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Abstract: Wittig reaction of the azido lactol 7 proceeds with concomitant 1,3-dipolar cycloaddition
of the azido function to the o, B-unsaturated ester function of 9a,b which can not be isolated. The
diastereomeric triazolines 10a,b and the diazoamines 11a,b were separated. The vinylogous urethane
13 can be hydrogenated diastereoselectively to the all-cis configurated piperidyl acetic ester
denvatlve whlch is deprotcted to 1. Functional group transformations of the side chain is
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2,3,6-Trisubstituted piperidine alkaloids are widely found in nature, e.g. in Azima, Carica, Cassia and
Prosopis species.' Many of them display strong pharmacological activities, especially those from Microcus
philipinensis and Prosopis africana. As a common structure these molecules possess a B-hydros
with a side chain in position 6 and a methyl or hydroxymethyl group in position 2 of the heterocycle. Some of

them like carpamic acid, cassine or spectaline have an all-cis configuration and are distinguished in the length
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As we were interested in a general approach to this class of alkaloids we looked for a convergent synthesis
of the piperidine ring with the substituents in all cis-configuration and a functionality in position 6 which allows a
facile attachment of various side chains. Therefore we chose the chiral nonracemic piperidyl acetic ester (25, 35,
65)-1 as an intermediate, which already contains all stereogenic information for this class of piperidine alkaloids.

Stereoisomeric pure B-hydroxypiperidyl acetic esters have been described before in literature.” These
syntheses use mostly biochemical or enzymatic transformations to get the stereogenic information.

Recently we communicated an entry to nonracemic Z-alkyi-5-hydroxy piperidines via a cycioaddition
reaction.’ In this report we use this method for the stereoselective synthesis of (25, 3S, 65)-1 based on a ring
enlargement reaction via tandem Wittig 1,3-dipolar cycloaddition4 reaction for the construction of the piperidine
ring, followed by a highly diastereoselective hydrogenation reaction.

Following the methodology of our published synthesis of epi-pseudoconhydﬁne3 and its homologues in

which we described this intramolecular cycloaddition reaction of a azido lactol with a primaly azido function, we

now communicate this type of reaction with the secondary azido lactol 7 (Scheme
To this end, we started from Ca-D-giuconate, which was converted to the stereoisomeric pure iactone 4 in
a three step reaction sequence. The hydrogenation has to take place in two steps to get the B-hydroxy function

eliminated bv hvdrobromic acid in a base free medium.
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a: HBr, HOAc, b: MeOH; ¢: Hy, Pd/C, EtOH; d: H,, Pd/C, NEt;, EtOAc; e: MesCl, NEt;, CH,Cl, -30 —
+20°C; f: LiN;, DMF, 70°C, 18 h; g: DiBAI-H, -60°C, THF.
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After converting the hydroxy function of 4 to the mesylate 5, the following nucleophilic substitution with
lithium azide provided the azido lactone 6 with excellent diastereoselectivity (> 95 % d.e.).® Treatment of 6 with
diisobutylaluminum hydride (DiBAI-H) at -50°C produced a diastereomeric mixture of the acetals 7 (Scheme 2).

When 7 was treated with ethoxycarbonyl methylene(triphenyl)phosphorane 8 at room temperature a
smooth Wittig reaction took place. The obvious intermediate 9 could not be isolated, because an intramolecular
1,3-dipolar cycloaddition followed immediately. This tandem reaction provided the diastereomeric triazolines 10
and the diazoamines 11 in a ratio of about 2 : 1. Triphenylphosphine oxide as the byproduct was separated by
column chromatography on silica gel with dichloromethane / methanol 9 : 1. When traces of a base like

triethylamine were added, equilibration between 10 and 11 was catalyzed (Scheme 3).
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6R)-
11/(6°S)-11 ~ 2 : 1. Therefore we used a three step reaction sequence to elaborate the (6'S)-stereochemistry
selectively. A mixture of the compounds 10 and 11 gave a stereochemically homogeneous product 12, when they

were heated in toluene at 90 - 100 °C. Thereby elimination of nitrogen took place® and concomitant 1,2-H shift

bond would occur mainly from the less shielded B-side of the molecule when a bulky protecting group at the

OH-function is present. Treatment with Bu'Me,SiCl, imidazole and a catalytic amount of DMAP provided the

vinylogous urethane 13 with Pd /C occurred exclusively from the less shielded B-face. A cis configurated

compound 14 was isolated as the only product with better than 98% d.e. (Scheme 4).
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easily removable byproduct. When the reaction mixture was heated to 50°C complete transesterification took

place, so that the desired precursor (25, 38, 65)-1 was isolated in form of its methyl ester hydrochloride.

-
B

6-piperidyl ethanal, the amino and the hydroxy functio to be protected before. To avoid different protecting
groups for the O- and N functionality we envisaged a cyclic urethane as the simpliest solution for this problem.

O and diazabicyclooctane as a preferred base provided compound 15, in

D..

which both functional groups were protected by a bridged urethane. In a first step either the amino or the
hydroxy function of 1 was protected by the butoxycarbonyl group, followed by an intramolecular substitution

tion. With carbonyldiimidazole instead of Boc,O the same results were obtained.

