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Abstract: The N-benzylated bicyclic compounds 5 were converted to C-phenyl
nitrones 6 by highly regioselective oxidative opening of the isoxazolidine ring with
MCPBA. One or both of the isoxazolidine rings of compound 8 were opened in the
same way anorcung a mixture of compounas § and 16. Compounds 1

[V IR PV | PO M prr e |
IUITHﬁU Dy UXIUdUUIl Ul lV mets ymtcu mbyuuu LUI lpUUllUb LIl ailg

-
i
o
:
=
o

and 16 was 1501 ed after oxidation of the mcychc compound 14, whv. eas oxidation of
the diasteromeric 17 provided h.- oxime 19 as the single product. The reason for the
different course of the oxidation is discussed. © 1998 Elsevier Science Ltd. All rights reserved.

Isoxazolidines which are easily accessible by 1,3-dipolar cycloaddition of nitrones

with alkenes may be cleaved either by reduction or by oxidation [1]. Oxidation mostly

principle, two regioisomeric nitrones may be formed [2]. Frequently, however, ring opening
proceeds with high regioselectivity [2,3]. Thus, the combination of l,3=d1pslar

nitrones formed by oxidative cleavage may again undergo a 1,3-dipolar cycloaddition
reaction (second generation nitrone cycloaddition) and even a third generation process [5] is

possible in favorable cases.

1998 Elsevier Science Ltd. All rights reserved.
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Le Bel et al. [6] studied the oxidation of 3-oxa-2-azabicyclo[3.3.0
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octanes 1 and related

4-oxa-2-azabicyclo[4.3.0]nonanes 3. Only nitrone 2¢ was found to exist in equilibnum with 3¢
[6]. Formation of a regioisomeric ketonitrone in which the double bond is directed to the

orginal bridgehead carbon atom by oxidation of nitrones of type 1 (R* = H) was only found if

! ag ohcerved [R1 Further axidation
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of such compounds 3 ssible to give corresponding cyclic nitrones which were finally
hydrolyzed with ring opening.
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Starting from enantiopure  o-hydroxy esters such as ethyl lactate we prepared
enantiopure 3,7-dioxa-2-azabicyclo[3.3.0]octanes 4 [9]. Herein w
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some of such compounds or their racemic mixtures with MCPBA
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There was no indication for the formation of a ketonitrone by abstraction of the proton

dichloromethane at -5°C afforded nitrones 6a-d in approximately 75% yield after purification
by chromatography. Nitrones 6 were formed diastereomerically pure. 6a-c were obtained as
optically active compounds that must be enantiopure, because the educts Sa-c possessing at
as racemic mixture. The racemic compound 6d was also prepared on an alternative way from
aminoalcohol 7, which was subsequently oxidized by hydrogen peroxide and sodium tungstate
compounds 5. The constitution of compounds 6 was determined, in particular, by their 'H and
In Figures 1-3 crystal structure projection of compounds Sd [9a], 6d and 7 [9a] are
connected by an intermolecular hydrogen bond between the OH groups (1-hydroxy-2-methyi-
prop-2-yl) of two different molecules. In addition, the H atom of one of these groups,

however, forms an intramolecuar hydrogen bond to the N atom (Fig 1). For mtrone 6d three

methyl-prop-2-yl group and the O atom of the nitrone group (H8-O19A), b. between the
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hydroxymethyl groups of two molecules (H 212-0O212c¢), c. between the H atom of the
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hydroxymethyl group and the O atom of the 1-hydroxy-2-methyl-prop-2-yl group (H211-
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[C(CH;),CH,0... H...NCH,Ph and PhCH,N... H...O-CH,-C(4)] and one intermolecular
hyAracan hand CAN_CH_ N H NCH.(CHN\.1 avigt
NYWOEVIL UULU [ LT )" ud V. L AU UL X L3 J2 | VALSL.

