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The Diels-Alder product 1 is transformed by Noyori reaction and catalytic
hydrogenation to 4. Hydrolysis with concomitant decarboxylation of 4 fur-
nishes the trans configuration amino acid S. Functional group transformation
(reduction, lactonization) of 5 provides 7, ring opening affords the pipecolic
acid derivative 9. On the other hand 1 is hydrolyzed to 10 and 4-oxo-pi-
pecolic acid 11. Reduction of 10 and subsequent hydrolysis with decarboxy-
lation of 12 affords the amino acid 13a/13b in a cis/trans ratio of 1:1.
Contrary to this result, reduction of 11 provides 13a/13b in a ratio of 2 95/5

Aminoséuren, 12 mite.: ()Pipecolinsiure-Derivate, Teil 2 -
Eine ergiebige Synthese substituierter Pipecolinsiuren

Das Diels-Alder Produkt 1 reagiert nach Noyori zu 2. Abspaltung von Me-
thanol und katalytische Hydrierung liefert 4. Durch Hydrolyse und Decarb-
oxylierung erhlt man trans-konfiguriertes 5, das durch Reduktion und Lac-
tonisierung zu 7 umgesetzt wird. Ringdffnung fiihrt zur Aminosiure 9. An-
dererseits liefert die Hydrolyse von 1 das Keton 10 bzw. 4-Oxo-pipecolin-
siure 11. Reduktion von 10 zu 12 und anschlieBende Hydrolyse und Decarb-
oxylierung liefert c¢is und trans 4-Hydroxy-pipecolinsiure 13a/13b im Ver-
hiiltnis 1:1. Im Gegensatz dazu fiihrt die Reduktion von 11 zu 13a/13b im
Verhéltnis = 95/5.

In the foregoing report! we described the [4+2] cycload-
dition of electrophilic N-acyl-imines and N-sulfonyl-imines,
resp., with various 1,3-dienes to 4-oxo-piperidine-2,2-dicar-
boxylates. In this publication we present an expeditious
method for the synthesis of cis 4-hydroxy-pipecolic acid
(13a) and its trans 5-benzyl derivative 9. These reaction
sequences will be useful in the synthesis of glycosidase in-
hibitors and especially modified aza sugars?.

The stable r-Butyldimethylsilyl enol ether 1, easily ac-
cessible by Diels-Alder reaction?, was reacted with an ex-
cess of triethylammonium fluoride® in tetrahydrofuran to
give 10. These neutral reaction conditions were chosen, be-
cause with tetrabutylammonium fluoride in THF rearrange-
ment of one of the methoxycarbonyl groups from position 2
to 5 occurred. The same held true when 10 was treated with
strong bases (LDA, NaOCH;)*. Furthermore, cleavage of
the silyl enol ether 1 in basic medium gave major amounts
of the 5,6-didehydro derivative of 10. Hydrolysis and con-
comitant decarboxylation of 10 with HBr fumished 4-oxo-
pipecolic acid hydrobromide 11%. Reduction of 10 with
NaBH, provided 12, which on hydrolysis gave a diastereo-
meric mixture of cis and trans 4-hydroxy-pipecolic acid in
the expected ratio of 1:1 (Scheme 1).

We reasoned first that reduction of 11 with NaBH, via for-
mation of 11¢ should provide the trans product 13b with high
diastereoselectivity” but this was not the case (Scheme 2).

'H-NMR spectroscopy of 11 in DMSO-dg showed that the carboxyl group
is in equatorial position, indicated by the H,-2/H,-3 coupling constant of
11.7 Hz, characteristic for a diaxial position of the two hydrogens. In meth-
anol-d, the hemiketal 11a/11b in a 1:1 mixture of diastereomers is the only
detectable species as the Be.NMR spectrum clearly shows (scheme 3).

Treatment of 11 with NaBH,; in Na;COj;-solution fur-
nished 13 in a cis/trans ratio of 2 95/5. This can be ration-

alized by hydride attack of the 4-position from the less hin-
dered side of 11.

Chemical proof for the cis configuration of 13a was given
by the transformation of the tosyl-derivative 14a to 15a.
This lactonization is not unreasonable for hydroxyl and car-
boxyl groups in 1,3 position”. On the other hand, Mitsuno-
bu reaction® of 14b provided also 15a with inversion of the
configuration. The highly strained lactone 15 reacted in
THF with LiBH, to 16 instantaneously (Scheme 1).

