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Abstract. Nitrones 6 prepared from cster S underwent an intramolecular cycloaddition affording diastereomeric
mixtures of tricyclic compounds 7A/B. These were separated to give the enantiopure compounds 7A and 7B.
Starting from aminoalcohol 8 compounds 10A and 10B were formed via nitrones 9. Nitrone 9a yielded the trans-
product 10aC in addition. X-ray analyses confirm the structur¢ of 7aB and 10aA. Catalytic hydrogenation of

compounds 7A and 7B yielded the bicyclic y-aminoalcohols, which were tested as ligands in the enantioselective
addition of diethylzinc to benzaldehyde. © 1998 Eisevier Science Ltd. Ali rights reserved.

INTRODUCTION

The intramolecular cycloaddition of alkenyl nitrones is a powerful method in synthetic organic chemistry.

Bicyclic and polycyclic compounds accessible by this method can be easily converted to cyclic y-aminoalcohols

by reductive cleavage of the NO-bond.! In particular, C-5-hexenylnitrones 1a
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If the 5-hexenyl nitrone is partly integrated in a ring system tricyclic or even hxgher polycyclic compounds
can be yTllnéSiZéd b‘y their intramolecular cycioaddition. In 1965 LeBel reported the synthesis of a 2-oxa-3-

azatricycio[5.3.1. o* jundecane utilizing this metho d.? Some other similar tncychc compounds were
synthesized in the meantime.?

The intramolecular cycloaddition of nitrones of the 5-hexenyl type in which the C-atom in 3-position is
replaced by a heteroatom (1b,c) was studied by various groups.® We synthesized enantiopure 3,7-dioxa-2-
azabicyclo[3.3.0]octanes 4a and 3-oxa-2,7-diazabicyclo[3.3.0]Joctanes 4b by intramolecular cycloaddition via
the corresponding nitrones 3 starting from enantiopure natural products. In this way, formation of bicyclic
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compounds with at least three contiguous stereogenic centers occurred (Scheme 1).” Such compounds revealed
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enantioselective catalytic reactions, in particular those which bear an B-hydroxyalkyl group at the nitrogen
atom.™ '

RESULTS AND DISCUSSION

In continuation of these studies, we attempted to prepare enantiooure tricyclic compounds 7 and 10

Scheme 2, '«I\ hv intramolecular cvc]na ddition of correspondin ng nitrones Fnr this son we qvnthg zed the
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ester 5 as a diastereomeric mixture from (S)-ethyl lactate and racemic 3-bromocyclohexene in the presence of
silver-i-oxide. Reduction with diisobutyl aluminium hydride (DIBAL-H) to the corresponding aidehyde
followed by treatment with N-alkyihydroxylamines afforded the nitrones 6 which underwent an intramolecular
cycloaddition either spontaneously or by refluxing in toluene. The tricyclic compounds were formed as a

mixture of two diastereomers 7A and 7B (Scheme 2) which could be separated by column chromatography.
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3

the corresponding aldehyde, which afforded nitrones 9 upon treatment with N-
methyl or N-tert-butylhydroxylamine, respectively. Spontaneous intramolecuiar cycloaddition of 9 yielded
diastereomeric mixtures of compounds 10 which were separated by column chromatography (Scheme 3).

The tricyclic compounds 7 and 10 were shown to be optically active. Since the formation of the
corresponding bicyclic products under the same reaction conditions proceeded without racemization,® it was
assumed that this is also true for the formation of compounds 7 and 10. To confirm this assumption compound
7TcA was treated with enantiopure (S)-(+)-O-acetylmandelic acid in the presence of N.N'-dicyclohexyl

carbodiimide and 4-d1methv|am 1opvridi
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addition to the two stereogenic centers originating from the starting compounds, in the tricyclic
ds 7 and 10 three new stereogenic centers were formed by the intramolecular cycloaddition of the

e 1By wULAL

ounds 7R and 10R the hvdrog ge
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and C-11 are all cis-orientated whereas in compounds 7A and 10A th1 only true for the
protons at (;-l, C-4, C-7 and C-11. In the iatter case the proton 5-H is in frans-position with respect to 4-H.
Finally, in compound 10aC the 4-H is in trans-position to 5-H as well as to 11-H.

In any case the asymmetric induction by the intramolecular cycloaddition is primarily controlled by the
stereogenic center at the 3-position of the cyclohexene ring. It is obvious that the approach of the nitrone group

to the cyclohexene double bond can only occur from the face at which the heteroatom is attached to the ring



3184 H. G. Aurich et al. / Tetrahedron 54 (1998) 3181-3196

(Figure 1). An attack from the opposite face would be impossible due to severe strain in the transition state and
ha mradicat Mlhave See ol sl e o " Aol 1 e o LI i 1 TT 11 Y¥ __ 1~ TY __
tne proguct. Thus, in ali the products 7 and 19 the hydrogen atoms 1-H, 11-H and 7-H are cis-configurated.

Y]

On the other hand, the Re-face of the Z-configurated nitrone group is the favored face for its approach to
the alkene moiety due to less destabilization by 1,3-interaction between the nitrone oxygen atom and the
hydrogen atom (Figure 1A) as compared to the larger destabilization by the interaction between oxygen atom
and methyl group in the case of an approach from the Si-face (Figure 1B).”*

Thus, both stereogenic centers of nitrones 6A and 9A (S-configuration at C-3 of the cyclohexene ring)
favor the formation of diastereomers A (Figure 1A). In contrast, the reaction pathway from nitrones 6B and 9B

(R-configuration at C-3 of the cyclohexene ring) to the tricyclic compounds 7B and 10R, respectively, suffers
from the stronger destabilizing effect of the Z-configurated nitrone moiety caused by the 1,3-interaction

between the oxygen atom and the methyl group (Figure 1B).”® Obviously, formation of the compound 10aC
becomes an appropriate alternative in the latter case. This compound must be formed from the E-configurated
nitrone 9aC (Figure 1C).in which the 1,3-interaction between the N-methyl group and the hydrogen atom at the
quasi-allylic position minimizes the destabilization,
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Fig. i Schematic presentation f the cyciohexene moiety approachi% to the nitrone group:
(A) Re-face of the Z nitrone, (B) Si-face of the Z nitrone, (C) Re-face of the F nitrone

coupling constants *J for vicinal protons are caicuiated which agree weil with the coupiing constants
experimentally found, although the Karplus equation was developed for pure carbon compounds.”’ Thus, it can
be concluded that the conformations of the molecules in solution resemble those in the solid state.
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Figure 2. Molecular plot of (15,4S,5S,7R,11R)-(+)-3,5-dimethyl-2,6-dioxa-3-azatricyclo[5.3.1.0“'")-

06 105.3(2), C5-06-C7 105.7(2), 06-C7-C11 105.5(2), C7-C11-C1 115.7(2), C7-C11-C4 103.9(2).