Figure 1: ORTEP drawing of 5

Figure 2: \,RAEP drawin e confirmations of the
hyd_rngmethyl gro ), O1-C2 1.423(3), C2-

C6 1.537(3), C2- C3 -N11 487(3) C3 C4 1. 533(4) C4 C20 1 514(4), C4-C5 1.520(4);
Selected bond angles [ B CS Ol C2 109.9(2), O1-C2-Cé6 109.7(2), O1-C2-C3 106.5(2), C6-C2-C3
115.6(2), N11-C3-C4 111.8(2), N11-C3-C2 110.8(2), C4-C3-C2 104.1(2), C20-C4-C5 115.7(3), C20-
C4-C3 115.8(2), C5-C4-C3 102.8(2), O1-C5-C4 104.6(2).
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Table 1

Selected torsional angles of compound 6d and comparison of 'H
NMR coupling constants J(Hz) with theoretical values calculated
from the torsional angles with the aid of the Karplus equation'®

Selected J values ) Jeacld Jiound
between the protons

3/4 31 6.0 73

4/5 -38 50 35

4/5' -160 8.1 6.3

2/3 115 14 1.8
[a]-Ref [12b], Calculated with the aid of the Karplus equation )=
8.5¢c0s%¢-0.28 for 0° to 90° and *J = 9.5cos’$-0.28 for 90°-180°.
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tetrahydrofuran part, the nitrone group and the hydroxymethyl group. The second compound

was identified as nitrone 9 formed by oxidative cleavage of only one of the bicyclic moieties.
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In particular, the appearance of a 'H NMR signal of the nitrone group along with those of the
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indicative for its structure. Compound 9 could be converted to 10 by an additional oxidation
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In contrast to the N-benzyl-substituted bicyclic compounds 5, oxidation of the N-
methyl-substituted compounds 11a,b [9a,13] with MCPBA at -5°C afforded 2-hydroxy-4,8-
dioxa-2-azabicyclo[4.3.0Jnonanes 13a,b in accordance with the results of Le Bel [6] and
others [15] who oxidized similar bicyclic compounds. Of course, compounds 13 must be
formed via nitrones 12 which underwent subsequently a Michael-type addition of the hydroxy
group to the nitrone group. In this way, racemic 13a and enantiopure 13b were formed in 55%

R [ [ RO (RTINS S o R b B Fad
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and 65% yield, respectively. However, neither 1Z¢ nor i3¢

11c¢ [14] under identical conditions. Instead, a complex mixture of unidentified products

presumably formed by decomposition of either 12¢ or 13¢ was found in this case. Obviously,
the reaction course is strongly effected by the substitution pattern of compounds
H HaC H
3q [ 2“ l—d .-‘CH::I (r\?n d __CH3 1 -1 2
N~ NG R' &’
1z : HO— z Ow b | Ph  Ph
R gef R 2 H R Z2H ¢ |H H
L n d ot |
1 12 13

The substitution pattern of 13a and b influences also the conformation of the molecules

as the '"H NMR coupling constants reveal. Thus, the six-membered ring of 13a is forced in a
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chair-conformation (Fig 4) with the large phe

that the protons 5-H and 6-H occupy a trans-axial position (Js =10. 8Hz) In
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90° (Js/7, = 5.3 Hz, Js;»= 1.2 Hz). By the second phenyl group at position 5 in compound 13b,

Awoayer thiec directing o a
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conformation (Fig 5) in which the axial phenyl group points away from the annulated five-
membered ring. The latter is now orientated in a way that brings protons 1-H and 9-H n an

approximately perpendicular position (J;,0< | Hz). Thus, protons 7-H and 7-H’ are brought in

positions relative to 6-H that give rise to relatively large coupling constants (Js7 =7.5 cis, Je/»

=11.2Hz, trans) (Figure 5) [16].

[ | [ -
J = 10.8Hz - H
?\ H H }ZLP,,
"~ N

13a 13b
Figure 4 Figure 5

These results were confirmed by a calculation based on CHEM 3D program by which

'
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14 and 17 [18]
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recovered. Enhancing the amount of MCPBA to 1.6 equivalents
these compounds in approximately the same ratio. Under the same conditions using 1.2
equivalents of MCPBA the tricyclic compound 17 afforded oxime 19 as single product in 40%
yield, remaining approximately 60% of 17 unchanged [19].