The ester function of 15 was converted to the desired aldehyde 17 selectively in a modified two step
sequence, which we already have used for our pseudoconhydrine synthesis. Reduction of the ester with
diisobutylaluminum hydride gave the alcohol 16, which was oxidised by a Moffat reaction to produce the
aldehyde 17, which is an excellent precursor for cassia and prosopis alkaioids. For exampie, elongation of the
side chain with methylene(triphenyl)phosphorane led to bicyclic olefin 18, which was, after hydrogenation,
deprotected to 3-hydroxydihydropinidine 20 (Scheme 3).
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a: Me PPh;Br’, NaN(SiMe,),, Et;0; b: Pd/C, H,, EtOH; ¢: MeOH, HCL.

- In summary we described a facile entry to all cis configurated B-hydroxypiperidine derivatives via tandem
Wittig-[2+3] cycloaddition reaction. This approach with its excellent diastereomeric control is currently applied

to the synthesis of prosophyiline and derivatives th

eof.
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Experimental

General: Solvents were dried according to common methods and distilled before use. TLC: Merck precoated
silica gel 60 F-254 plates; detection with iodine vapour or UV light. Column chromatography: silica gel Merck
60 (0.063 - 0.2 mm). M.p. are uncorrected. Optical rotations: Perkin Elmer 241 spectrometer. IR spectra (KBr):
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Perkin Elmer 681. Mass spectra: Finnigan 8200 spectrometer. H, ~C NMR specira: Bruker AC 200 and AC

600 spectrometer, chemical shifts in ppm relative to solvent as internal standard, coupling constants in

E

(35, 45, SR, 1°S)-3-Bromo-5-(2°-bromo-1"-hydroxy)ethyi-4,5-dihydro-4-hydroxy-2-(3H)-furanone (2)
1 was prepared from Ca-D-gluconate according to procedure of ref’. Yield: 11.4 g (42 %), colourless crystals,

2 131°C; (ref *: 38-44 %, 130-132°C) - 'H NMR (CD;0D, 200 MHz): § (ppm) = 5.31(d, J; ;= 4.4 Hz

130-132 ¥ 1 H,
0 MR (CD;0D, viHz): § (ppm) = 5.31 (d, ] iz, 1 H,

-~ TT LN -y

P
3-H), 4.92 (br, 2H,UH),4lj(dd,J34—44Hz,J45—z9Hz,11’1,4—1—1),401(015 Js)-= 8.9 Hz, J45 = 2.9 He,
| H, 5-H), 4.39-4.28 (m, | H, 1"-H), 3.92 (dd, J2020 = 11.0 Hz, J; 3, = 2.7 Hz, 1 H, 2"-H,), 3.77 (dd, Jy.520 =
11.0 Hz, J;- 3, = 5.4 Hz, 1 H, 2"-Hy), (ref*: 5.22 (d, 4 = 4.4 Hz, 1 H, 3-H), 4.67 (dd, J;4 = 4.4 Hz, J,5 =32
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nz, 1 P;, 4~11), 464 (dd, }51 =85Hz 4'4,5 32Hz 1} H, 5- 11), 4.26 ("ﬁ, 1 Px, }'—H), 3.80 (dd, JZ'LZ'b =11.6Hz
Jyaa=2.6Hz, 1 H, 2-H,), 3.60 (dd, Jya2n = 11.6 Hz, J;- 2, = 5.0 Hz, | H, 2"-Hy)).- °C NMR (CD;0D, 50.3
MHz): § (ppm) = 173.7 (s, C-2), 83.6 (d, C-5), 71.3 (d, C-4), 68.9 (d, C-1'), 49.2 (d, C-3), 38.4 (t, C-2').- IR

{55, 1°8)-5-(2° Branﬁ-i’-hydr"y)ethyl--‘.,s-dihydr"-z-(.}ﬁ)-ﬁir"nane 3)

Prepared from 2 according to procedure of ref.”. * Yield: 7 2 g (71 %), colourless crystals, m.p.: 73°C, (ref.5: 71
%, 76-77°C).- 'H NMR (CDCls, 200 MHz): 8 (ppm) = 4.57 (q, Js,,- = J;-»- = 6.9 Hz, 1 H, 1'-H), 4.01 - 3.92 (m,
1 H, 5-H), 3.63 - 3.58 (m, 3 H, 2-H,;, OH), 2.59 - 2.46 (m, 2 H, 3-H,;), 2.31 - 2.17 (m, 2 H, 4-H,;)- ’C
NMR (CDCl;, 50.3 MHz): § (ppm) = 177.6 (s, C-2), 80.2 (d, C-5), 71.5 (d, C-1"), 34.2 (t, C-2"), 28.2 (t, C-3)
224 (1, C-4), (ref 177.4 (C-2), 80.1 (C-5), 71, 4 (C-1), 34.2 (C-2"), 28.0, 22.3 (C-3,4)). - IR (KBr): v (cm")
= 3550 - 3240 (O-H), 2960 (C-H), 1760 (C=0), 1185 (C-0).- [al} = +19.6 (c = 4.3, CHChy), (ref’: +20.3, (c =

