMR (CDCl,, 90 MHz): ) =1.65 -245 (m,

ol el AN 2 Qn a4 Nyl 2 EN fe 2K MAMNLY A AN /44 /| - QU= 414 U ALk I — ELl=
‘Nl \JI_IZ'LII_IZ}, O‘fU' W, IV \Ill L1, i I2} WV.IU (9, VI U 13}, AT \uu J = Or |L, i, \JrI}, -QUJ \\-I Jv = vJIIL,

1H, CH, trans-diastereomer), 5.05 (s, 1H, CH, cis-diastereomer), 6.75 (s, broad, 1H NH) pom; B NMR

(CDCl3, 90 MHz2): & = 22.13 (CH,), 28.55 (CH,), 45.03 (CH,), 55.35 (OCH3), 59.22 (CH), 81.78 (CH), 162.36
(CO), 168.23 (CO) ppm; MS : m/z = 184 (M, 25%), 154 (35), 125 (10), 98 (7), 82 (5), 70 (100), 60 (50), 42
(20). IR (KBr): vmax = 3380 cm™ (w, N-H), 3000 (m, C-H), 1670 (s, C=0), 1440 (m, N-H), 1200 (m, C-O),

Lo\

1080 (w), 1040 (w), 800 (m).

N-tert-Butoxycarbonyl-L-prolyl-glycine methyl ester (2). N-Boc-L-proline (7.4g, 36 mmol) and glycine methyl
ester hydrochloride (4.5g, 36 mmol) are suspended in 70 mL of CHCl; and cooled to -10°C. After adding
triethylamine (5.4 mL, 40 mmol) the N,N-dicyclohexylcarbodiimide (7.9 g, 40 mmol) dissolved in 20 mL of CHCl;

is added dropwise to tha reaction mixture Stirring is continued in an ice bath and the mixture is allowed to reach
AN G '«l AV TN EIAWIT T TTTRAWGE W, IR I T A d BT LELL o R ) CALE | CAN INA M BN TR UL

room temperature overnight. The precipitated urea is filtered off and the filtrate concentrated, dissolved in ethyl
acetate and kept at 0°C ovemnight. After repeated filtration the organic solution is washed with a 5% NaHCO;/
5% KHSO,4 aqueous solution and dried with Na,SO,. After distilling off the solvent, the obtained oil is dissolved in
diethyl ether, precipitated by using petroleum ether and recrystallized from ethyl acetate/petroleum ether. 7.0g
(68%) of 2 are obtained. M.p 67 - 88 °C, [a]p?' =-68.5° (c=1in MeOH). "H NMR (CDCl;, 90 MHz): 6 = 1.5
(s, 9H, 3CH3), 1.7 - 2.4 (m, 4H, 2CH_), 3.4 (t, J = 6 Hz, 2H, NCH>), 3.7 (s, 3H, CO.CHa), 4.1 (d, J = € Hz, 2H,
CH,), 4.2 - 4.4 (m, 1H, NCH), 7.2 (broad, 1H, NH) ppm. MS: m/z = 286 (M', 2%), 230 (4), 170 (18), 114
(76), 70 (100), 57 (67).

N-tert-Butoxycarbonvl-L-prolyl-D.L -a- methoxvulvcme methyl ester (3). The electrolysis of 2 is carried out in
cell 1 under galvanostatic conditions (8 mA/cm )usnng Pt as the electrodes. The starting material 2 (1g, 3.5 mmol)
and 245mg of NaCl are dissolved in 35 mL of MeOH (0.1M LiCLO,). Electrolysis is carried out until a charge of
3.8 F/mol is consumed. Then the solvent is evaporated to dryness in vacuo, and the residue is mixed with water,

extracted with ethy! acetate the oraganic phase dried over MaSQ,  filtered and the solvent evaporated. 3 is
CAUQWLICW Yikdl U I"l LA U LA L Ulsul Tw MWW WiiWW WVl ViAW g TR ey, 1% wINsI Y el VA AL