Figure 3. Molecular plot of (1R,4R,5S,7S,11R)-(+)-6-benzyl-3,5-dimethyl-2-oxa-3,6-diazatricyclo-

107.1(2), C4-C5-N6 103.4(2), C5-N6-C7 106.6(2), N6-C7-C11 102.5(2), C7-C11-C1 115.7(2), C7-C11-C4

105.0(2).
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Table 1. Selected Torsional Angles of Compounds 7aB and 10aA [°] and Comparison of 'H NMR
Coupling Constants T (Hz) with Theoretical Values Calculated from the Torsional Angles
Torsionai Angies @ 7aB 10aA
ro1 3r a) 3r rov 3y a)
L] Jeated  J () Jealed ~ Jfound
H1-C1-C11-H11 26.6 6.5 65 -231 69 5.9
H4-C4-C5-HS 282 62 54 1027 02 <1

H4-C4-C11-H11 -08 82 76 -35 82 79
H7-C7-C11-H11  -252 67 63 303 6.1 7.2

» Calculated with the aid of the Karplus equation: 3J = 8.5-cos’p-0.28 for 0°-90° and *J = 9.5-cos’p-0.28
for 90°-180°,

The selected NMR data given in Tables 2/3 confirm the assignment of structure A or structure B to the

_H == — —

various tricyclic compounds 7 and 16. The most striking differences between these two types of diastereomers
fi sJ e

are found for the chemical shifts for protons 5-H and 7-H, as well as for the coupling constant

4/5. The data
of the third diastereomer of compound 10a, however, deviate clearly from those of diastereomers 10A as well

as from those of diastereomers 10B. In particular, this is true for the large coupling constant *J 4/11 = 11.7 Hz,

Table 2. Selected NMR Data of Compounds 7 (in CDCl;). Chemical Shifts 8 (in ppm), Coupling
Constants *J (in Hz)”

Compound 7aA 7bA TeA 7aB 768 7cB
§ 1-H 433 426 425 4.31 4.19 4.14
4-H 3.40 3.68 3.70 3.44 3.82 3.84
5-H 426 4.15 4.15 3.73 3.70 3.67
7-H 4.15 4.19 4.16 3.77 3.75 3.73
11-H 2.99 3.00 2.99 2.91 291 2.90
CHy(5) 1.18 1.11 1.15 1.34 1.33 1.29
8§ C-1 70.9" 76.7 76.8 70.8 76.2 76.4
C-4 81.3 73.1 72.7 77.8 68.2 67.9
C-5 80.7% 81.7 81.7 74.3% 78.5 78.2
C-7 72.9 73.3 73.0 76.6” 74.4 74.2
C-11 46.4 48.9 48.7 48.2 50.1 50.1
CHy(5) 193 18.4 18.1 15.1 15.5 15.4
7 1-H/11-H 7.1 7.5 7.4 6.5 7.1 6.8
4-H/5-H <1 3.0 2.4 5.4 4.8 4.7
4-H/11-H 7.1 8.0 8.3 7.6 7.9 79
7-H/11-H 7.1 7.4 7.1 6.3 6.1 6.4
» Additional chemical shifts and coupling constants see Experimental Part * An opposite assignment of

the two numbers is pOSSlDl
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H/11-H indicating the frans-position of the protons 4-H and 11-H. Based on these data structure 10aC was
assigned to this diastereomer. The good agreement of the data for compounds 7A as well as 10A on one hand,
and for compounds 7B as well as 10B on the other hand, indicates that the conformation within these two
groups of diastereomers is very similar. Thus, the conformation of the molecules of group A is reflected by the

crystal structure of 10aA (Figure 3), that of group B by the crystal structure of 7aB (Figure 2), respectively.

Table 3. Selected NMR Data of Compounds 10 (in CDClz). Chemical Shifts § (in ppm)
Constants *J (in Hz)"

Compound  i0aA i0bA idaB i0bB i0aC
5 1-H 4.41 4.25 430 4.15 4.08
4-H 3.13 3.46 3.16 3.64 3.07
5-H 3.35 3.14 2.40 2.40 2.95
7-H 2.94 2.90 2.43 2.42 2.88
11-H 3.02 2.90 2.75 2.75 3.21
CH;(5)  0.86 0.92 1.12 1.20 1.26
CHPh 329 341 3.54 3.68 3.69
CH,Ph _ 3.87 3.85 3.62 3.74 4.00
8 C-l 71.5 77.2 71.2 76.2 73.5
C-4 78.0 71.0 74.8 65.9 76.4
C-5 61.4 63.0 63.8 63.7 60.3
C-7 55.4 56.6 60.4 59.6 57.7
C-11 46.4 49.0 46.6 48.2 55.9
CHy(5) 111 12.4 152 15.5 18.4
CHPh __ 50.2 51.0 54.6 53.8 58.1
7 1-H/11-H 59 nd 6.2 7.1 7.9
4H/5-H <1 22 8.0 5.6 8.9
4-H/11-H 79 8.2 7.6 7.7 11.7
7-H/11-H 7.2 nd 7.7 7.8 8.0

 Additional chemical shifts and coupling constants see Experimental Part

Most of the corresponding bicyclic compounds 4 adopt a pseudo-chair conformation I (Figure 4) with the

O-atom of the isoxazolidine ring anfi and the heteroatom X syn to the hvdmgen atoms at the brigdehead

for L az 1 ng anga 1l eteroat
nnoitinne 1 and § ODhuinncly thie annfarmatinn henafite fram the favarahle muraciceanatnrial nncitinn nf the
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SUupDSulucCnL I dl U-0 as Wil as 1TOIII LG paudiiC alTdlglHICHL UL Ui HCC CICULIOI pPdlld UL UIC 1¥=atVILH alid e

O-atom of the isoxazolidine moiety.”™ In contrast, compounds substituted at 4a or S-position exist in an
inverted pseudo-chair conformation II with the heteroatom X in amti-position to the hydrogen atoms at the
bridgehead positions.' In none of the bicyclic compounds 4 conformation III or IV could be observed in which
the heteroatoms O-3 and X-7 protrude in the same direction from the respective plane.
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Figure 4: Possibl chair coniormations of compounds 4a (X=0) and 4b (X=NR3), Rl and R2 = alkyl

These conformations would suffer, in particular, from destabilization by unfavorable effects such as

trans-annular interaction between the protons 4B-H and 6B-H and the almost syn-periplanar arrangement of

______ Ao LTIE LT ... \ & g7 Linl scn awaldad ~e malelociead fn anafeoaas o

protons 4a-H/5-H and 5-H/6a-H, respectively, which are avoided or minimized in conformations I or II. The
wr
A,

pseudo-boat conformation Il wouid be additionaily destabilized by electron-pair repuision between O and
whereas in conformation IV an unfavorable 1,3-syn interaction between substitutents R' and R* would appear.
In the tricyclic compounds 7A and B as well as 10A and B, however, the heteroatom-substituted
bicyclo[3.3.0]octane moiety adopts a pseudo-boat conformation with O-2 and X-6 anti to the hydrogen atoms
at the brigdehead positions 4 and 11 (Figures 2 and 3). Thus, the fused cyclohexane part of the molecule can
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conformation almost free of strain, whereas in conformations derived from bicycl
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annular interaction between 4B-H and 6B-H in conformation III of bicyclic compound
since these atoms are substituted by the (CHz)s unit of the six-membered ring. These effects see
compensate the enhanced electron-pair repulsion of the heteroatoms O and X.