(
5, CHCly)).- CsHy04Br, (209.03): calcd. C 34.48, H 4.34, found C 34.27, H 4.20.
(58, 1'R)-4,5-Dihydro-5-(1 -hydroxy)ethyi-2-(3H)-furanone {(4)
Prepared from 3 according to procedure of ref’. Distillation over 10 cm Vigreux gave pure 4. Yield: 3.59 g (78
%), colourless oil, R¢ = 0.20 (E;0), b.p.: 132-135°C / 5 mbar, (ref*: 77 %, 110-115°C / 0.3 Torr).- 'H NMR

(CDCly, 200 MHz): 8 (ppm) = 4.33 - 4.25 (m, 1 H, 1"-H), 4.02 - 3.85 (m, | H, 5-H), 3.03 - 2.62 (br, 1 H, OH),
2.49-2.29 (m, 2 H, 3-H,p), 2.17 - 2.02 (m, 2 H, 4-H,}), 1.09 (d, J;-» = 6.5 Hz, 3 H, 2’-H).- BC NMR (CDCl;,
50.3 MHz): & (ppm) = 177.9 (s, C-2), 83.7 (d, C-5), 67.1 (d, C-1"), 28 4 (t, C-3), 20.9 (t, C-4), 17.7 (q, C-2),
(ref>: 178.1 (C-2), 87.3 (C-5), 67.3 (C-1"), 28.3, 20.9 (C-3,4), 17.7 (C-2")).- IR (neat); v (cm™') = 3550 - 3240
(O-H), 2980, 2930 (C-H), 1765 (C=0), 1190 (C-0)- [al® = +9.3 (¢ = 3.7, CHCly), (ref’: +9.1, (c = 4,
CHCL)).- CeH605, (130.14): caled. € 55.37, H 7.74, found C 55.23, H 7.49

(58, 1°R)-4,5-Dihydro-5-(1"-mesyloxy)ethyl-2-(3H)-furanone (5)
To a solution of 4 (3.34 g, 25.6 mmol) in dichloromethane (120 ml) dry triethylamine (4.0 ml, 28.0 mmol) was
i d

at this temperature. Stirring was continued for 15 min
reach room temperature and was stirred for another 2 h. A saturated solution of ammonium chloride (50 ml) and
0

0.5 M hydrochloric acid (100ml) were added. The organic layer was separated, the aqueous was extracted with

dichioromethane (100mi) twice. The combined organic layers were washed with a saturated solution of sodium
chloride (100 ml), dried with sodium sulfate and evaporated. The residue was recrystallised from
dichloromethane / petroleum ether (30-50°C). Yield: 5.24 g (98 %), colourless crystals, m.p.. 72°C.- 'H NMR

1 ‘ W\ 420(td 1, . =F. . =70
s L XL, 1 ~X1), .35 (10, J4a8 = J4b5~ 7.V nZ,
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'sr\tr

Js.-=3.0Hz, 1 H, 5-H), 2.83 (s, 3 H, CH;-80;-), 2.40 - 1.93 (m, 4 H, 3-H,, 4-H,p), 1.21 (d, J;-»r = 6.6 Hz, 3
H, 2"-H).- °C NMR (CDCls, 50.3 MHz): & (ppm) = 175.9 (s, C-2), 79.6 (d, C-5), 78.0 (d, C-1'), 37.7 (q, CH;s-
SO,-), 27.3 (t, C-3), 20.9 (1, C-4), 15.8 (g, C-2").- IR (KBr): v (cm™") = 3020, 2980, 2930 (C-H), 1775 (C=0),
1350 (8=0), 1170.- [@]® = -5.6 (¢ = 1.5, CHCl). - C;H,,0sS, (208.22): caled. C 40.38, H 5.80, S 15.40, found
C40.37, H5.49, S 15.55.

(58,1°8)-5-(1"-Azido)ethyi-4,5-dihydro-2-(3H)-furanone (6)
To a solution of § (4.16 g, 20.0 mmol) in DMF (80 ml) lithium azide (985 mg, 20.1 mmol) was added. The

mixture was heated with stirring to 60°C for 18 h. After evaporation of the solvent in vacuo the residue was
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UlbbUlVCU Ill water 150 mi u CXidacicd Wl
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he combined organic layers were dried

-
o
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18
with sodium sulfate. The solvent was evaporated, and

the
silica gel with ethyl acetate. Yield: 2.39 g (77 %), pale yellow oil, R; = 0.64 (EtOAc).- '"H NMR (CDCl,, 200
Q

— K710~ —A0QLI
- = 0.7/ riZ, J5| 4.7

( 4a, s 1 11, 114,
1 H, 1'-H), 2.48 - 1.84 (m, 4 H, 3-H,;, 4-H,;), 1.19(d, J;-»- = 6.7 Hz, 3 H, 2 H) - BC NMR (CDCl, 50.3
MHz): 6 (ppm) = 176.1 (s, C-2), 81.6 (d, C-5), 59.4 (d, C-1'), 27.7 (1, C-3), 24.0 (t, C-4), 14.7 (g, C-2").- IR
(D I,,m'l\ = 20Q8& QAN (C LIV D110 L N\ 170N (= 1AL 110N 12120 — 1QT N A — € £ Oraet
INDIL ). Vv Nl ) LT0J, LTHVU \L-T1), £L11V (~IN3), 170U (LT}, 1400, 110U.- [(X,jD — T¥I VU \ = 2.0, \.;I'l\;lg) -