The NMR data of 15 are in accordance with those of compound 13. The most important
features of the NMR spectra of compounds 16 and 19 are the splitting of the 1-H signal by
only two protons (triplets at 8 3.50 ppm and 3.22 ppm, respectively) and the splitting of the 8-
H signal by oniy three protons (quartets at & 4.78 ppm and 4.28 ppm, respectively) indicating
the absence of a proton at 9-position, as well as the appearance of '’C signals (off-resonance

L

1 T A 1N ™
1060.1 ppm ana 16U.2

decoupled) which are characteristic for an oxime group (singlets at

e ch 0
ppm, respectively) and a formyl group (doublets at & 176.7 and 165.6 ppm, respectively). In
alternative structure 20 which would also be in agreement with these data is rather improbable,
h

[20]. Even if they would be formed in any way, they are expected to undergo spontaneously
an intramolecular acylation to give 19.

As a result of our studies we can summarize that compounds § and 8 (A: R=Ar) are

xidized hv MCPRA to oive the C-ar
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(see schematic representation on next page). These nitrones are stabilized by the aryl group at

nd thus prevented from further conversion
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Nitrones with a methylene group (C: R=H) arising from oxidation of N-methyl
compounds (11,14,17) are far more reactive and undergo spontaneously an intramolecular

Michael-type addition affording cyclic hydroxylamines of type D possessing a tetrahydro-1,3-
oxazine moiety [21]. Such hydroxylamines are susceptible to further dehydrogenation with
formation of nitrones E [22] followed by further conversion. In principle, oxidation of
hydroxylamines (D—E) is thought to proceed more easily than oxidation of an amino group
such as in compounds of type A (A—B) [23]. Thus, a competition between the two oxidation
reactions is expected. However, the dehydrogenation process (D—E) seems to depend strongly

on the substitution pattern as is indicated by the different behavior of the educts.



A B c D
o HO
1 LE o~ Ho\_ Ll - [ |gH 2H g‘
"" ‘ Mig\J b ni -
o\/\/ o~ OHCO A~ _/ oHCcOo._ A _/
E F G H

Since compounds 13a,b formed by oxidation of 11a, b respectively, could be isolated in
moderate yields in contrast to the oxidation of 11¢ which provided only decomposition
products, it must be assumed that 13a (R' = H, R>= Ph) and 13b (R' = R® = Ph) exist in a
respective conformation in which dehydrogenation of the molecule (D—E) is more difficult

compared to the oxidation of the starting compounds 11a and b, respectively (A—B) [6].
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the assumed intermediate

ul
(¢}
substituted 13c¢ 1s conformationally more flexible and thus can adopt a conformation in which

1.6 equivalents of MCPBA afforded 25% or 40% of

quivaients of MUPDBA afiorged 237 or 4U%
respectively, leaving a large amount of 14 unchanged. Here the dehydrogenation steps D—E
and G—H compete successfully with the oxidative conversion A—B in consumption of the
oxidant [24]. This means that the additional third ring component either makes the oxidation
A—B more difficult or facilitates the dehydrogenation D—E or does both together, as
compared to 11a,b/13a,b. The effect is even stronger in the oxidation of 17 yielding 40% of
19 as the single product along with approximately 60% of starting material with 1.2
equivalents of MCPBA. The conformation of the starting compound 17 is known from an X-
ray analysis as well as from 'H NMR data [18]. Thus, it is known that the N atom of 17 is
better shieided against the attack of MCPBA by the endocyclic methyi group at C-5 (A—B)
compared to the situation in 14, the shape of which is very similar but where the methyl group
1s exocyclic, pointing away from the free electron pair of the N atom.

Such a shielding effect would play a less important role in the dehydrogenation of 18

s

(D—E), |

because now this process occurs more at the outer sphere of the molecule. If one

wn
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assumes that the conformation of 15 and 18 is not very different [25], the methyl group of 18
would destabilize the molecule more. comnared to that of the diastereomer 18 In thic way 18
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is more destabilized and thus its oxidation followe

can be understood as

NIAE AR X N RAAINWE WA VNS

with relief of internal st

as found to be <1Hz (see Experimental

follows. The '"H NMR coupling constant Jsiye; of 15

w.
art). Thus, the torsional angle between 5-H and 6-H should be approximately 90° with the
consequence that the methyl group at C-6 is close to the proton 5-H as is depicted in the
Newman projection (Fig 6). In the diastereomeric compound 18 with the inverted position of
the N atom and 5-H the methyl group is located close to the N atom (Fig 6) giving nise to a

stronger destabilization by torsional strain.