Catalytic  hydrogenation of the compounds 7a,b afforded the 9-amino-8-methyl-7-
oxabicyclo[4.3.0]nonan-2-ols 11a,b in 83-93% yield. The N-methyl compound 11aA could be converted to the
N.N-dimethvl cempgund 12aA bv treatment with methyl iodide, whereas methylation of the N-tert butyl

Lt et b vilLilelo LIl edivil vl o

3
3

- A _

The bicyclic compounds 1iA, iiB and 12aA were tesied as ligands in the enantioselective reaction
between benzaldehyde and diethylzinc. Although with the y-aminoalcohols 11aA and 11aB only moderate
enantioselectivities were found (ee = 64% (R), and 63% (S), respectively), they exceed those of the (-
aminoalcohols 7cA and 7¢B (ee = 46% (R) and 45% (S), respectively).* Surprisingly, with the sterically more
hindered N-tert-butyl compounds 11b the enantiomeric excess is not only dramatically diminished but the other
enantiomer is preferably formed (11bA: ee = 42% (S); 11bB: ee = 10% (R)). The same effect is observed by

RilRaaraNSRIINE 3 | P J 223 O
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EXPERIMENTAL PART

Elemental analyses were performed by the division Routine-Analytik, Fachbereich Chemie, University of
Marburg. Spectra were recorded with following instruments: NMR: Bruker AMX 500 and Bruker AC 300
using the residues of 'H (8 = 7.24) or of '>)C (6 = 77.0 ppm) of the solvent CDCl; as internal standard. As far
as not stated otherwise 'H NMR spectra were recorded at 300 MHz, the *C-NMR spectra at 75 MHz. - MS:
Varian CH 7 (EI) and 711 (FD). - IR: Beckman IR 33 and Bruker IFS 88-FT-IR. Optical rotations:
Polarimeter Perkin Elmer 241, at 589 nm.- X-ray: 4-circle diffractometer (Enraf-Nonius CAD4).

Erhyl (28, 3'R/S)-2-(cyclohexen-3'-yloxy)propionate (5): rac-3-Bromocyclohexene (15.7 g, 99 mmol) was
added to a solution of ethyl (S)-(-)-lactate (7.8 g, 66 mmol) in diethyl ether (100 mL) under nitrogen with
exclusion of light. The reaction mixture was refluxed. Anhydrous silver-(I)-oxide (20 g, 86 mmol) was added
during 10 min. Refluxing was continued for 2 h. Then the reaction mixture was stirred for 20 h at room
temperature. After filtration the solid residue was thoroughly washed with diethyl ether. The combined ether
solutions were washed with water (10 x 50 mL) and dried with MgSO.. After removal of the solvent the crude
product was purified by column chromatography (SiO;, petroleum ether/Et,O S:1, R¢ = 0.44). Fade-yellow
liquid, 20% yield (2.61 g). - C1H1sO5 (198.3) Caled. C 66.38 H 9.15 Found C 66.49 H 9.16. - MS (EI): m/z
(%) = 198 (10) [M']. - IR (neat): 1749 cm ™. - '"H NMR & = 1.21 (t, ’J = 7.2 Hz, 3 H, OCH,CH3), 1.34 (d,°J =
6.9 Hz, 3 H, CHCH,), 1.40-2.10 (m, 6 H, cyclohexenyl-H), 3.84 (m, 1 H, 3'-cyclohexenyl-H), 4.05 (qd, )=
6.9, *T= 1.2 Hz, 1 H, 2-H), 4.13 (m, 2H, CH,-CH,), 5.74 (m, 2 H, 1'- and 2'-cyclohexenyl-H). - "C NMR: & =
14.0 (CHCH3), 19.1 (C-3), 24.9, 27.8, 29.3 (cyclohexenyl-C) 60.5 (OCHy), 72.3, 72.8 (C-2 and C-3'), 126.8
(C-29, 130.9 (C-1%, 173.1 (C=0).
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28, 3'RS)-2-[N-Benzyl-(cyclohexen-3-yl)amino]-propan-1-ol (8). A solution of (S)-2-benzylamino-

i ’ 4 L Cd \TST d i B A v \~7 7
nranan_1._nl (1 A8 N mmal} and rnﬁ='1= romnrurinhavens in diathyl athar /80 mT ) was ctirrad at ranm
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1

. Subsequently, the solution was extracted with 2 N-HCI (50 mL). The aqueous layer was
brought to pH 8 by addition of Na;CO; and extracted with diethyl ether (3 x 100 mL). After the combined
organic solutions had been dried with MgSO, the solvent was removed affording 8 as a colourless oil in 26%
yield. (0.64 g). - C,¢Hz;sNO (245.2) Caled. C 78.41 H 9.38 N 5.71 Found C 78.38 H 9.40 N 5.80.- MS (EI):
m/z (%) = 245 (11) [M']- PC NMR = 12.8/14.8 (CHz), 21.7, 22.2, 25.0, 25.1, 25.4, 29.6 (cyclohexenyl-C),
48.0/49.6 (3'-cyclohexenyl-C) 52.7/53.1 (CH,C¢Hs), 54.1/54.8 (C-2), 61.1 (C-1), 129.2, 130.2, 130.3, 132.3
(CH=CHs,), 140.1/140.6 (Ar-C). The other Ar-C could not be identified.

General  procedure  for  the preparation of the N-Alkyl  5-methyl-2,6-dioxa-3-
mertriovondnal§ 2 1 0 L donmmne T A anhitinm of ditenbhidol ahimiaim hodeida MMTR AT in havaone 718 T 1
. 174 lb)'blul eodo IV Jureciunics /1, 0 OUIULIVLL UL uuauuut_yl AlUIHINUILLL UYULIUC (L1 AL l} 11 1CXallIC \1.) I, 1

Y 1 a 71 n n o Ya T % el Ial

mol/L) was added to a solution of compound 5 (10 mmoi) in diethyl ether (30 mL) at -72°C under argon
during 30 min. Subsequently the reaction mixture was stirred for 2 h at -72°C. After addition of methano! (0.2
mL) the temperature was brought to 0°C, followed by addition of water (1.5 mL). Aluminium oxide gave a
white gelatinous precipitate after approximately 10 min. Then a solution of the N-alkyl hydroxylamine (11
mmol), prepared from the hydrochloride and triethylamine (1.5 mL) in 30 mL of dichloromethane was added at
0°C. After addition of molecular sieves (5 g, 4 A) stirring was continued for 24 h at room temperature. The
reaction mixture was filtered through a filter that contained some MgSO,. The solid was washed thoroughly

with die hvl ether. The filtrate was concentrated at a

otavapor, the rests of the solvent were removed in

|38 L]

vacuum,
Separation of the diastereomers 7a was performed by column chromatography (SiO,, Et;0).