To a solution of 6 (2.23 g, 14.36 mmol) in THF (10 ml) diisobutylaluminum hydride (14.3 ml, 1 M solution in
hexane) was added slowly at -78°C. The mixture was stirred for 45 min. An additional portion of the DiBAl-H
solution (5.7 ml) was added and the mixture was stirred for at least 6 h at ~60°C. Then it was cooled to -78°C
and quenched by the addition of water (20 mi) with vigorous stirring. The mixture was allowed to reach room
temperature and 1 M hydrochloric acid (100 ml) and dichloromethane (600 ml) were added. The organic layer

was separated, dried with sodium sulfate, filtered and evaporated. The residue was purified by column

H), 2.17 - 1.40 (m, 4 H, 3-H, 4-H), 1 1.14(d, )y =67Hz, 3 H —H)-”CNMR(CDC!; 50.3 MHz): &
. el P Q1 & /QNQ{A L&Y 6NT1 /672174 £.1°y 226 /D64t £ 265 /262 {+ O
@, 0-L), 03,5/ 0UF (0, L0, 0U. 1/ U021 ({0, U1 J, 33,5/ 32091, L~3), 2U0.3/ 0.4 (4, L

.5), 41.0 (49.0).- IR (KBr): v (cm’ ') = 3550 - 3240 (0O-H), 2980, 2920, 2870 (C-H), 2100
N

NAN e N (187 1KY
vou RSN

I 268 74 Fn-nAf‘AA'T) H 702 N
.- b71111U21‘3, \1.11 40

LT, AUUIIG O T iy 1IN

" ratio of epimers; 1.2 : 1
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Ethyl (25, 3S)-3-Hydroxy—2—methyl-1,8,9-—triazabicyclo[3.4.0]110n—8—ene~7—Carboxylate (10a,b) and Ethyl
(28, 3'5)-2-Diazo-6"(3"-hydroxy-2'-methyl)nineridyl Acetate (11a,h)

T0 a soiution of 7a,b {1.27 g, 8.08 mmoi} in toiuene {10 mi) iriphenyicarbeihoxymethyiene phosphorane 8 (2.81
g, 8.08 mmol) was added. The mixture was stirred for 5 d at room temperature. The solvent was evaporated

below + 30°C and the residue was purified from Ph,PO by column chromatography on silica gel with

Adichlaramathana [ mat ‘-\nﬂf\‘ 9 + 1 Texs fi-nni-: n

0 0
VIVILIVI VUG UIIQIIV /1 iLialinvl 4

mg of the triazolines 10a,b (53 %), colourless oil, R = 0.43 - 0.32 (CH,Cl, / MeOH 9 : 1) and 624 mg of the
diazoamines 11a,b (34 %), yellow oil, Re= 0.18 - 0.12 (CH,Cl, / MeOH 9 : 1).- spectroscopic data of 10a,b: H

ARAD (O 900 RALT LY K fvemen) — A 5

A AA 11T MNry 2
INAVARN \Vi/vidl, 4V DVILAL). U\ PpPILL) ™ 1.J% T 1Y

.1 Hz, 2 H, CH;-CH,-j, 3.70 (br,
1H,OH), 3.58 -3.23 (m, 3 H, 2,3,6-H), 1.98 - 1.55 (m, 4 H, 4,5-H), 1.53 (d, Jmez = 6.7 Hz, 3 H, CH;-), 1.24
(t, Juic=7.1 Hz, 3 H, CH5-CHj-).- PC NMR (CDCl,, 50.3 MHz): 3 (ppm) = 168.4 / 168.1 (s, C=0), 81.4/81.1

A KQ
vo

(4 07 + M
\Yy =7 ),

<
i, \.4113"./112 , o

C-4), 22.7/26.2 (t, C-5), 15.0 (g, CH;3-), 13.9 (q, CH3-CH,;-).- spectroscopic data of 11a,b: 'H-NMR (CDCl,,
200 MHz): & (ppm) = 4.50 - 3.35 (m, 2 H, 3",6"-H), 4.14 / 3.97 (q, Jui. = 7.1 Hz, 2 H, CH;-CH,-), 2.94 - 2.50
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(Tl, J 11, 2 -Il, un \ul), 2.25-1.30 (ﬁ'i, 4 H, 4’,5'—11), 1.18/71.21 (t, -}Vic: 7.1 FIZ, 3 {L CJLI'3-CH2—;, 1.03/101
(d, Juez = 6.5 Hz, 3 H, CHy-).- *C-NMR (CDCls, 50.3 MHz): § (ppm) = 166.3 (s, C-1), 66.8 / 66.3 (d, C-3"),
60.7/ 61.6 (t, CHy-CHa-), 55.6 / 58.1 (d, C-6"), 51.0/ 50.7 (d, C-2"), 31.5 / 30.8 (t, C-5), 23.1 / 22.7 (1, C-4"),
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A mixture (1.45 g (6.38 mmol) of the triazolines 10a,b and the diazoamines 11a,b in toluene (20 ml) was heated

for 14 h to 90-100°C. The solvent was evaporated, the brown residue was purified by column chromatography
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MHz): § (ppm) = 8.34 (br, 1 H, 1-H), 4.34 (s, 1 H, CH-CO,Et), 3.98 (q, Jyic = 7.1 Hz, 2 H, CH;-CH,-), 3.85 -