separated from 4 by flash chromatography on silica gel with diethyl ether/cycloexane (3:1 v/v) as eluents. 423 mg
(39 %) of 3 are obtained as an oil. 'H NMR (CDCls, 90 MHz : § = 1.75 - 2.3 (m, 6H, 2 CHj), 3.3 (s, 3H, OCHs),
3.4 (t, 2H, CHy), 3.73 (s, 3H, OCH3) 4.24 (dd, broad, 1H, CH), 5.46 (d, J = 9Hz, 1H, CH) ppm; “C NMR
(CDCls, 90 MHz) : 8 = 24.11 (CHy), 28.12 (3 CHs), 30.03 (CH,), 46.93 (CH,), 52.66 (OCHs3), 56.15 (OCHs),
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60.98 (CH), 78.08 (CH), 80.53 (C), 168.05 (CO), 168.05 (CO), 173.16 (CO) ppm. MS: m/z = 316 (M, 1.2%),
201(7) 170 (32), 115 (8), 114 (94), 103 (10), 86 (10), 84 (18), 70 (100), 60 (15), 57 (61). Found: C, 53.31; H,
7.66; N, 8.61. Cy4H24N2Og reqwres C, 53.15; H, 7.64; N, 8.85.

(3S.6RS)-6-Methoxy-1,3-trimethylene-2 5-piperazinedione [Cyclo(L-Pro-Gly(OMe)-] (8) from 3. In order to
cleave off the N-terminal Boc protective group the dipeptide 3 (1.65g, 5.2 mmol) is stirred in 100 mL of 98%
formic acid for 2.5 hours. Then the formic acid is distilled off in vacuo at a bath temperature of 30°C and the
residue dissolved in 30 mL of toluene and 50 mL of isobutanol. The reaction mixture is heated to boiling, during
which the remaining formic acid is distilled off azeotropically and the open-chain dipeptide ester cyclizes to form
the dlketoplperazme When the azeotropic distillation is complete (approx 2 hours, monitored by TLC) the
solvent mixture is evaporated The crude product in the form of a mixture of diastereomers, can be separated

into its diastereomers oy flash cnromamgrapny (blu;» eluent: emyl acetate/ethanol = 20:1 V/V) 835 mg (Ul "/o) of
8 are obtained. The spectroscopic data correspond to those reported above.

(3S.6RS)-6-(2-Propenyl)-1,3-trimethylene-2,5-piperazinedione [Cyclo(N-Pro-Gly(allyl)-] (9). TiCls (3.2 mL, 3.2
mmol) dissolved in 5 mL of absolute methylene chloride is initialiy introduced into a three-necked flask which has
been flame dried and purged with argon. The three-necked flask is cooled to -65°C. Then the 6- methoxy-2,5-
piperazinedione 8 (188mg, 1.1mmol), dissolved in methylene chloride, and the allyl trimethylsilane (0.49 mL,
3.2 mmol) are added dropwise in succession. While stirring for 4.5 hours, the reaction mixture is slowly warmed
to approx. 0°C. In order to drive out the reaction to completion, the mixture is stirred for an additional 22 h at room
temperature. The product is extracted with CHCI; for ten times. Purification by chromatography on silica gel
using diethyl ether/ethanol (8:1v/v) as eluents yields 190 mg (90 %) of 9. M.p. 91-94 °C. [a]p*' =-81,6° (c=1
in CHCl) 'H NMR (CDCls, 400 MHz): § =1.70 - 2.10 (m, 3H, 2CH,), 2.33 - 2.40 ( m, 1H, 2CH,), 2.45 - 2.61
(m, 2H, CHy), 3.50 (ddd, J =12; 9; 3 Hz, 1H, NCH,) 3.60 - 3.69 (m, 1H, NCH,), 3.97 (dtd, J = 8; 4; 0,8 Hz,
1H NCH), 4.07 (dd, J = 10; 6 Hz, 1H, NCH), 5.15 - 5.30 (m, 2H, CH), 5.77 (dddd, J = 16.5; 10.5; 7.5; 7Hz,
1H, CH), 7.00 (broad, d, J = 3Hz 1H, NH) ppm; *C NMR (CDCls, 22.5 MHz): § = 22.01 (CH_), 29.16 (CH,),
38.81 (CH,), 45.57 (NCH,), 57.55 (CH), 58.39 (CH), 120.44 (CH,) 131.90 (CH), 165.34 (CO), 169.38 (CO)
ppm. IR (KBI’) Viniax =3240 13!‘!'\..1 (m, NH), 2980 (W, CH),157Q (S, CQAmgd;), 1630 (S, CQ;\“—,i,d;g),145Q (m),
1430(w), 1410(w), 1340 (w), 1320 (w), 1300 (w), 1210 (w), 1140 (w), 1110 (w), 1070 (w), 1010 (w), 1000
(W), 990 (w), 920 (w), 880 (w), 800 (w), 760 (w), 720 (w). MS: m/z =194 (M", 35%) 153 (M* C;Hs, 50%), 133

L 2oyl R Tl e Tl e ¥ T A oa

(38), 125 (100), 104 (78), 76(51), 70 (96). HRMS caicd for C1oH14N,O, : 194.1055; found: 194.1050.