(IR, 4R,58,75,115)~(-)-3,5-Dimethyl-2,6-dioxa-3-azatricyclo[5.3.1.0*" Jundecane (7aA): Ry = 0.36,
colourless crystals, 25 % yield, mp 43° C (Et;0). [a]¥ = -23.2 (¢ = 0.0024 g/mL, EtOH).- CiH;sNO;
(183.2) Calcd C 65.54 H 9.35 N 7.64 Found C 66.02 H 9.77 N 7.37. - MS(FD): m/z (%) = 183 (100) [M'] -
IR (KBr): 2964, 2935, 1457, 1440, 1295 cm™. - "H NMR (500 MHz): see Table 2. Additional signals: § 1.30

(m, ] =14.0,°T =35,35,3.5,3.5Hz, | H, 9-H,); 1.47 (m, T = 14.0, °J = 14.0, 3.5, 3.5 Hz, 1 H, 8-H,,);
1.61(m, 7=14.0,°J=14.0,40,40Hz, 1 H, 10-H,); 1. 72 (m, 1 = 16.0,°J = 14,0, 14.0,3.5,35Hz, 1 H, 9-
H.J), 2.00 (d, 7T = 145 Hz, 1 H, 8-H.); 2.00 (d, 14.5 Hz, 1 H, 10-H,); 2.66 (s, 3 H, N-CH;). Additional
coupling constants: °J = 7/8., = 3.5, 7/8, = 3.5, 5/CH; = 6.6 Hz. ®C NMR: see Table 2. Additional signals: &
=13.1(C-9), 193 ((5)-01{3), 25.4 (C-10), 28.0 (C-8), 44.9 (NCH3).

(1S,45,58,7R, 1 1R)-(+)-3,5-Dimethyl-2,6-dioxa-3-azatricyclof5.3.1.0*"' ]undecane (7aB): Ry = 0.76,
colourless crystals, 27 % yield, mp 72° C (Et20). [a]¥ = +54.5 (c = 0.0018 g/mL, EtOH).- CiH;sNO;
(183.2) Calcd C 65.54 H 9.35 N 7.64 Found C 65.93 H 9.70 N 7.48. - MS(FD): m/z (%) = 183 (100) [M'] -
IR (KBr): 2988, 2944, 2923, 2770, 1264, 1119 em™. - 1H NMR (500 MHz): see Table 2. Additional signals: &

124 (m, 7 =13.1, 31 =34 34 34 38Hz 1 OH V147(m 2T=145 31=134 14 372 Hz 1 2.
| S P4 g \lll, 7 LI o _', -, —', J-_Y, o7 7 ‘l‘l, i lL: rd JW’ 1.7V \lll’ v 17V 7y v Ll T, UV, T 224y 2 2a, U
r'r\.'|(1l...21',_1,1:31-1’}’1‘)0‘)01‘]’..1U TALIT V1 7L fm 2T =121 372177 124 217 29 10, 1
Hy), 1.61 (iIm, "J = 14.5,J=13.7, 3.6, 3.0 F1Z, 1 I, 1U-Tay), 1./70{M, J =131, J = 1J3.7/, 13.4,5.24,3.2 1%, 1
vy A~ TE N 4 o 2v _ 1 a3y _ A a4 AN~ AnTT 1YY O YT N\, AN s 2y _1a 37y _ a4 Aan A 1TIT 1+ TY AN
H, 9-H,), 1.99(m, “J=145°7=3.4,3.2,2.8 Hz, 1 H, 8-H,); 2.07(m, J=14.5°7=3.4,3.2,2.1 Hz, 1 H, 10-
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H); 2.64 (s, 3 H, N-CH3). Additional coupling constants: 3] =5/CH; = 1/105=2.1, 1/10,, = 3.8, 7/8 =
2.8, 7/8,, = 3.2 Hz. ®C NMR: see Table 2. Addi ..vnal signals: § = 13.3 (C-9), 25.6,27.7 (C-8, C-10), 45.6 (N-
CHa,)

The reaction of the tricyclic diastereomers 7b contains a considerable amount of nitrone 6b (°C NMR
signais: & = 27.9 (C(CHa)s), 69.4 (C(CHa)s), 127.9 and 131.3 (C=C), 137.8 (N=CH). The cycioaddition was

completed by refluxing the mixture in toluene for 2 h.
Separation of the diastereomers 7b was performed by column chromatography (SiO,, Et,O/petroleum
ether 1:1).

(IR, 4R,58,78,118)-(+)-3-tert-Butyl-5-methyl-2, 6-dioxa-3-azatricyclof5.3.1.0*" Jundecane (7TbA): R

0.55. vellow ml 20% \neld [al?2? = 4254 (c = 0.0041 /_mT EtOH).- CisHxNQ, (225.3) Caled C 69.2/ H
s J¥ S LD \~ s )= LN gy Lalca ©

1020 N A& 29 Frnnd C A0 N9 INTWE N AN - MSUET: mir (0 = 25 () AT _ TR (maat): 204 Q1%

AV a7 AN NV v VN U7 Ve A1 1IN . JVU AN T . av lvlu\hll. 13V L \Iu} et ot T \Jb} lel J FEAN \ll\lalj. LIUU’ AIJJ’

NLA 1ACD 1710 ..__—1 11T AT AT 7€NN RATT . e ToL1. A 3300 1 2 1. R — 1 NA . OLT

2762, 1453, i2i9 cm . - 'H NMR (500 MHiz): see Taoie 2. Aaaitional signais: 6 = 1.04 (s, 9 n,

=13.2, 7 =16.5, 12.6, 3.3, 33HZ,1H,9-H.,(),200(d g = 12.7Hz, 1 H, S-H.,q) 2.00(d,‘] = 12.7HZ, 1

, 10-H,y). - Additional coupling constants *J S/CH; = 6.6, 1/10, = 1.8, 1/10, = 4.5, 7/8, = 3.9 Hz. °C
NMR. see Table 2. Additional signals: 8 = 13.9 (C-9), 26.8, 28.6 (C-8, C-10), 27.1 (C(CHs);), 59.4
(C(CHs)s).

(18,48,5S, 7R, 1 IR)-(-)-3-tert-Butyl-5-methyl-2, 6-dioxa-3-azatricyclof5.3.1.0*"! Jundecane (7bB): Ry =
0.78. vellow oil. 19% vield. 122 = 23,1 (¢ = 0.00225 g/mL. E+OH).- C.;H,:NO, (225.3) Caled C 6920 H
V.1, AL vy 1Ly L7 /U AN, l\hJD ha T o B \\J N o I\ dht i 7 Ellllu, l.dlr\ll‘l. M jIAALIANNTS ) \ﬁﬁ-/..ll N BAWNE N S e 44
TN OON EZENM Taind M L0 14 YT 1A N £ 129 NACQITIN: sn/e £O/\ — ANE 2O\ TAAM] TR frnaant)l- 2OQ7 0724
1U.LY IN 0.4 FOUTNG U OV 14 [1 1U.L4 IN D04, - IVIO\EL), TWWZ (/0] = 220 (J4) VL | - IN(HI€AL). 2572, 2554,
L Nelo ] 1A L Vela ] a1 -1 TY WTA FTY Vg sy Vo & gAY g oG WG | A 13 < 1 AN 7 N TT
1453, 1390, 1362, 1219 em™, - 'H N (500 MHz): see Table 2. Additional signais: & = 1.09 (s, 9 H,
C(CH3)3), 1.21 (m, >J =13.5,° =3.4,3.4,3.3,33 Hz, | H, 9-H,), 1.45 (m, 2 H, 8-H,,, 10-H,y), 1.76 (m, 1

H, 9-H,,), 2.02 (dd, 2J =14.6,°] = 1.9 Hz, 8-H), 2.09 (dd, ?J = 14.5Hz, ’J] =29 Hz, 1 H, 10-H,). -
Additional coupling constants *J 1/10,=2.9, 1/10,,=3.2, 7/8, = 1.8, 7/8,x = 3.0, 5/CHs = 6.2 Hz. *C NMR -
see Table 2. Additional signals: 8 = 13.1(C-9), 26.7, 27.8 (C-8, C-10), 27.3 (C(CHa)s), 59.4 (C(CHs)s).