3.83 (m, 1 H, 3-H), 3.39 - 3.32 (m, 1 H, 2-H), 2.74 (br, | H, OH), 2.61 - 2.44 (m, 1 H, 5-H,), 2.17 (dt, Jsosp =
7
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183-173(m. 2H 4H ) 119(d L.. =69Hz 3 H -CH,)

Hz, , 1. 3(m, 2H, 4-H,), 1.19 (d, e = 6.9 Hz, 3 H, -CH;),

1.15 (¢, Jui = 7.1 Hz, 3 H, CH,-CHy-).- *C NMR (CDCl;, 50.3 MHz): & (ppm) = 170.5 (s, C=0), 161.8 (s, C-
6). 80.5 (d, CH-CO,EY), 66.5 (d, C-3), 58.2 (t, CHy-CH;-), 50.7 (d, C-2), 27.2 (t, C-5), 23.9 (t, C-4), 17.3 (g,
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Ethyl (28, 35)-6-(3-tert.-Butyldimethylsilyloxy-2-methyl)piperidylidene Carboxylate (13)
To a solution of 12 (163 g 819 mmol) in DMF (20 ml) imidazole (1.61 g 2365 mmol), 4-

ARG oy 2.2 222

dimethylaminopyridine (1.12 g, 9.17 mmol) and fert.-butyldimethylsilyl chloride (1.38 g, 9.17 mmol) were
added. The mixture was stirred at room temperature for at least 4 d. The reaction was monitored by thin layer
chromatography. The solvent was evaporated, the residue was dissolved in water (100 ml) and extracted with
ether (3 x 100 ml). The combined organic layers were dried with sodium sulfate and the solvent was evaporated.
The residue was purified by column chromatography on silica gel with ether. About 10 % starting material was
recovered. Yield: 1.95 g (76 %), pale yellow crystals, Ry = 0.80 (Et,0), m.p.: 42°C.- 'H NMR (CDCl,, 200
MHz): & (ppm) = 8.52 (br, 1 H, 1-H), 4.35 (s, 1 H, CH-CO,Et), 4.05 (q, Juc = 7.1 Hz, 2 H, CH;-CH;-), 3.89 -
3.83 (m, 1 H, 3-H), 3.39 (qdd, Jome = 6.7 Hz, J,3=3.2 Hz, J = 1.2 Hz), 1 H, 2-H), 2.69 - 2.52 (m, 1 H, 5-H,),
2.14 (dt, Jsa 50 = 16.7 Hz, J4a5p = Japsn = 4.9 Hz, 1 H, 5-Hy), 1.85 - 1.65 (m, 2 H, 4-H,3), 1.22 (¢, J\;c= 7.1 Hz, 3
H, CH;-CH,-), 1.16 (d, Jane = 6.7 Hz, 3 H, -CH3), 0.87 (s, 9 H, (CH3);CSi-), 0.04 (s, (CH3),Si-).- "C NMR

£A A moaTT

(CDCl3, 50.3 MHz): & (ppm) = 170.7 (s, C=0), 161.9 (s, C-6), 79.6 (d, CH-CO,Et), 67.3 (d, C-3), 58.1 (t
-), 2

CH;-CH;-), 51.6 (d, C-2), 27.6 (t, C-5), 25.8 (g, 3 C, (CH;);CSi-), 242 (t, C-4), 18.2 (q, CHs-), 18.1 (s,
(CH3)3CSi-), 14.7 (g, CH3-CH;3-), -4.6 (g, (CHs),Si-), -4.9 (q, (CH3),Si-).- IR (KBr): v (cm™') = 3280 (N-H),
2960, 2930, 2895, 2860 (C-H), 1645 (C=0), 1605 (C=C), 1245, 1090.- {a]¥ = -12.5 (¢ = 1.2, CHCh).-
C16H31NO3Si, (313.50): caled. C 61.30, H9.96, N 4.47, found C 61.03, H 10.10, N 4.39

- oy

Ethyi (2°S, 38, 6°8)-6"-(3 -fert.-Butyidimethyisilyloxy-Z -methyi)piperidyi Acetate (i4)
A solution of 13 (1.41 g, 4.50 mmol) in ethanol (50 ml) was hydrogenated with 100 mg Pd / C under 60 atm
pressure for 36 h at 40°C. The catalyst was separated by filtration and the filtrate was evaporated. The residue

was recrystallised from ethanol with ether and pentane. Yield: 1.42 g (99 %), colourless crystals, m.p.. 193-
195°C (decomposmon) 'H NMR (CD;0D, 200 MHz): & (ppm) = 4.35 (q, Juic = 7.1 Hz, 2 H, CH;-CH>-), 3.97