To get more lipophilic derivatives of 13 we started with
the silyl enol ether 1. A representative example with the
5-benzyl derivative is given here. Noyori reaction® of 1
with benzaldehyde dimethy] acetal furnished 2, elimination
of methanol gave the E-configurated benzylidene derivative
3, which was hydrogenated to 4 over Pd/C. Hydrolysis and
decarboxylation of 4 gave only one diastereomer with trans
configuration of the carboxyl and benzyl group, both in
equatorial position. The axial position of the hydrogen on
C-2 is characterized by the large coupling constant of Jp,3,
= 13.0 Hz and J2a, 3¢ = 4.3 Hz, respectively. The more
favorable equatorial position of the benzyl group is a result
of the facile epimerization on C-5 by keto-enol tautomeriza-
tion during acidic hydrolysis. Reduction of § with NaBH,
furnished 5-benzyl-4-hydroxy-piperidine-2-carboxylic acid
with all-equatorial positions of the substituents. Equatorial
positions of the hydroxy group can easily be understood by
arguments analogous to those of the reduction of 11 to
13a/13b. Introduction of the Cbz-group into 5-benzyl-4-hy-
droxy-piperidine-2-carboxylic acid furnished lactone 7 after
acidic work-up. This facile lactonization indicated cis con-

figuration of the hydroxyl and the carboxyl group.
This research was financially supported by the Fonds der Chemischen
Industrie.
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a: CgHsCH(OCHj3),, TBDMS-triflate; b: p-TosOH, 4; ¢: Hy, Pd/C; d: HBr/AcOH;
e: NaBH,, Na,COs; f: CbzCl/NaOH; g: HCI/AcOH; h: EzN HF/THF, Ny; it HCYA;
Jj: TosCl, NaOH; k: PhsP/DEAD; 1: NaBH,/MeOH; m: LiBH,/THF

* The compounds described are racemic, only one optical antipode is shown.
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Experimental Part
General methods

Ether and tetrahydrofurane were distilled from sodium wire immediately
before use.- Melting points are uncorrected.- IR spectra: Perkin-elmer
Model 48.- 'H- and 13C-NMR-spectra: WP 200 Bruker.- Thin layer chro-
matography: Merck silicagel 60 F,54 TLC plates, 0.25 mm; compound
visualization: I,-vapor.- Elemental analyses: Microanalytical Laboratory at
the Chemistry Department of the University of Wiirzburg and from I. Beetz
Laboratory, Kronach.

Dimethyl N-Methoxycarbonyl-5-(methoxyphenylmethyl)4-oxo-piperidine-
2.2-dicarboxylate (2) (mixture of diastereomeres)

To a solution of freshly recrystallized 1 (1.30 g, 3.35 mmol) in 30 ml
CH,Cl, benzaldehyde dimethyl acetal (0.536 g, 3.52 mmol) was added
under N,. The solution was cooled to -78°C and treated with tert-butyldi-
methyl silyl triflate (0.044 g, 0.17 mmol) in CH,Cl; (1 ml). After 7 h(-78°C)
the reaction was quenched with H,O (30 mi) and NaHCO; solution (5 mi).
Extraction with CH,Cl; (3 x) drying (Na;SOy) and evaporation of the com-
bined org. phases provided a colorless oil which was chromatographed on
silica gel with petrol ether/H;C-COOEt (Etac) (2+1). Fraction with Rg =
0.16 gave colorless crystals after trituration with diisopropyl ether and n-
hexane.- Yield 1.04 g (79%).- (m.d. 5.3 : 1.0 / syn : anti).- C;9H3NOg
(393.4) Caled. C 58.0 H 5.89 N 3.6 Found C 57.90 H6.17 N 3.7.- IR (KBr):
3100-2840; 1760-1700 (C=0 ester, ketone, urethane); 1450; 1380; 1255;
1210; 1180; 1115; 1070; 1035 cm .- 'H-NMR (CDCls): syr 8 (ppm) =2.70
(IH, ddd, JSa.6a =116 HZ, Jsa.& =6.1 HZ, JSH.PhC.H =32 HZ, Ha-s), 2.91-3.23
(2H, m, H-3), 3.18 (3H, s, OCH; ether), 3.61 (3H, s, OCH; urethane), 3.74
(3H, s, OCHj ester), 3.84 (3H, s, OCHj ester), 3.55-4.15 (2H, m, H-6), 4.35
(1H, 4, J = 3.2 Hz, PhCHD.- **C-NMR (CDCL): syn 8 (ppm) = 39.82 (C-6),
45.64 (C-3), 53.34 (OCHj 2 x ester + urethane), 54.50 (C-5), 57.72 (OCH;
ether), 67.47 (C-2), 81.51 (Ph-CH), 126.14, 127.91, 128.69, 138.04 (C
arom.), 155.68 (CO,CHj urethane), 168.09, 168.58 (CO,CH; 2 x ester),
204.00 (C-4).- anti & (ppm) = 42.18 (C-6), 45.06 (C-3), 53.34 (OCH; 2 x
ester + urethane), 54.50 (C-5), 57.04 (OCH; ether), 67.47 (C-2), 80.79 (Ph-
CH), 127.18, 128.24, 128.49, 137.35 (C arom.), 155.68 (CO,CHj urethane),
168.09, 168.58 (CO,CHj 2 x ester), 203.59 (C-4).