Separation of the diastereomers 7¢ was performed by column chromatography (SiO, diethyl
athar/natraloiim ather 2-1
ULIIUI/P\JL' AZINALLEL WwlllwE 7R

Iy oY AT Y] ] n41 b CYAR N

(I'R,4'R,5°S,7'S, 1 I'5)-(+)-2-Methyi-2-(5"-methyi-2’,6"-dioxa-3"-azairicyciof5.3.1.0"" jundec-3'yi)-
propan-1-01 (7TcA): Re = 0.27, colourless crystals, 38% yield, mp. 53°C (Et,O/petroleum ether). - [a]f =
+28.6 (¢ = 0.0034 g/mL, EtOH).- C,;3H;3NOj; (241.3) Caled C 64.70 H 9.61 N 5.80 Found C 64.36 H 9.57
N 5.62. - MS(EI): m/z (%) = 241 (2.5) [M'] - IR (KBr): 3447, 2966, 2935, 1453, 1441, 1292 cm™. - 'H
NMR (500 MHz): see Table 2. Additional signals: & = 0.99 (s, 3 H, C(CHs),), 1.07 (s, 3H, C(CHs),), 1.27 (m,
2] =13.4,%T =40, 4.0, 40 Hz, 1 H, 9-H,), 1.45 (m, 2 H, 8-H,, 10-H,y), 1.69 (m, >J =13.1,°J = 16.6,

13.1,34,34Hz, 1 H, 9-H,), 1.97(dd, %] =16.6,°T =18Hz, 1 H, 8-H.), 2.00(dd,?J =16.1,°] =17
Hz 1 H, 10-H,,), 2.87 (s, broad, 1 H, OH), 3.42 (dd, ’J =10.6,”] =3.9Hz, 1 H, 1-H), 3.46 (dd, ] =10.7, ]
=39 Hz, 1 H, 1-H"). - Additional coupling constants 3y 1710 = 4.1, 1710 = 4.1, 5/CH; = 6.6 Hz. Be
NMR: §= 13.6(C-9"), 19.1 (C(CHs),), 23.5 (C(CHs),), 26.5, 27.9 (C-8', C-10"), 62.2 (C-2), 70.6 (C-1).
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(1'S,4'S,5'S, 7'R, 11'R)~(~)-2-Methyl-2-(5"-methyl-2",6'-dioxa-3"-azatricyclo[5.3.1.0*" Jundec-3"-yl)-
propan-1-ol (7eB): Re = 0.39, colourless oil, 10% vyield. - [(1_122 =-18.0 (c = 0.001 g/mL, EtOH). - C;3:H,3NO;

(2413) Caled C 6470 H 9.61 N 5,80 Found € 64.53 H 9.56 N 5.62. - MS(EL): miz (%) = 241 (3.5) [M'] -
1

e
2
']
13
3
L
g
7

T}v"D /SOO AATT =\

N 244 n 1 o alala AA anal eignale:
IR (neat): 3447, 2569, 2930, 75 Cilt . - 1IN L IVIIiZy. 5€€ 14a01e AQaIona: signais
A NL ATy M 2 3 _ -
0.96 (s, 3 H, C(CHs),), 1.02 (s, 3 H, C(CH;)p), 1.19(m, 7J = 133,77 =35,3.4,34 Hz | H, 9-H.), 1.44

1 5, 3.

(m, 2 H, 8"-H,,, 10-H,,), 1.68 (m, 1 H, 9'-H,,), 1.93 (dd, ’J =14.5,%] = 1.9 Hz, 1 H, 8-H,y), 2.04 (dd, *J =
14.5,°] =22 Hz 1 H, 10-H,,), 2.96 (s, broad, 1 H, OH), 3.37 (dd, J =10.7 Hz, 1 H, 1-H), 3.50 (dd, *J =
10.7 Hz, 1 H, 1-H'). - Additional coupling constants *J 1710, = 3.6, 1/10',, = 7.4, 5/CH, = 6.2 Hz. C NMR:
8= 12.9 (C-9), 19.3 (C(CHa),), 23.9 (C(CHs),), 26.4, 27.5 (C-8', C-10", 62.3 (C-2), 70.6 (C-1).

(I'R 4'R,5'S,7'S, 11'S)-(+)-2-Methyl-2-(5'methyl-2",6'-dioxa-3"-azatricyclo[5.3. 1.0*" Jundec-3"-yl)- 1 -

u

of co
was performed as described earlier.™ The enantiomeric excess of 7cA was found to be more than 94%, because

in the 'H NMR spectrum of the (S)-compound additional signals due to the (R/S)-ester did not appear. The
additional signals of the R/S ester are given in brackets.
'H NMR: § = 0.91 (s, 3H, C(CHas)y), 0.92 (s, 3H, C(CHs),), 1.10 [1.16] (d, 3 H, (5')-CHs), 1.20 [1.19] (m, 1
H, 9-Hg), 1.39 [1.36] (m, 2 H, 8-H. 10-H.), 1.61 [1.60] (m, 1 H, 9'-H,,), 1.91 [1.90] (m, 2 H, 8"-H,,, 10'-
H.y), 2.12 [2.11] (s, 3 H, CH;-C=0), 2.86 [2.56] (ddd, 1 H, 11'-H), 3.60 [3.62] (dd, 4'-H), 3.98 [3.92] (d, 1H,
1-H), 4.00 (m, 5-H"), 4.07 (m, 2H, 1'H, 7-H), 4.10 [4.15] (d, 1 H, 1-H'), 5.86 [5.89] (s, 1H, CsHs-CH), 7.21-
7.42 (m, Ar-H).

General procedure for the
tricyclof5.3.1.0*" Jundecanes 10.
A solution of dimethyl sulfoxide (1.15 g, 14.6 mmol) in dichloromethane was added dropwise to a solution of
oxalyl chloride (0.96 g, 7.6 mmol) in dichloromethane (50 mL) at -78°C under nitrogen. After 10 min
aminoalcohol 8 (1.79 g, 7.3 mmol) in dichloromethane (10 mL) was added dropwise. Stirring was continued

preparation o

for 2 h at -78°C before triethylamine (1.9 g, 18.2 mmol) was added. Subsequently the temperature was raised
to 0°C before hydrolysis was performed by addition of water (0.25 mL). Successively MgSO, (approxim. 3 g)

and the N'-all(vihvdrm(vlamme hvdrm‘hlnnde (7 3 mmnﬂ were added. The reaction mixture was stirred for 3 d

oom temperature. After filtration the organic layer was washed twice with water and then dried with

atr
VigSO4. Removal

"—'i

[y Rty U T
L

PO P ararho
IL Wdd unuwcu U)' COiuIrn < vglapily.