4 (m, 1H,3-H) 3.40-3.25(m, | H, 6"-H), 3.12 (qd, Jome = 6.6 Hz, Jo.3- = 1.4 Hz, 1 H, 2'-H), 2.76 -
271 {(m, 2 H, 2-H),208-1.72(m, 4 1,4 5-H), 144 (t, J,io= 7.1 Hz, 3 H, CH5-CHy-), 132 (4, J3 e = 6.6
Hz, 3 H, -CH), 1.13 (s, 9 H, (CH3),CSi-), 0.29 (s, (CH3),Si-).- ’C NMR (CD;0D, 50.3 MHz): & (ppm) =
172.7 (s, C=0), 68.7 (d, C-3"), 61.8 (t, CH3-CH,-), 57.0 (d, C-2°), 54.6 (d, C-6'), 40.4 (t, C-2), 32.6 (t, C-5'),
26.4 ’q, 3C, (CHs)s Sﬁ}, 252 (t, C-4°), 19.0 ( CH—} CSi-), 185 (q, CH3-), 14.6 (g, CH;-CH;-), -4.4 (q,
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(C=0), 1460, 1245, 1030.- [l = +5.2 (¢ = 1.1, EtOH).- C6H33NO;S1 (315.51).- A sample of 14 was stirred
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0
analysis. CsH34NO;CISi, (351.97): caled. C 54.59, H9.73, N 3.98, found C 54.03, H9.22 N 4.09.
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Methyl (2°S, 3°S, 6°S)-2"-(3"-Hydroxy-2"-methyl)piperidyl Acetate Hydrochloride (1)

A solution of 14 (840 mg, 2.66 mmol) in methanolic hydrogen chloride was heated at 65°C for 1 h under reflux.
The solvent was evaporated, the brown residue was taken up in methanol and stirred with a small amount of
charcoal for 30 min at room temperature. After filtration and evaporation of the solvent the residue was
recrystallised from methanol with dichloromethane. Yield: 520 mg (87 %), pale crystals, m.p.: 206°C.- '"H NMR
(CD;0D, 200 MHz): & (ppm) = 3.91 - 3.86 (m, 1 H, 3'-H), 3.75 (s, 3 H, CH;0-), 3.64 - 3.48 (m, 1 H, 6'-H),
3.41-3.30 (m, 1 H, 2"-H), 2.85 (dd, Jzg2 = 16.7 Hz, Jz,6- = 5.4 Hz, 1 H, 2-H,), 2.70 (dd, Jza25 = 16.7 Hz, Jap ¢
= 7.6 Hz, | H, 2-Hy), 2.03 - 1.77 (m, 4 H, 4",5"-H, ), 1.36 (d, J;- mc = 6.6 Hz, 3 H, -CH;).- >C NMR (CD;0D,
50.3 MHz): § (ppm) = 171.7 (s, C=0), 65.5 (d, C-37), 57.9 (d, C-6"), 55.0 (d, C-2"), 52.7 (q, CH;0-), 38.2 (1,
C-2), 30.8 (1, C-4'), 23.6 (t, C-5), 16.0 (q, CHs-).- IR (KBr): v (cm™) = 3430 - 3280 (O-H), 2950, 2910 (C-H),
2820 (NH,'), 1730 (C=0), 1215, 1000.- [@]® = +6.3 (¢ = 0.6, EtOH).- CsH,gNO;Cl, (223.69): calcd. C 48.33,
H8.11, N 6.26, found C 48.47, H7.96, N 6.29.

Methyl (2°S, 5°S, 8'S)-2"(8 -methyl-6"-0xa-7"-1"-azabicyclo|3.2.1]Joctanoyl) Acetate (15)

To a suspension of powdered 1 (630 mg, 2.82 mmol) in THF (40 ml) DABCO (1.10 g, 9.87 mmol) was added.
The mixture was stirred for several hours, uniil it became a clear solution with a fine colourless precipitate of
insoluble ammonium salts. Di-fert.-butyl-dicarbonate (1.84 g, 8.46 mmol) was added and slight gas evolution
started immediately and went on for several hours. The mixture was allowed to stir for 14 h, then a 2 M solution

AT amdiim ahlar al) < : ; ;
of sodium chloride (50 ml) was added. The mixture was extract d twice with ether

_—~
s
wr

organic layers were dried with sodium sulfate. The solvent was evaporated, the residue was purified by column
chromatography on silica gel with ether. Yield: 409 mg (68 %), colourless crystals, Ry = 0.40 (ether),

eeor _ lx aovm (CDCl;, 200 and 250 MHz):
0a \/. AV SRS AV I

TR INIVEIN (AU, LUV an

v
g
"O
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CH,0-), 3.63 - 3.49 (m, 1 H, 2°-H), 3.14 (q, Jg-me = 6.7 Hz, 1 H,S’-H), 85 (dd, Jzaze = 16.3 Hz, Jpz = 7.0
Hz, | H, 2-H,), 2.38 (dd, Jpa25 = 16.3 Hz, Jppp = 7.1 Hz, 1 H, 2-Hy), 2.10 - 1.41 (m, 4 H, 3',4"-H,,), 1.14 (d,
Jene=6.7Hz, 3 H, CH;-). - C NMR (CDCly, 50.3 5

H CH; VIR (L1 05,

(ppm) = 171.4 (s, C-1), 165.7 (s, C-7"),

0.5 (d, C-57), 64.0 (d, C-8"), 58.7 (d, C-2"), 51.7 (q, CH30-), 38.8 (1, C-2), 27.6 (1, C-3"), 25.2 (1, C4), 175
g, CHs-).- MS (70 eV, EI). m/z (%) = 213.2 (12.1) [M'], 182.1 (17.5) [M'-OCH;}, 169.2 (47.1) [M *-CO,],
154.1 (46.0) IM'-C,H;0,], 128.1 (33.7), 110.2 (51.1), 96.2 (79.4), 95.2 (36.9), 86.1 (35.0), 69.1 (80.6), 68.1