Dimethyl (E)-5-Benzylidene-N-methoxycarbonyl-4-oxo-piperidine-
2.2-dicarboxylate (3)

The solution of 2 (0.940 g, 2.39 mmol) and p-toluenesulfonic acid (0.180
£, 0.95 mmol) in absol. toluene (30 ml) was refluxed for 1.5 h. The volatiles
were evaporated and the residue was chromatographed on silica gel with
CHCl3/Etac 9+1 (Rg = 0.31). Recrystallization from n-pentane/diisopro-

*) Carbon atoms are numbered in analogy to pipecolic acid derivatives.
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pylether/Etac (3+2+1) gave colorless crystals.- m.p. 112°C.- Yield 0.702 g
(81%).- C1gHgNO, (361.3) Caled. C 59.8 H 5.30N 3.9 Found C 60.2 H 5.27
N 3.9.- IR (KBr): 3080-2850; 1755; 1740 (C=0 ester), 1705; 1695 (C=0 ure-
thane, ketone); 1625 (C=C), 1575; 1465; 1440; 1395; 1290; 1240 cm’’.- 'H-
NMR (CDCl3): & (ppm) = 3.19 (2H, s, H-3), 3.71 (3H, s, OCHj; urethane),
3.81 (6H, s, 2 x OCH; ester), 4.84 (2H, bs, H-6), 7.35-7.50 (SH, m, H arom.),
7.68 (1H, t, J = 1.4 Hz, PhCH=).- PC-NMR (CDCLs): 8 (ppm) = 42.69 (C-6),
44.97 (C-3), 53.45 (OCHj3 2 x ester + urethane), 67.09 (C-2), 129.90 (C-5),
128.82, 129.82, 130.27, 133.67 (arom.), 137.19 (Ph-CH=), 155.60 (CO,CH;,
urethane), 168.16 (CO,CHj 2 x ester), 192.79 (C-4).- MS: m/z = 361 (M",
28%), 329 (6), 302 (31), 254 (27), 175 (54), 142 (33), 115 (100).

Dimethyl 5-Benzyl-N-methoxycarboxyl-4-oxo-piperidine-2,2-dicarboxyl-
ate (4)

3 (0.400 g, 1.11 mmol) was hydrogenated in MeOH/Etac (1:1) (20 ml)
over 10% Pd/C (0.040 g) for 2 h at RT (5 bar). Filtration, evaporation of the
solvent and “filtration" over silica gel with CHCI;/Etac 9+1 furnished a
colorless oil. Trituration with ether gave crystals. Recrystallization from
diisopropyl ether/n-hexane/Etac (5+3+1) furnished colorless crystalls.- m.p.
87°C.- Yield 0.324 g (81%).- C,gH,NO; (363.4) Calcd. C 59.5 H5.83 N
3.8 Found C 59.7 H 5.99 N 3.8.- IR (KBr): 3060-2850; 1755 (C=0 ester);
1735 (C=0 ketone); 1710 (C=0 urethane); 1600; 1500; 1445; 1360; 1295;
1255; 1205; 1070 cm™ .- 'H-NMR (CDCL): § (ppm) = 2.60-2.82 (2H, m,
PhCH;), 2.94-3.20 (3H, m, H-3, H-5), 3.42 (1H, m, H-6), 3.71 (3H, s,
OCH; urethane), 3.80+3.81 (6H, s + s, OCHj3 2 x ester), 3.99 (1H, m,
H-6).- *C-NMR (CDCl): 8 (ppm) = 33.51 (Ph-CH,), 44.10 (C-6), 44.80
(C-3), 49.41 (C-5), 53.08 (OCHj urethane), 53.20 (OCHj 2 x ester), 67.80
(C-2), 126.40, 128.38, 128.75, 137.79 (C arom.), 155.69 (CO,CHj; ure-
thane), 167.82, 168.15 (CO,CHj 2 x ester), 204.91 (C4).