% mato
Diastereomers 10a were separated by chromatography on Al,O; (solvent: fert-butyimethyl ether).

(IR 4R, 58,78, 11R)-(+)-6-Benzyl-3, 5~dimethyl-2-oxa-3,6-diazatricyclo[5.3.1.0*" Jundecane (10aA):
R¢ = 0.58, colourless crystals, 24% yield melting range 52-58°C (hexane). - [a]3* = 61.9 (c = 0.01 g/mL,
EtOH). - C17H24N,0 (272.2) Caled C 74.96 H 8.88 N 10.28 Found C 74.03 H9.32 N 10.11. - MS(FD): mvz
(%) = 272 (100) [M'] - IR (KBr): 2944, 1453, 1148, 742 cm™". - '"H NMR (500 MHz, 233 K): see Table 3.
Additional signals: 8 = 1.16 (m, 2J = 14.0, T = 4.0, 4.0 Hz, 1 H, 9-H,,), 1.40 (dd, ’J = 14,0, °7=13.0 Hz, 1H,

LAY

27 — 3y =
(ul, 3= LIy N nZ) 1 H, 10=H.x), 1.89 (u 1, T = 14.0, J= 13.0, 13.0 Hw, 1 H 9- I_L,x ),
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1 H.) 203(d T =145 H ). 270 (s 1 H N-CH- (

it ] Ady DTRAGQyy SV My Y = Ve > *» sieqy & \My 4 &dy AFTRsR25) Liidy ARy dRmaTLL
AAdditinnal criivaling rAanctanta 21 LI Dh = 14 N 3]’ 1/10 =40 1/1N = nd 7/Q = nd 7/Q = nd K/, =—
nNuuLLiviial vwou llus vULIDLALILD J LRI 1 1%r.uv, 4 1/ lVeq T.V, 171Vax u, llOeq 13, 7705 1, J7vlii3
6.7 Hz. C NMR:see Table 3. Additional signals: & = 13.4 (C-9), 24.8, 25.8 (C-8, C-10), 45.7 (NCHs), 126.2,

(18,48,5S, 7R, 1 1S)-(+)-6-Benzyl-3,5-dimethyl-2-oxa-3,6-diazatricyclo[5.3.1.0*"' Jundecane (10aB):
R¢ = 0.63, colourless oil, 22% yield. - [a]3 = 56.9 (c = 0.018 g/mL, EtOH). - C;sH2N,0 (272.2) Caled C
7496 H 8.88 N 10.28 Found C 74.86 H 893 N 10.36. - MS(EI): m/z (%) = 272 (57) [M’] - IR (neat):
3035, 2990, 1450, 1290 cm™'. - "H NMR (500 MHz): see Table 3. Additional signals: 5 = 1.09 (m, %J = 12.6,
J=3.6,2.0,<2.0Hz 1 H, 9-H,), 1.28 (m, 2T =14.1,7 = 13.0, 3.6, 2.0 Hz, 1 H, 8-H,,), 1.59 (m, J = 14.6, °J

=174 41 41 H7» TH 10 ) 199fm 2T= 176 31=124 120 970 <290H> 1H O ) 188 {da 271
1.7, T, o 14, 1 XX, 1 1ax), 1.0 \ill, J V, v 10,7, 1J,V, L.V, o, Az, 1 L1, JF<XlaxyJ, L-00 (U, J
— 141 3N e NI, 1L QLT Y 100 7fAA 2T — 144 37 9 N 9 11, IT 1IN KT N D&Y fe 1 ET NI
4.1, 0 TSz, %2, S2nZ,) 1 £, 0-Ilyg), 1.77 (U, J T 14.0, J <4 <L 4 @Z, | I, 1U-Tleg), £.02 (8, D 1, IN-
TT X M 1Y M A ¢ vr 2 Ty T s 3t % in - . _
UH3), 7.1/-7.32(m, > 1”1 Ar- ﬂ) - Aaamonal couplmg constants: °J Ll‘izl’n =133, J l/erq =24 1/1U;x =

26.1 (C-8, C-10), 46.0 (N-CH3), 126.3, 127.8, 128.5, 139.3 (Ar-C).

(1S,4R,58,7R, 115)-(+)-6-Benzyl-3,5-dimethyl-2-oxa-3,6-diazatricyclo[5.3.1.0*"! Jundecane (10aC):
Additional chromatography (ALOs, EtOAc, Re = 0.39), colourless oil, 19% yield. - [a]% = 85.6 (c = 0.01
g/mL, EtOH). - C;;H,eN,0 (272.2) Calcd C 74.96 H 8.88 N 10.28 Found C 74.43 H 9.30 N 10.16. -

MS(FD): m/z (%) = 272 (100) [M’] - IR (neat): 2980, 1480, 950, 725 cm™". - "H NMR (500 MHz): see Table

3 Additional sionals: §=091 (m 2I=134 25Hz 1H 9-H.) 12131=106 Hz 1H 8&H. ) 139(m =
NAASLRAVLIG DRSLIGIS. W V.S 4 N1y I ATy LS RAL, L AR, FTAREGQ), L& (Y LW, L2, aax, USiagxJ, r.o 7 \4ll, o

13.4,°1 =106, 1.6 Hz, 1 H, 9-H,,), 1.41 (m, 2 H, 8-H,,, 10-H,,), 1.93 (m, 7T =15.0,°7=2.5,1.6 Hz, 1 H, 10-

~ o -~ Ty MY Y 2r ~TY N1

H.,), 2.83 (s, 3 H, N-CHs), 7.30 (m, 5 H, Ar-H). - Additional coupling constants: “J CH,Ph = 13.7, T 109 =
9.2, /10, = 7.2, 7/8eq = 9.1, 7/8:x = 9.1, 7/8,4 nd., 5/CH; = 5.8 Hz. BC NMR: see Table 3. Additional signals:

8= 21.6 (C-9),31.9, 33.1 (C-8, C-10), 47.6 (N-CHs), 126.9, 128.1, 128.9, 140.6 (Ar-C).

Diastereomers 10b were separated by chromatography on SiO, (solvent Et,O/petroleum ether 1:5)

(1R, 4R, 58,78, 1 1R)-6-Benzyl-3-tert-butyl-5-methyl-2-oxa-3,6-diazatricyclof5.3.1.0"" Jundecane (10bA)
R¢=0.23), brown oil, 12% yield. - C30H3N,0 (330.2) Caled C 72.77 H9.08 N 8.48 Found C 7223 H9.24 N
8.25. - MS(EI): m/z (%) = 330 (5) [M'] - IR (neat): 3025, 1620, 1445, 1280 cm™'. - '"H NMR: see Table 3.
Additional signals: 8 = 1.10 (s, 9 H, C(CHs);). 1.36 (m, 1H), 1.51 (m, 2 H), 1.81 (m, 2 H), 1.94 (m, 1 H),
7.12-7.46 (m, 5 H, Ar- H) - Additional coupling constants: 2J CH,Ph = 14.1, *J 5/CH; = 6.6 Hz. *C NMR:see
Table 3. Additional signals: & = 14.8 (C-9), 23.9, 26.5 (C-8, C-10), 27.1 (C(CHs)3), 59.5 (C(CHs)s), 126.5

128.1, 128.5, 140.3 (Ar-C).