O, Oy H
~ PO ~ o — .
12 Co 0
Hg He
/1 {
H3C j, HiC N
a b
Kionena & awuman nrataectinne af the canfarmatinn at 028 and (b6 nf ramnmimde 18a and 190
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Experimental Section

General. All melting points are uncorrected. Elemental analysis: Division Routine Analytic
Section, Fachbereich Chemie, University of Marburg, NMR: Bruker AMX 500, AC 300 and
ARC200 using the residues of 'H (8 = 7.24) or of '’C (8 = 77.0) of the solvent CDCl; as
internal standard. J values are expressed in Hz. Unless otherwise stated, the 'H NMR spectra

o
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General Procedure for Oxidation usin
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MCPBA (90% punty, 1

VANA A Br

1.6
mmol) in CH;Cl, (20 mL) at -5°C. The reaction mixture was stirred at -5 °C for 2 h. The
(

mixture was then washed successively with solutions of NaHCO3(5%) and Na,S,0; (saturated)
and dried with Na,SO,. After evaporation of the solvent, the residue chromatographed on

The oxidation of compound 7 with H,O, and Na,WO, affording 6d was performed as
described by Murahashi et. al, see ref [23].

(285,3R,4R)-(+)-[3-(Benzylideneamino)-2-benzyl-tetrahydrofur-4-yl]-methanol =~ N-oxide

(6a). Yield: 72%; [a], = +13.3(c, 0.6, CHCL); mp. 102-1050C; 1H NMR (500MHz) &:
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4), 59.5(C-5), 69.6(CH,OH), 80.7(C-3), 81.9(C-2), 127.2-137.7(Ar, CH=N); Anal. Calcd for
73. .50. Found: C, 73.54; H, 6.43; N, 4.76.

(aR,28,3R,48)-(+)-a-[3-(Benzylid eneamino)-2-methyl-tetrahyd rofur-4-yl]-benzyl-alcohol

t

N-oxide (6b). Yield: 71%; [a], = 166.8(c, 1.C
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Li,y), 2.7, 11, 4-11), 50444, 111, J-r), 5.60(Ud, 111, J -, 4.1404, 10, J-11), 4.014aq,
1H, 2-H), 4.75(d,1H, CH(OH)Ph) 7.10-7.37(m, 9H, Ar, CH=N), 8.10-8.15 (m, 2H, o-Ar-H)
Jome= 6.2, o3 = 3.6, Jyu = 7.7, Jas = 1.5, Jas = 11.1, Js;5»= 8.8, Jucupn = 8.3; 13C NMR &:

60.8( C-5), 704(C-2), 71.4(C-3), 823(C-O

~/> 7> ~

®
s
il

>
=2
®
o
<
o,
g
=
O
w

&
Z
&
E
é
@)
3
W
[\
\O
s
@)
o0
o)
Z
-
W
(=)
sy
[«]
=
o
o
~J
wo
=~
vUJ
oo

N-oxide (6¢c). Yield: 70%; [}, = +5.7(c, 0.4, CHCL);, 1H NMR &: 3.01(m, 1H, 4-H),
3.93(dd, 1H, 5-H), 4.19(dd, 1H, 5°-H), 4.34(dd, 1H, 3-H), 4.89(d, 1H, CH(OH)Ph), 5.57(d,
Y6 CI

H=NN R1’7(m,’)T—T Al L. =36 L, =78 Lim =82

ATAN g, O i, Liiy, I: l), J2/3 ~ Yy 03/4 1.0, J4/CHPh O.L,

1TH 2
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I, £=11j,

m 14H Ar-H
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TALL, L)1,
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T =91 T - 111 T - Q A 1?(“ NND K. SN A (C_AN 70 74O NLINDRY 1N Q7 &)
Ja/5 O.1, J4/5 11.1, J5/5 0.9, oI U0 JVA (L-d), VLU UTLraij, JTU.o (L~ ),

(2RS,3SR,4SR)-|3-(Benzylideneamino)-2-(1-hydroxy-2-methyl-prop-2-yl)-tetrahydro-
fur-4-yl}-methanol N-oxide (6d). Yield: 75%; mp. 132-1340C; IH NMR &: 0.86(s, 3H,