(trans)-5-Benzyl-4-oxo-piperidine-2-carboxylic acid hydrobromide (5)

4 (0.258 g, 0.71 mmol) was refluxed for 5 h in Hbr/AcOH 33% (3 mt)
and H,0 (0.3 g). After evaporation of the volatiles Etac was added and the
org. material was brought to crystallization and isolated by suction. The
mother liquor gave another crop of 5.- m.p. 203-206°C.- Yield 0.172 g
(77%).- C13H¢BINO; (314.2) Calcd. C 49.7 H 5.13 N 4.5 Found C 49.5H
5.38 N 4.4.- IR (KBr): 3200-3080 (OH); 3030-2860; 2800-2600 (NH,");
1745 (C=0 acid); 1715 (C=0 ketone); 1545; 1500; 1460; 1415; 1240;
1175; 700 cm’’.- "TH-NMR (DMSO-dg): 8 (ppm) = 2.43 (1H, m, Ph-HCH),
2.71 (1H, dd, J3, 3¢ = 15.0 Hz, Jp, 5 = 4.3 Hz, H,-3), 2.94 (1H, dd, Ja, 3, =
15.0 Hz, Jz, 3, = 13.0 Hz, H,-3), 3.18-3.28 (4H, m, Ph-HCH; H,-5; 2 x
H-6), 4.55 (1H, dd, Jo5 3, = 13.0 Hz, I, e = 4.3 Hz, H,-2), 7.19-7.36 (5H,
m, H arom.), = 9.6 (1H, bs, CO;H).- '>*C-NMR (DMSO-dg): 31.31 (Ph-
CH,), 39.92 (C-3), 45.14 (C-6), 46.20 (C-5), 55.39 (C-2), 126.34, 128.46,
128.76, 13828 (C arom.), 168.70 (COH), 201.72 (C-4).- '>C-NMR
(D,O/acetone): 31.59 + 32.53 (Ph-CH,), 39.80 + 40.80 (C-3), 45.15 +
45.58 (C-6), 46.78 + 47.48 (C-5), 56.23 + 57.27 (C-2), 92.44 (C-4 hydrate),
127.09 + 127.34, 129.41, 129.83, 138.89 + 140.06 (C arom.), 169.32 +
170.57 (CO,H), 202.79 (C-4 ketone).- ketone in addition to hydrate.- MS:
m/z = 233 (M", 4%), 215 (3), 188 (23), 142 (16), 131 (3), 117 (6), 91 (1),
82 (97), 81 (36), 80 (100), 79 (37), 56 (67), 44 (64).

Benzyl 4-syn-4-Benzyl-7-ox0-6-oxa-2-azabicyclof3 2.1]octane-
2-carboxylate (7)')

‘To a solution of 5 (0.200 g, 0.64 mmol) and Na,CO; (0.270 g, 2.55
mmol) in HyO (5 ml) was added NaBH, (0.050 g, 1.32 mmol) at 0°C.
Stirring was continued for 1 h. Acidification with dil. HCI and evaporation
provided a crystalline mixture of 9 and NaCl. 'H-NMR and *C-NMR
spectra showed signals for only one diastereomer.
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To a solution of this mixture in H,O (5 ml) and 2N-NaOH (pH 10) was
added dropwise CbzCl (0.164 g, 0.96 mmol) and 2N-NaOH in such a way
that the pH of the solution was between 8 and 10. After addition of another
0.030 g CbzCl stirring was continued for 1 h at ambient temp. Extraction
with diethyl ether (3 x) furnished 7 as an oil which was chromatographed
on silica gel (Rg = 0.51, CHCly/Etac 9+1).- Yield 0.146 g (65%).-
Cy1Hy1NO, (351.4).- IR (neat): 3100-2880; 1790 (C=O lactone); 1705
(C=0 urethane); 1605; 1590; 1495; 1450; 1415; 1355; 1290; 1255; 1220;
740; 700 cm™’.- 'H-NMR (CDCL3): § (ppm) = 2.15 (1H, bd, J3,3 = 12.4
Hz, H,-3), 2.31 (1H, bd, J3, 3. = 12.4 Hz, H,-3), 2.40 (1H, bm, H,-5), 2.65
(2H, bm, PhCH,-), 3.33 (1H, bd, Jg, 6. = 14.3 Hz, H,-6), 3.91 (1H, dd, Jg, 6.
= 14.3 Hz, Js. ¢. = 1 Hz, H,-6), 4.70-4.90 (2H, bm, H,-2, H¢-4), 5.10-5.30
(2H, bm, PhCH,0), 7.00-7.40 (10 H, m, H arom.).- rotameres.- Be.NMR
(CDCL): 8 (ppm) = 31.59 (PhCHy), 36.19 (C-3), 39.29 (C-5), 42.49 (C-6),
53.74 (C-2), 67.96 (PhCH,0), 79.93 (C-4), 126.80, 128.12, 128.30, 128.57,
128.77, 135.95, 137.93 (C arom.), 154.77 (PhCH,0CO-), 172.64 (-CO;-
lactone).