(18,45,58, 7R, 11S)-6-Benzyl-3-tert-butyl-5-methyl-2-oxa-3, 6-diazatricyclo[5.3. 1. 0% Jundecane (10bB):
R¢=0.63), brown oil, 12% vield. - C20H3N,0 (330.2) Calcd C 72.77 H9.08 N 8. 48 Found C 7269 H9.21 N

208

8.37. - MS(EI): m/z (%) = 330 (10) [M'] - IR (neat): 3030, 1615, 1455, 1280 cm™. - 'H NMR: see Table 3.

AL 1o 8 =10Q (o O CYOINAY 178 7dd 2T =122 31 =120 > 1 QIT \ 144 (m =
AUUILIVIId] blglld: U 7 1Yo O, 7 11, Li\\113)3), 1.0 \uuy, J 1.0, J 1J.V X 1 X, O=Xlaxj, 1.7 (i1, o

1A 3y _ a1 A rTT ¥y A TY ar s 2y 1Az 3v _ 12 A1 o AA LY. 1YY IATY \ 1 M7Q fe 27 . 17 1
13.1, J=4.1, 3.0 AAZ, n 9-neq), 1.40(m, J = 14.0, J= 13.4,4.1, 4.V NZ, 1 1, 1U-Tlx), 1./76 (M, J= 13.1,
k. A - T 5 ~ s 2+ P I ~ AT S YT O IT N A AN AT 2% s 3¢ _~n
1=13.3,13.0,3.0Hz 11 1.96 (dd, 1 = 13.3, 1 = 3.0 Hz, 1 H, 8-H,y), 2.00 (dd, J = 14.6, ] = 3.0
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Hz, 1 H, 10-H,), 7.12-7.25 (m, 5 H, Ar-H). - Additional coupling constants: *JCH,Ph=15.5, 37 1/10,, = 4.0
110, = <2, 7/8.x = <2, 7/8eq <2, 5/CH; = 6.3 Hz. °C NMR:see Table 3. Additional signals: § = 13.8 (C-9),
25.8, 27.3 (C-8, C-10), 27.6 (C(CHs)3), 59.7 (C(CHs)s), 126.6, 127.9, 129.1, 138.3 (Ar-C).

General procedure for the reductive opening of the isoxazolidine ring,

A solution of the tricyclic compounds 7 (2 mmol) in ethanol (50mL) was hydrogenated in the presence of
Pd(OH), on charcoal (0.5 g) in an autoclave at 100°C under a hydrogen pressure of 100-150 bar for 1-3 days.
After separation from the catalyst the solvent was removed under reduced pressure.

(IR, 2R, 68,88, 9R)-(-)-8-Methyl-9-methylamino-7-oxabicyclof4.3.0 [nonan-2-ol (11aA). Reaction time 2
w1

d, 93% vyield, white solid, mp 95°C (EtOH). - [2]% = -57.28 (¢ = 0.0033 g/mL, EtOH. - C;;H;sNO, (185.3)
Calad 422 LT 1IN WA N 7T 848 Foannd N KA A T 1INI2S N 724 _ MC /ETY: en/r 0/4) — 128 /14 IAAYT TR
WAV O UTT, O 11 IVVLJITT AN OO LVUUII s UTTVUY I AV Ld LY T LY. 1VAnD \LL}. 1V L \/U’ 100 \lU] PA S J FSAN
AT, 2700 1N F1EN ANNO 1 AA40 120 1110 _l lrr\nm FEANY IYY N, © _ 1 AN 71 3T= L0 TY_ N TY
\ADI). 3307, 331U, 2107, &Y30, 1440, 1500, 1117 CIll - 1 INIVIRK (DUUNMIZ), O = 1.0V (4, J = 0D.01I1Z, 011,
CHs), 1.38 (m, 1 H, 4-H,,), 1.44 (m, 1 H, 3-H,,), 1.55 (m, 1 H, 5-H,,), 1.82 (m, 1 H, 4-H,,), 1.89 (m, 1 H, 3-

2

He), 1.97 (m, 1 H, 5-H), 2.13 (dt, °J = 7.1, 4.3, 4.3 Hz, 1 H, 1-H), 2.51 (s, 3H, N-CH;), 2.95 (s, br, 2 H,
NH, OH), 3.06 (dd, J = 7.1, 6.5 Hz, 1 H, 9-H), 3.94 (quint., 6.3 Hz, 1 H, 8-H), 4.06 (ddd, *J =4.3,3.5,25
Hz, 1 H, 2-H or 6-H), 4.06 (dt, *J = 4.3, 3.5, 3.5 Hz, 1 H, 6-H or 2-H). - *C NMR: & = 13.9 (C-4), 21.8
(CHs), 27.8 (C-5), 31.4 (C-3), 36.1 (N-CH3), 44.3 (C-1), 65.5, 74.9 (C-2, C-6), 71.5 (C-9), 80.2 (C-8).

(15,25, 6R,88,95)-(+)-8-Methyl-9-methylamino-7-oxabicyclo[4.3.0]nonan-20l (11aB): Reaction time 3 d
at 150 bar. 93% vield. colourless oil. [21%° = +27.51 (¢ = 0.0004 o/mL,. FtOH - C::H:sNO, (185.3) Caled. C
UL LU (.u’ P v Jl\ll\l, WAV UL Bwoo Wik, luJD et ¥ ot R \U V. UyUuy ylll—l—l’ AsUNFLL. UL L JQL NS \l\)J.J} Wi, W
LA OY IT INMANT T EL LD . 1M LALLELY 1IN QN 7212 AAQ (TITN. cenfo 7O/ = 1OL /TN TRAYT TD fonnns). 22E7
U4.02 Il 1U.D4 N /.00 FOUIIU LU O%.00 11 1V,07 IN 7,30, - IV1O (1), IIVL {(/0) =™ 100 (<£1) [IVQI |. 1IN (LICAL). D207/,
AnA~S A SE A a -1 lrr wra oy | o 4 e~ os31 37 s s TT A~ TT T x ~TT A~ TT 4
2932, 2865, 2749, 1448, 1117 cm™. - HNMR: 8 = 1.19 (d, °J = 6.6 Hz, 3 H, CHs), 1.36 (m, 2 H, 3-H.,, 4-

H,,), 1.41 (m, 1 H, 5-H,y), 1.62 (m, 2H,4—H.x, 3-H,y), 1.96 (m, 1 H, 5-H.,), 2.10 (ddd, T =76, 4.5, 3.9 Hz, 1
H, 1-H), 2.45 (s, 3 H, N-CH3), 2.89 (s br,, 2 H, NH, OH), 3.38 (dd, ’J = 7.7, 3.8 Hz, 1 H, 9-H), 3.70 (qd, °J =
6.6, 3.8 Hz, 1 H, 8-H), 3.97 (ddd, > = 6.6, 3.9, 2.1, Hz, 1 H, 2-H or 6-H), 4.06 (ddd, ’J = 6.6, 4.5, 1.8 Hz, 1
H, 6-H or 2-H), - ®C NMR: § = 13.9 (C-4), 14.1 (CH3), 27.2 (C-5), 31.2 (C-3), 36.4 (N-CH3), 43.8 (C-1),
65.3, 65.4, 75.4 (C-2, C-6, C-9), 76.1 (C-8).