IT Y NOY o \
b4

. M 11T AL NI
CHj), 0.92(s, 3H, CHs)

1L A \ ’) 22/ A 2 A0/
, LH, 4-r1), 3.93(Q, i, Cri,Un), 5.406(a

’-H), 4.04(dd, 1H, C(CH3),CH,OH), 4.10(dd, 1H,

o TR <~ SRU
£.2J11L

3.68(dd, 1H, 5-H), 3.76(dd, 4H

N~

CCHNCH.OHY A4 50
wilrigpudisurnij, 40U

o

T o~ T 1M1, Y. YW-sa
Jermpon = 8.7, Js;s» = 12.1; +2C NMR 0: 19.5(C

58.8(C-5), 69.3(CH-CH,OH), 70.8(C(CH;),CH,O0H), 77.2(C-3), 87.2(C-2), 128.2-131.3(Ar)
37.7(CH=N).

>

(25,35,48,1’S,5°R,8’S)-(+)-[3-(p-Methoxybenzylideneamino)-2-{ 2’-(p-methoxybenzyl)-
3’,7’-dioxa-2’-azabicyclo[3.3.0]oct-8’yl} -tetrahydrofur-4-yl|-methanol = N-oxide (9).

L

Yield: 20%; mp. 176-1790C; [a]; = +18.3(c, 0.4, CHCL,); 1H NMR b: 2.64(m, 1H, 4-H),
3.31(m, 1H, 5°-H), 3.64(s, 3H, OMe), 3.66-3.87(m, 7H), 3.79(s, 3H, OMe), 3.95-4.15(m,
6H), 4.41(bm, 1H, OH), 4.50(dd, 1H), 6.76(d, 2H, Ar-H), 6.86(d, 2H, Ar-H), 7.21(d, 2H,
Ar-H), 7.35(s, 1H, CH=N), 8.13(m, 2H, Ar-H); 13C NMR &: 45.9(C-4), 49.0(C-5"),
55.4(0CH,), 55.5(0CH,), 59.4(C-9’), 59.4(C-5), 70.1(CH,OH), 71.1(C-6"), 73.7(C-4"),

74.1((:-1’) 77.7(C-3), 81.7(C-2), 83.0(C-8°), 114.2(Ar), 130.6(Ar), 131.7(Ar),

]
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oxide] (10). Yield: 40%; mp. 111-1140C; [a]’ = -128.9(c, 0.
3,

7,
2 x 1H, OH), 2.71(m, 2 x 1H, 4-H), 3.67(m, 2 x 2H, 5-H), 76(s 2 x 3H, OMe), 4.08(m,
2 x 2H, CH,OH), 4.66 (m, 2 x 2H, 2-H,3-H), 6.84(d, 2 x 2H, Ar-H), 7.40(s, 2 x 1H,

= =02 ===3

CH=N), 8.11(d, 2 x 2H, Ar-H); Jenomwon = 7.2, 13C NMR &: 45.7(C-4), 55.3(OMe), 59.2(C-
' 3

5y 70 3 CH,OHD
<) X 7

\_/Ll\_ll

77.3(C-3), 80.5(C-2), 11

>

161.9(Ar).



Yield: 55%; mp. 84-870C; 1H NMR (200MHz) &: 1.31(d, 3H, CH,), 2.68(ddd, 1H, 6-H),
3.46(dd, 1H, 1-H), 3.58(dd, 1H, 7-H), 3.71(dd, 1H, 7°-H), 4.06(m, 1H, 9-H), 437(d, 1H, 5-
H), 4.61(d, 1H, 3-H), 4.75(d, 1H, 3>-H); Jys = 6.7, Ji0 = 8.5, J33» = 11.8, Js;s = 10.8, Jg7 =

(IR, 68,98)-(+)-5,5-Diphenyi-2-hydroxy-9-methyi-4.8-dioxa-2-azabicycio[4.3.0]nonane
(13b). Yield: 65%; mp. 69-720C; [a]] = +185.0(c, 0.3, CHCL); 1H NMR &: 1.22(d, 3H,

CH,), 3.10(d, 1H, 1-H), 3.28(t, 1H, 7-H), 3.55(m, 1H, 6-H), 3.73(dd, 1H, 7°-H), 3.93(d, 1H,
3-H), 4.50(q, 1H, 9-H), 4.60(d, 1H, 3°-H); Js = 4.8, Jio <I, J3;3 = 8.0, Jg2 = 7.2, Jors = 7.5,
Jop = 11.2, Joeng= 6.5; 13C NMR d: 20.5(CH,), 43.5(C-6), 68.8(C-7), 69.5(C-1), 78.4(C-5),
79.1(C-9), 80.2(C-3), 124.7-144 4(Ar); Anal. Caled for C,sH,;NO; (311.4): C, 73.29; H, 6.8;

AL
IN, &.0.