Hydrolytic clevage of 9 to give enantiomerically pure L-proline and D-allyl glycine (10). The diketopiperazine
9 (188mg, 0.97 mMol) is dissolved in 10 mL of 6N HCI and heated in a pressure resistant glass tube for 10 hours

ata bath temperature of 90°C. Then the slightly yellow—colored solution is distilled and the residue dissolved in a
small quantity of water, adjusted to a pH value of 6 using a 10% NH; solution and extracted with CHCl;. The
aqueous phase is concentrated and the amino acids dissolved therein separated by chromatography using silica
gel (63-200 pm; eluent: CHCIs/CH3;OH/conc. NH; = 5:4:1). 89 mg (80 %) of D-allyl glycine and 71 mg (62 %) of L-
proline were obtained. Commercially obtained authentic samples of allyl glycine and L-proline were identical to
the isolated products as determined by GLC and GLC/MS. The specific rotation of the obtained D-allyi glycine of

AA EO fo —A i Ll NN i 1 Bdmmmds om Aaba2l cmmmt s b~ timn A dm aman

[(7;]02' =+ 33.0 U.. -l Ill I‘IgU} L.Ulllpdlt:u Wwell WILII el tun:.' Udld . HIU recovered L-pIUIHIe fidu uic >diiie
specific rotation as the starting material (Degussa).

Detemmination of the enantiomeric purity of the separated amino_acids. The enantiomeric purities of the
obtained D-aiiyi giycine and L-proiine were aiso determined by using a iiterature method2® for the formation
of the diasteriomeric dipeptides with N-trifluoroacetyl-L-prolyl chloride. Because the reagent was found to be
impure, containing also small amounts of the D-proline derivative, the dipeptides were not only prepared
with the obtained products but also with enantiomerically pure authentic samples of D-allyl glycine and L-
proline in the following way. 1 - 2 mg of of the amino acids are introduced into screw cap jars, 1 mL of a 3%
methanolic acetyl chloride solution is added and the mixture is heated to dryness in a heating block at 90°C. After
cooling, 1 mL of a 0.1 M N-trifluoroacetyl-L-prolyl chloride solution in CH.Cl, (an approx. 5-10 times excess) is
added to the residue. Then a few drops of triethylamine are added until a pH value of 10 - 12 is reached. The
screw cap glass is closed and left to stand for 2 hours at room temperature dun‘ng which the pH value is
constantly monitored. Then the mixture is vigorously x""cted with 1 mbL of 6 N HCI, the phases are separated
with the aid of a centrifuge and the organic phase is dried over Na,SO,, filtered off and the solvent evaporated at

room temperature under a stream of nltrogen The remammg dipeptide ester is dissolved in 1 mL of absolute
ether. Samples can now be taken from this solution for detection by GC/MS using a Hewlett-Packard HP-1
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capillary column (12m, 0.2mm diameter, 0.33um film thickness) with helium as a carrier gas starting at 100°
C (1 min, heating with 30°C/min up to 250°C (10 min). The area ratios of the depeptide diastereomers for
the obtained products and the authentic samples were identical. Retention times: N-trifluoroacetyl -D-prolyl -

i

allulmhinina mathul actar =8 8 min- A trifluinrnacatyl o cnralul o] _alivialucine mathyl acter =G 1 min: Altrifluoracaetic

LEGHYIYIYUH T THITU Y ©OLGE —U.W i, rvTuiiiuii vauoiyr "L piviyl CFLEQUYIMIY WG THITU YT Wolwl =V 1, v uiniivvidvo ue

-D-prolyl -L-proline methyl ester =10.1 min; N-trifluoracetic -L-prolyl -L-proline methyl ester =10.3 min.
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