1R 2R £S5 LS OR),/_,. eg,zert_nuﬁ) nmrnn_R_‘rnofhul_7_nvnh1r-vf-lnfd 2 {)Tnnnnn- 2.0l (1ThA) pactien ume

R AT TAVAL ORI LAYt iV sysis UAatedrsl L HOP A V4 \.IAIIA As. AN

1 d at 150 bar, 83% yield, yellow oil. [a]2’ = -56.48 (c = 0.0034 g/mL, EtOH. - Cj;sH;sNO, (227.4) Calcd. C

~AO AT rr

68.68 H 11.08 N 6.16 Found C 6892 H 1097 N 6JU - MS (EI): m/z (%) = 227 (15) [M']. IR (neat):
3481,3375, 2974, 2961, 1453, 1444, 1375, 1231 em™*. - '"H NMR: § = 1.07 (s, 9 H, C(CHs);), 1.20 (d, T = 6.2
Hz, 3 H, CH3), 1.26-1.52 (m, 3 H, 3-H,,, 4-He,, s-H,x), 1.66-1.82 (m, 3 H, 3-H,,, 4-H.,, 5-H.,), 1.86 (ddd, *J =
7.1, 6.6, 4.7Hz, 1 H, 1-H), 2.72 (s br., 2 H, NH, OH), 3.15 (dd, *J = 7.1, 6.9 Hz, 1 H, 9-H), 3.74 (dq, °J = 6.8,
6.2 Hz 1 H, 8-H), 4.04 (dd, *J = 4.7, 3.3 Hz, 1 H, 2-H or 6-H), 4.06 (dd, °J = 6.6, 3.7 Hz, 1 H, 6-H or 2-H), -
BC NMR: § = 13.7 (C-4), 20.1 (CHs), 27.8, 31.2 (C-3, C-5), 29.6 (C(CHs)3), 45.4 (C-1), 50.6 (C(CHs)3), 63.9
(C-9), 65.6, 75.3 (C-2, C-6), 80.8 (C-8).

71C9C £D 0C OC)_71)_O_sort_ Ratilamminn R _smothal 7 nvohiounlald 2 n’mntinm,‘);n’ {11hRY: Raartinn tima
(482, &2, VIN, 00, 7O/ ( T}-)'-ICI l'lJMl_,/lullllllll‘() TRELTLY =/ =UARUIC YLV T, J. V [IIUTNIINE=L UL ( L1V J. INLAVLIUIL LR
3 d at 150 bar, CC (SiO,, EtOAc/petroleum ether 1:1), 88% yield, bright-yellow solid, mp 82°C
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(Bt A c/natralanm athary (4120 = 24001 {0 = 00012 o/mT B+OH . C.EH.NO. (097 4) Caled O 62 48 W

\l-ll-\.lf'\\d}l\-l.l\llhulll \-lllbl}. lu‘D TTYV.V L \\I V. VV 1 é lll-l-d, pPEIAV I e AN KIS YL AV y) \LLI."‘J AV, v UO.VO 11

11 NO AT £ 1£ Noee- A M £O0 41 1T 1N O T £ OL MRAC (TITN. wnnfo 707\ e AT 710N Mmaty 1D VA 78 8 PAY 2417 LN

11.U0 IN 6.10 FOUNG U 00.41 1 1V.03 IN 0,00, - IMID (Elj. VZ (7o) = 24/ (1Y) [IM |. IK {(ADT). 3413, 550U,
-1

2061, 1477, 1453, 1389, 1231 cm™. - 'H NMR: § = 1.04 (s, 9 H, C(CHs;)3), 1.13 (d, 3J=66Hz 3 H, CHs),

1.35-1.80 (m, S H, cyclohexyl-H), 1.85 (ddd, °J=7.7, 3.5, 2.1 Hz, 1 H, 1-H), 2.00 (m, 1 H, 5-H), 3.20 (s br,,
2 H, NH, OH), 3.52 (dd, °J = 7.7, 49 Hz, 1 H, 9-H), 3.70 (qd, >J = 6.6, 4.9 Hz 1 H, 8-H), 3.92 (dd, ’1 = 6.6,
2.1 Hz, 1 H, 2-H or 6-H), 4.02 (dd, *J = 6.6, 3.6 Hz, 1 H, 6-H or 2-H), - )C NMR: § = 14.1 (C-4), 14.9
(CH,), 26.5, 29.5 (C-3, C-5), 30.3 (C(CHs)s), 45.5 (C-1), 50.2 (C(CH3)3), 57.2 (C-9), 65.9, 75.6 (C-2, C-6),
76.6 (C-8).

Methylation of compound 11aA

1D r+san

(1R, 2R, 65,85,9R)-(-)-9-Dimethylamino-8-methyi-7-oxabicyclof4.3.0]nonan-2-0l (i2aA): Methyl iodide
(0.18 g, 1.25 mmol) was added to a solution of compound 11aA (0.18 g, 1 mmol) and diisopropylamine (0.13
g, 1.25 mmol). The reaction mixture was stirred for 20 h. After addition of water (10 mL) the organic layer
was separated and washed with water (3 x SmL). Then it was dried with MgSO,. Subsequently the solvent
was removed under reduced pressure. Yellow oil, 56% yield. [a]? = -11.67 (¢ = 0.0018 g/mL, EtOH. -
CuiH21NO; (199.3) Caled. C 66.29 H 10.62 N 7.03 Found C 65.82 H 10.61 N 6.52. - MS (EI): m/z (%) = 199
(29) [M']. IR (neat): 3312, 3150, 2930, 1450, 1368, 1120 cm™. - 'H NMR (500 MHz): § = 1.23 (d, *J = 6.2
Hz 3 H, CHj), 1.24-1.46,1.78-1.93 (m, 6 H, 3-H, 4-H, 5-H), 2.03 (dt, ’J = 6.6, 4.4, 4.4 Hz, 1 H 1-H), 2.23

iy - SRES)y L™ Eelh el W R ALy e RRy AEy =~ 22Ty L ARy ‘ bV 5 ]

(s, 6 H, N(CHz);), 2.55 (t,*J=6.7 Hz, 1 H, 9-H), 4.10 (ddd, *J = 4.4, 3.5, 30Hle 2-H or 6-H), 4.11

£ 3|=("’ Z " T 1 TITY O TI\ A 1" 111 ‘l' AL "L H"NHIY 1YY £ TY .. "™ TIYI\ n\nm S 1 L S AN

{aq, J=0.7,63 Hz, 1 O, 3-n), 4.13 (@aq, J=4., 3.5, 3.3 1 0-11 or 2-11j, ~ B¢ 10=13.5(C-4),

22 8 (CH3), 28.1, 31.1 (C-3, C-5), 45.5 (C-1), 45.9 (N(CHs)2), 64.7, 77.6 (C-2, C-6), 74.0 (C-9), 78.1 (C-8).
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