(2,4-cis!2 5-trans)-5-Benzyl-4-hydroxy-piperidine-2-carboxylicacid
hydrochloride (9)

To a solution of 7 (0.100 g, 0.28 mmol) in absol. MeOH (5 ml) was
added 10% Pd/C (0.010 g). The mixture was hydrogenated for 1 h at 5
bar. After filtration and evaporation the residue was refluxed in
AcOH/2N-HCI (1+1) (1 mi) for 3 h. Evaporation of the volatiles and tri-
turation with Etac gave crystalline 9, m.p. 228-230°C.- Yield 0.065 g
(84%).- Cy3H;3CINO; (271.7) Caled. C 57.5 H 6.68 N 5.1 Found C 57.2
H 638 N 5.1.- IR (KBr): 3300 (OH); 3080-2900; 2450 (NH,"); 1745
(C=0 acid); 1615; 1495; 1450; 1405; 1240; 1195; 1035; 695 em’- H-
NMR (MCOH-(&): & (ppm) = 171 (1H, dt, J3a,3c = 133 Hz = JZa,Sa =13.2 Hg,
Jaa4a = 10.9 Hz, H,-3), 1.93 (1H, m, H,-5), 2.40 (1H, dd, Jg, 6. = 13.8 Hz,
Jsa6a = 10.1 Hz, H,-6), 2.57 (1H, ddd, J3, 3. = 13.3 Hz, J3. 4, =44 Hz =
J2a3c = 3.2 Hz, He-3), 2.79 (1H, dd, Jper, = 12.9 Hz = J5, prygcy = 12.3 He,
PHHCH), 3.11 (1H, dd, Jper, = 12.9 Hz, Jsy prca = 4.2 Hz, PhAHCHD, 3.36
(1H, dd, Jeq 6o = 13.8 Hz, J5, 6. = 3.4 Hz, H.-6), 3.62 (1H, dt, J3,4, = 10.9
Hz = Jgy 5, = 10.6 Hz, J3. 4, = 4.4 Hz, H;-4), 4.03 (1H, dd, Jp,3, = 132
Hz, Jp3 = 32 Hz, H,-2), 7.18-7.36 (5H, m, H arom.).- C-NMR
(MeOH-dy): & (ppm) = 35.87, 36.08 (Ph-CH,-, C-3), 43.81 (C-5), 46.71
(C-6), 57.27 (C-2), 69.89 (C4), 127.65, 129.72, 130.18, 139.57 (C arom.),
170.56 (-COOH).- MS: m/z = 236 (M", 0.6%), 217 (0.8), 204 (8), 190
(100), 172 (11), 117 (13), 91 (26), 56 (91).

Dimethyl N-Methoxycarbonyl-4-oxo-piperidine-2 2-dicarboxylate (10)

1 (1.00 g, 2.58 mmol) in THF (20 ml) was reacted with triethylammoni-
um fluoride (0.78 g, 6.45 mmol) under N, at RT for 2 h, The mixture was
evaporated to remove volatile compounds and chromatographed on silica-
gel with CHCly/Etac 9+1.- Yield 0.55 g (78%) colorless crystals (n-hex-
ane/Etac 4+1).- m.p. 86°C. For another method of preparation, for spectros-
copic data and elemental analyses see ref.) (compound 3a).

4-Oxo-piperidine-2-carboxylic acid hydrobromide (11)

10 (0.800 g, 2.93 mmol) was refluxed in HBr/AcOH 33% (5 ml) and
H,0 (0.5 ml) for 3 h. After evaporation of the volatiles the residue was
treated with acetone (1 ml), cooled and isolated by suction.- Yield 0.481 g
(73%) colorless powder.- m.p. 205-210°C (Lit. 134-135°C (HCI); ref.>).-
CgH oBINO; (224.1) Caled. C32.2 H4.50 N 6.2 Found C31.9 H4.29 N
6.1.- IR (KBr): 3500-3400; 3100-2900; 2430 (NH,"); 1755; 1740 (C=0
acid, ketone); 1550; 1465; 1410; 1395; 1340; 1245; 1200 cm’l.- 'TH-NMR
(DMSO-dg): & (ppm) = 2.40-2.88 (4H, m*, J3a3¢ = 16.0 Hz, H-5, H-3), 3.35
(1H, dt, Jgg g0 = 12.1 Hz = J5, 60 = 12 Hz, J5o 6o = 4.4 Hz, H,-6), 3.56 (1H,
ddd, Jea 6 = 12.1 Hz, J5q 6 = 6.7 Hz, J5¢ 6o = 2.6 Hz, H,-6), 4.54 (1H, dd,
Joa3a = 11.7 Hz, J2, 3. = 5.3 Hz, H,-2). ¥ (overlapping with the DMSO-sig-
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nal).- '"H-NMR (D,0): 11-hydrate: § (ppm) = 1.86-2.14 (3H, m, H,-3, H,-5,
H,-5), 2.41 (1H, ddd, J3, 3, = 14.3 Hz, I, 3, = 4.0 Hz, J3. 5, = 2.2 Hz, H-3),
3.23 (1H, ddd, Jg, g = 13.0 Hz, J5, o = 11.3 Hz, Jse 6, = 4.3 Hz, H,-6), 3.51
(1H, td, Jgu 5 = 13.0 Hz, Js, ¢ = 4.3 Hz, H,-6), 4.16 (1H, dd, Jp,3, = 11.5
Hz, Iy, 3 = 4.0 Hz, H,-2).- ®*C-NMR (DMSO-dg): & (ppm) = 35.46 (C-5),
30.09 (C-3), 40.94 (C-6), 54.66 (C-2), 168.97 (CO,H), 201.15 (C-4).- 3C-
NMR (D,0): 11-hydrate: § (ppm) = 34.62 (C-5), 38.21 (C-3), 41.93 (C-6),
55.91 (C-2), 91.58 (C-4), 171.61 (CO,H).- *C-NMR (MeOH-d,): 11a/11b
(hemiketal): 8 (ppm) = 32.17 + 33.05 (C-5), 36.66 + 36.84 (C-3), 42.24 +
42.39 (C-6), 56.03 + 56.25 (C-2), 94.25 + 94.59 (C-4), 170.79 (COOD).-
MS: m/z =98 (10%), 82 (71), 81 (28), 80 (73), 79 (30), 56 (17), 44 (100).