; 2 k] 1‘) “+
The products 15 and 16 which appear as single spot in TLC, could not be separated by
coloumn chromatography. However, both of them show individual chemical shifts both in

"H NMR and '>C NMR spectra.
(IR,5R,6S,8S,12R)-4-Hydroxy-6-methyl-2,7-dioxa-4-azatricyclo|6.3.1.0%'*|dodecane (15).
Yield: 26.5%; 1H NMR &: 1.43(d, 3H, CH,), 1.5-2.1(m, 6H, cyclohexyl-H), 2.47(m, 1H, 12-

H), 3. 09(d, 1H, 5-H), 3.98(d, 1H, 3-H), 4.01(ddd, 1H, 8-H), 4.05(ddd, 1H, 1-H), 4.40(q,

1H> 6'H) 4. 6n( i 1H, 3"H); J1/11 = 5‘7, Jine= 1102, J1/12 = 9.0, '313‘= 7-7, '5/12 = 6-6, Jsie <
1.0, Jocu=106.6, Jgo=13.1, Jg;0-= 8.0, Jg/1» = 5.0; 13C NMR &: 15.0(C-10), 18.7(CH;), 25.2(C-
B T ¢ 3 o/ » VO/IY » YO/1L E} X Vi \ 372 \

9), 26.3(C-11), 39.9(C-12), 71.2(C-5), 71.4(C-8), 74.8(C-1), 76.5(C-6), 84.9(C-3); Mass:
E(1):199.

Yield: 13.5%; !H NMR (500MHz) &: 1.13(d, 3H, CHs), 1.4-1.7(m, 6H, cyclohexyl-H),
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3.50(t, 1H, 1-H), 3.83(quintet, 1H, 6-H), 4.21(dt, 1H, 2-H), 4.78(q, 1H, 8-H), 8.0(s, 1H,
CHO); J1;2=6.3, Jis = 6.3, Ja3= 5.8, Jyicuzs = 6.6, Jois = 4.7, Jois- = 11.2; 13C NMR 6: 17.8
(CHNY 196 (C.AY D76 (C.5Y NRKR(CRAY A6 A (C_1Y K0Q (C.AY TV A (CR 772 (N
\MW183 )y 17U\, &7 .U \(WTU ), VLD \(WTU g, TULT \(WTL g, UL (WTU), 71T (U OI, 17.J \\./ L},

(IR,2S,6R,85)-(+)-(9-Hydroxyimino-8-methyl-7-oxabicyclo[4.3.0]non-2-yl) formate (19).
Yield: 40%: mip. 125-1270C T° _ 4111 &8/ N8 Oy 11T AAAD S 1 273 LT 1T N

. s, HIP. 1L0-14i¥0, [Ty TILL.OW, Voo, L), *r1 INIVIR O, 1,014, 21, L,rla),
1.41-2.12(m, 6H, cyclohexyl-H), 3.22(t, 1H, 1-H), 3.91(m, 1H, 6-H), 4.28(q, 1H, 8-H),

5.66(m, 1H, 2-H), 7.9(s, 1H, CHO); J;» = 5.4, J;5 = 5.4, Jyme= 6.3; 13C NMR 6: 13.5(C-4),
17.5(CH,), 26.9(C-5), 28.6(C-3), 42.5(C-1), 66.6(C-2), 74.2(C-8), 74.8(C-6), 160.2(C-9),
165.6(CHO); Anal. Calcd for C,oH,sNO,(213): C, 56.32; H, 7.09; N, 6.56. Found: C, 56.54:
H, 6.83; N, 6.85.
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Each other conformation of 18 would give rise to higher internal strain of the molecule as an inspection
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