~n

(62.6), 55.1 (50.3), 41.0 (100).- IR (KBr): v (cm )" 3020, 2940, 2860 (C-H), 1765
1195.- [oz]f,0 = 8 (¢ = 0.7, CHCl3) .- C1oH;sNOy, (213.23): caled. C 56.33, H 7.09, N 6.57, found C 56.15,
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(29, 55, 85)-2 (2'-Hydroxyethyl)—8-methyl—6-oxa—l-azabicyclol3.2.l|octan—7—one (16)
To a solution (-30°C) of 15 244 mg (1.14 mmol) in THF (10 ml) diisobutylaluminum hydride (3.4 ml, 1 M

=4
el Ml AR AN cin an additianal ameint oF 06 sl VRAT LI
fully. After 20 min an adaitiona amount of V.6 mu Ui 50U

solution in hexane) was added ¢
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added and the mixture was allowed to stir for 4 h at -20°C. Remaining hydride was quenched by the addition of
a saturated solution of ammonium chloride (10 ml). The mixture was allowed to reach room temperature and 0.5
M hydrochloric acid (20 ml) and dichloromethane (200 ml) were added. The organic layer was separated and
dried with sodium suifate. After evaporation of the soivent the residue was purified by column chromatography
on silica gel with ethyl acetate. Yield: 110 mg (52 %), colourless crystals, Ry = 0.32 (EtOAc), m.p.: 33-34°C -
'H NMR (CDCls, 200 MHz): & (ppm) = 4.41 (d, J5 4, = 4.0 Hz, 1 H, 5-H), 3.93 - 3.72 (m, 2 H, 2"-H,;), 3.38 -

3.23(m, i H, 2-H), 3.14 (q, Jgme = 6.7 Hz, 1 H, 8-H), 2.64 (br, i H, OH), 2.14 - 1.88 (m, 2 H, 1'-H,p), 1.84 -
1.40 (m, 4 H, 3,4-H, ), 1.19 (d, Jgme = 6.7 Hz, 3 H, CH;-).- BC NMR (CDCl,, 50.3 MHz): & (ppm) = 165.5 (s,
C-7), 80.7 (d, C-5), 63.9 (d, C-8), 61.3 (d, C-2), 60.3 (t, C-2"),35.6 (t, C-1"), 27.8 (1, C-3"), 25.9 (1, C-4"), 17.5

(q, CHs-).- IR (KBr): v (cm™) = 3550 - 3280 (O-H), 2930, 2860 (C-H), 1760 (C=0), 1445, 1095 - [ot]® = +

109.8 (¢ = 0.4, CHCl3).- CsH;sNOs, (185.21): caled. C 58.36, H 8.16, N 7.56, found C 57.97, H 8.24, N 7.11.

cm Y mrAY STEN mrient

(2°5,5°S, 8°8)-2'(8 -methyi-6"-oxa-1"-azabicycio|3.2.1joctan-7 -oyi)eihanai (i7)
To a solution (-50°C) of triflucroacetic anhydride (120 mg, 0.57 mmol) in dichloromethane (4 ml) a solution of
dry dimethyl sulfoxide (0.63 mmol) in dichloromethane (2 ml) was added within 2 min. The mixture was stirred

™ Y wag nddad Tha mivtira wag otirrad r nmnthar 20)
Mo ;) Was aGGea. 1 0 MIXWUre was SiifTea 101 anduier sv

min at -50°C and dry triethylamine (1 mI) was added. The reaction mixture was allowed to reach room
temperature within 30 min and was washed T ( . The organic layer was separated, the aqueous

)
ined oreanic lavers were dried with sodium sulfate.

%=y Iny% 1% SRR Al Al

one was extracted with dichloromethane (40

The soivent was evaporated and the residue was purified by column chromatography on silica gel with ethyl
acetate. Yield: 49 mg (59 %), colourless crystals, R¢ = 0.48 (EtOAc), m.p.: 36-38°C.- 'H NMR (CDCl, 200
MHz): 8 (ppm) = 9.82 (s, 1 H, 1-H), 443 (d, Js-4o = 4.1 Hz, 1 H, 5-H), 3.73 - 3.58 (m, 1 H, 2"-H), 3.18 (g,
Jeme=6.7Hz, 1 H, 8'-H), 3.09 (dd, J2s20 = 17.8 Hz, J3» =

=65 Hz 1 H, 2-H,), 2.16 - 1.36 (m, 4 H, 3",4"-H, ), 1.20 (d, Jg ne = 6.7 Hz, 3
50.3 MHz): 8 (ppm) = 200.6 (d, C-1), 165.8 (s, C-7"), 80.7 (d, C-5°), 64.1 (d, C-8), 57.1 (d, C-2), 47.9 (t, C-

OD
-

\ T

2), 27.8 (1, C-3°), 25.7 (t, C-4"), 17.6 (q, CHy-).- IR

(C=0), 1445, 1355, 1315.- CoH,;303N, (183.20).