Dimethyl 4-Hydroxy-N-methoxycarbonyl-piperidine-2.2-dicarboxylate
(12)

10 (0.400 g, 1.46 mmol) was dissolved in MeOH (10 ml) and Etac (6 ml).
NaBH, (0.080 g, 2.11 mmol) was added and ambient temp. and the mixture
was stirred for 40 min. Addition of buffer solution (pH 7), extraction with
CH,Cl, (5 x), drying of the combined org. phases and evaporation fur-
nished a viscous oil. Trituration with diisopropyl ether at -30°C provided a
colorless powder. Crystals from n-hexane/Etac 1+1.- m.p. 104.5°C.- Yield
0.285 g (71%).- C;1H7NO; (275.3) Caled. C 48.0 H 6.23 N 5.1 Found C
48.2 H 6.43 N 5.1.- IR (KBr): 3555; 3450 (OH); 3010-2860; 1740 (C=0
ester); 1690 (C=0 urethane); 1455; 1450; 1370; 1260; 1230; 1225; 1205;
1110; 1070 cm™.- 'H-NMR (CDCl): 1.60-1.77 (2H, m, H,-5, OH), 1.84-
1.96 (1H, m, H,-5), 2.33 (1H, dd, J3, 3. = 13.4 Hz, J3, 4, = 7.4 Hz, H,-3),
248 (1H, dd, J3, 3. = 13.4 Hz, J3 4, = 2.3 Hz, H,-3), 3.36 (1H, ddd, Jg, 60 =
13.3 Hz, Js, o = 7.9 Hz, Js. 6, = 4.4 Hz, H,-6), 3.66-3.92 (2H, m, H,-6,
H,-4), 3.74 (3H, s, OCH; urethane), 3.81 (6H, s, OCH; 2 x ester).- °C-
NMR (CDCL): & (ppm) = 31.30 (C-5), 39.25 (C-3), 39.59 (C-6), 52.80,
52.87, 52.91 (OCHj; urethane + 2 x ester), 63.38 (C-4), 67.66 (C-2), 157.40
(CO,CHj; urethane), 168.75 (CO,CHj 2 x ester).- MS: m/z = 175 M+,
2%), 257 (0.3), 243 (0.6), 216 (100), 199 (5), 184 (37), 172 (18), 160 (44),
156 (13), 128 (44), 100 (12), 59 (17).

(cis)-4-Hydroxy-piperidine-2-carboxylic acid hydrochloride (13a)

To a solution of 15b (0.095 g, 0.36 mmol) in absol. MeOH (5 ml) was
added 10% Pd/C (0.010 g). The mixture was hydrogenated for 1 h at 5 bar
pressure. After filtration and evaporation the residue was heated in 4N-
HCI (1 ml) at 80°C for 3 h. Evaporation of the volatiles and trituration
with acetone gave 13a as colorless crystals. m.p. 203°C (decomp.).- Yield
0.057 g (86%).- C¢H >CINO; (181.6) Caled. C 39.7 H6.66 N 7.7 Found C
39.5 H 6.88 N 7.7.- IR (KBr): 3420; 3220 (OH); 3030-2800; 2500 (NH,";
1745 (C=0 acid); 1585; 1450; 1425; 1395; 1265; 1205; 1080; 1070 cm™ -
"H-NMR (MeOH-d,): 8 (ppm) = 1.60-1.78 (2H, m, H,-5, H,-3), 2.10 (1H,
m, Js,5e = 13.9 Hz, H,-5), 2.38 (1H, m, J3, 3. = 13.5 Hz, H,-3), 3.08 (1H,
dt, Jsa6a = Joa e = 12.9 Hz, Js 65 = 3.2 Hz, Hy-6), 3.49 (1H, td, Jg 6 =
12.9 Hz, Js, 6e = Jse6e = 3.9 Hz, He-6), 3.92 (1H, m, H,-4), 4.06 (1H, dd,
Jaa3a = 12.0 Hz, Jpy 3 = 3.5 Hz, H,-2).- *C-NMR (MeOH-d,):  (ppm) =
31.66 (C-5), 35.54 (C-3), 42.58 (C-6), 56.55 (C-2), 65.83 (C-4), 170.77
(COOH).

4-Hydroxy-piperidine-2-carboxylic acid hydrochloride (13a/13b)
(mixture of diastereomeres 1+1)

12 (0.200 g, 0.73 mmol) was refluxed in 4N-HCI (3 ml) for 8 h. Evapora-
tion of the volatiles and trituration with acetone gave 13a + 13b as a
colorless, hygroscopic powder. The 13C-NMR—spectrum shows signals for
cis- and trans-isomer in a ratio about 1:1.- Yield 0.103 g (78%).-
CH{;CINO; (181.6).- '>C-NMR (MeOH-dy): cis & (ppm) = = 31.63 (C-5),
35.48 (C-3), 42.57 (C-6), 56.49 (C-2), 65.80 (C-4), 170.71 (COOH).- trans
3 (ppm) = = 29.53 (C-5), 33.94 (C-3), 40.01 (C-6), 53.12 (C-2), 62.10
(C-4), 171.62 (COOH).
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Synthetic Entry to Substituted Pipecolic Acids

Benzyl 7-Oxo-6-0xa-2-azabicyclo[3.2.1]octane-1-carboxylate (15b)

To a solution of 11 (0.130 g, 0.58 mmol) and Na,CO; (0.030 g, 0.28
mmol) in H,O (5 ml) was added at ambient temp. NaBH, (0.033 g, 0.87
mmol). Stirring was continued for 1 h. Acidification with dil. HCl and
evaporation provided a crystalline mixture. 'H-NMR- and laC—NMR—spec—
tra showed quantitative reduction of 11 to mainly 13a (= 95%) and only
traces of 13b. Then the mixture was treated with CbzCl (0.150 g, 0.88
mmol) and 2N-NaOH and worked up as described for 7. The fraction with
Rg = 0.35 (CHCl3/Etac 9+1) gave 15b as colorless oil.- Yield 0.095 g (63%
from 11).- C;4H;sNO,4 (261.3°.- IR (neat): 3080-2870; 1785 (C=0O lac-
tone); 1700 (C=O urethane); 1585; 1495; 1410; 1335; 1290; 1255; 1215;
1155; 1115; 1055; 950 cm™.- "H-NMR (CDCl5): 8 (ppm) = 1.80-2.10 (3H,
m, H,;-5, H,-3), 2.30 (1H, m, J3, 3, = 12.2 Hz, H,-3), 3.25 (1H, bm, H,-6),
4.11 (1H, bm, H.-6), 4.75-5.00 (2H, bm, H.-2, H.4), 5.15 (2H, s,
OCH,Ph), 7.30-7.37 (SH, m, H arom.).- rotameres.- >C-NMR (CDCls): §
{(ppm) = 28.61 (C-5), 36.61 (C-3), 38.74 (C-6), 53.70 (C-2), 67.94
(OCH,Ph), 77.89 (C-4), 128.15, 128.37, 128.67, 136.09 (C arom.), 154.50
(CO,CH,Ph), 173.03 (-CO,-lactone).

cis-4-Hydroxy-N-tosyl-piperidine-2-carboxylicacid (14a)

13a (0.050 g, 0.28 mmol) was dissolved in HyO (3 ml) and treated with
2N-NaOH (0.5 ml, 1.0 mmol) and TosCl (0.080 g, 0.42 mmol) in ether (3
ml). After stirring at ambient temp. for 15 h, the mixture was alkalized,
extracted with ether (2 x), the aqueous phase acidified and extracted with
CH,Cl, (6 x). The CH,Cl, extract was dried over Na;SO,4 and evaporated
to furnish 14a.- Yield 0.051 g (62%) colorless crystals.- m.p. 165°C.-
Cy3H7NOsS (299.3) Caled. C 522 H5.72 N 4.7 Found C 52.0 H 5.78 N
4.7.- IR (KBr): 3530; 3420 (OH); 3000-2860; 1715 (C=0O acid); 1595;
1495; 1445; 1425; 1340; 1325; 1225; 1155; 1095; 940; 900; 820; 725; 655
cml.- 'TH-NMR (DMSO-dg): & (ppm) = 1.29 (1H, m, H-5), 1.47 (IH, m,
Jsa5c = 13.1 Hz, H-5), 1.63 (1H, ddd, J3, 3. = 13.9 Hz, J3 3, = 6.9 Hz, J3, 4 =
2.3 Hz, H,-3), 2.14 (1H, m, J3, 3. = 13.9 Hz, H,-3), 2.38 (3H, 5, CHj3), 3.39
(1H, m, H-6), 3.58 (1H, ddd, Jg, 6. = 12.9 Hz, J5, 6, = 9.8 Hz, J5. ¢, = 3.1
Hz, H,-6), 3.81 (1H, m, H-4), 437 (1H, dd, J,3, = 6.9 Hz, J, 3. = 2.3 Hz,
H-2), 4.65 (1H, bs, OH), 7.37 (2H, d, J = 8.3 Hz, H arom.), 7.69 2H,d,J =
8.3 Hz, H arom.), 12.41 (1H, bs, COOH).- *C-NMR (DMSO-dg): & (ppm)
= 20.95 (CHjy), 30.74 (C-5), 33.62 (C-3), 36.99 (C-6), 51.75 (C-2), 61.03
(C-4), 126,71, 129.57, 137.91, 142.69 (C arom.), 172.08 (COOH).