I\)

PRPE P
{neat): v (cm

(25, 58, 85)-2-Allyl-8-methyl-6-oxa-1-azabicyclo|3.2.1]octan-7-one (18)

To a suspension (-40°C) of methyltriphenylphosphonium bromide (116 mg, 0.325 mmol) in ether (15 mi) sodium
hexamethyldisilazide (0.32 ml, 1 M solution in THF) was added and the mixture was stirred for 1 h at -40°C. A
solution of 17 (36 mg, 0.196 mmol) in THF (2 ml) was added and stirring was continued for 30 min at -40°C
and 2 h at room temperature. The soivent was evaporaied, the residue was parily soived in ether. Insoluble
triphenylphosphine oxide was separated by suction. The filtrate was evaporated and the residue was purified by
column chromatography on silica gel with hexane / ether (2 : 1). Yield: 17 mg (48 %), colourless oil, R¢= 0.21
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(hexane / ether 2:1).- '"H NMR (CDCl;, 200 MHz): 5 (ppm) = 5.84 (dddd, Jyans = 17.2 Hz, J = 10.1 Hz, Jy05 =

2
78 Hz, Jiy = 6.1 Hz, 1 H, 2-H), 5.10 (“dq”, Jyuns = 17.1 Hz, Joe="T~ 1.6 Hz, 1 H, 3"-H,), 5.04 (“dm”, J ;s =

b2 > » AN -y ,., 18, Jgem A, 2 xag Ziajy VTR iy veis

e o~ wwn ~ T

10.1 Hz, i H, 3'-Hy), 4.40 (d, J1so5s =4.1 Hz, i H, 5-H), 3.17 - 3.02 (m, i H, 2-H), 3.10 (q, Jsm. = 6.7 Hz, 1 H,
, 2.65-2.50(m, 1 H, 1'-H,), 2.26 - 2.03 (m, 2 H, 1'-Hy, 4-H,), 1.91 - 1.54 (m, 3 H, 4-H,, 3-H,;), 1.21 (d,
Jeme = 6.7 Hz, CHy-) ’3(‘NMR((‘D(‘11 50.3 MHz): & (ppm) = 165.8 (s, C-7), 134.8 (d, C-2"), 117.0 (1, C-

W Wi 17,0 (% W= )5 1171V

A solution of 18 (17 mg, 93.8 pmol) in ethanol was hydrogenated with 10 mg Pd / C under 15 atm pressure for

18 h at room temperature. The catalyst was separated by filtration and the filtrate was evaporated. Yield: 13 mg

ecs il - T NMR (CD.OD 200 MEZ)
T V.~ 11 NMR \\ALAPTRS, LUV IVILLL ).

8-H), 3.14 - 3.02 (m, 1 H, 2-H), 1.93 - 1.13 (m, 8 H, 3,4-H,,, 1,2"-H), 1.07 (d, Jge = 6.7
Hz, 3 H, CH;-), 0.84 (t, J-3- = 7.1 Hz, 3 H, 3'-H). - *C NMR (CDCl, 50.3 7

MHz): & (ppm) = 165.3 (s, C-7),
QI QA .6\ K57 AANIDI A 98 1796+ C_1Y 277 271 (¢ C_2A X0Vt OO 1T &fn LY 149
0.7\ B, U=J ), U542, V.U & U, U-4,0), J7. L1, UL J, £0.7, i 1 & l, UTIT), &V.L \}, L& §, 17.0({, Lil3-), 174

A solution of 19 (13 mg, 70.9 pumol) in methanol (3 ml) and concentrated hydrochloric acid (1 ml) was stirred
for 18 h at room temperature, then it was heated to 45°C for 2 h. The solvent was evaporated, the
tallised from ethanol with ether. Yield: 13 mg (quantitative), m.p.: 129°C - 'H
NMR (CD;0D, 200 MHz): & (ppm) = 4.01 - 3.99 (m, 1 H, 3-H), 3.83 - 3.70 (m, 1 H, 2-H), 3.46 - 3.28 (m, 1 H,
38-231(m, 1 H, 1'-H,), 2.15-2.09 (m, 1 H, 1-Hy), 1.92 - 1.30 (m, 9 H, 2'-H, 4,5-H, CH;-), 1.17 (t,

3 H, 3-H)- Bo NMR (CDCL;, 50.3 MHz): & (ppm) =73.3 (d

wwwww V.2 aVad C PP LR

C-3), 58.2, 55,7 (2 d, C-2,6), 36.6
(t C-1°), 28.0 (t, C-4), 23.8 (t, C-5), 19.6 (t, C-2"), 15.5 (g, CHs-), 14.1 (g, C-3").- MS (70 eV, CI): m/z (%) =
175.1 (11.4) [M+NH,'-HCl], 172.1 (45.5), 157.1 (1.0) [M'-HCI], 154.2 (2.3), 140.1 (12.8) [CoHgN], 96.1

A. Betz, University of Wiirzburg, is thanked for preparation of starting materials. Special thanks to Prof. Dr.
Arthur G. Schultz and Miss Donghong A. Gao of the Rensselaer Politechnic Institute, NY for their help in

molecular modelling calculations.

Dedicated to Prof. Dr. H.-D. Stachel on the occasion of his 70th birthday
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