2-Tosyl-6-oxa-2-azabicyclo[3.2.1]octane-7-one (lSa)‘)

14a (0.035 g, 0.12 mmol) and p-toluenesulfonic acid (0.020 g, 0.12
mmol) were refluxed in toluene for 2 h. After evaporation of the solvent the
residue was chromatographed on a short column of silica gel with
CHCl3/Etac 9+1.- Yield 0.019 g (58%) colorless crystals (Etac/n-hexane
143).- m.p. 145°C.- Cy3H;sNO4S (281.3) Caled. C 55.5 H 5.37 N 5.0
Found C 55.8 H 5.51 N 4.9.- IR (KBr): 3020-2860; 1790 (C=O lactone);
1595; 1450; 1350; 1335; 1160; 145; 965; 945 cm’'.- 'H-NMR (CDCl): &
(ppm) = 2.05 (2H, m, H-5), 2.13 (1H, dd, J3, 3 = 14.1 Hz, J35 4. = 2.1 Hz,
H,-3), 2.34 (1H, m, H,-3), 2.43 (3H, s, CH3), 2.80 (1H, ddd, Jg e = 12.2

*) Carbon atoms are numbered in analogy to pipecolic acid derivatives.
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Hz, Js, 6 = 10.3 Hz, J5, ¢, = 6.1 Hz, H,-6), 3.87 (1H, m, H,-6), 4.60 (1H, d,
Jaee = 43 Hz, He-2), 490 (1H, m, He-4), 7.33 (2H, d, J = 82 Hz, H
arom.), 7.74 (2H, d, J = 8.2 Hz, H arom.).- >C-NMR (CDCly): § (ppm) =
21.57 (CHj), 28.49 (C-5), 37.40 (C-3), 40.32 (C-6), 55.26 (C-2), 76.21
(C-4), 128.07, 129.62, 133.91, 144.22 (C arom.), 170.97 (-CO,- lactone).-
MS: m/z = 281 (M", 8.5%), 237 (76), 155 (35), 106 (10), 91 (97), 82
(100),

cis-2-Hydroxymethyl-N-tosyl-piperidine-4-ol (16)

15a (0.040 g, 0.14 mmol) in absol. THF (5 ml) was treated with LiBH,
(0.010 g, 0.46 mmol). After 1 h N-HCI was added and THF was evap-
orated. Extraction with CH,Cl, (3 x), drying (Na;SOy4) of the combined
org. phases and evaporation furnished a colorless powder. Recrystallization
from Etac/n-hexane 1+1 gave colorless crystals.- Yield 0.037 g (91%).-
m.p. 110°C.- C;3H;gNO,S (285.4) Calcd. C 54.7 H 6.71 N 4.9 Found C
55.1 H 6.62 N 4.7.- IR (KBr): 3170 (OH); 3020-2840; 1595; 1490; 1460;
1335; 1315; 1150; 1110; 945; 835; 810; 685 cm™'.- '"H-NMR (CDCly): &
(ppm) = 1.54 (2H, m, H-5), 1.77 (2H, m, H-3), 2.43 (3H, 5, CH3;), 2.83 (2H,
bs, 2 x OH), 3.50-4.10 (6H, 3 x m, H-6, CH,0, H-2, H-4), 7.30 2H,d, ] =
8.1 Hz, H arom.), 7.74 (2H, d, J = 8.1 Hz, H arom.).- '’C-NMR (CDCl): 8
(ppm) = 21.51 (CH3), 31.41 (C-5), 32.92 (C-3), 37.37 (C-6), 52.90 (C-2),
62.88 (C4), 64.97 (CH,OH), 126.96, 129.80, 138.01, 143.32 (C arom.).
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