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Abstract

N-Allylamino alcohols 11a-g were prepared from enantiopure (IS, 2S)-2-amino-1-phenylpropane-1,3-diol (8)
by various reaction pathways. Selective Swern oxidation of the primary alcohol group of compounds 11
followed by treatment of the resulting aldehyde with N-alkylhydroxylamines afforded the corresponding
nitrones that underwent an intramolecular 1,3-dipolar cycloaddition to give the bicyclic compounds 12 and 13.
12¢ and 13¢ (R3 = allyl) were deallylated providing compounds 12i and 13i, which could be methylated

subsequently yielding 12k ar nd 13k, respectively. X-ray analyses of 13a,e and 12g were performed indicating
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different conformations of 13a and ¢ on the one hand and of 12g on the other hand. Conclusions concerning th
1
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1 Introduction

Chiral B-amino alcohols and their heterocyclic derivatives have found widespread use as
auxiliaries [1] or enantioselective catalysts [2] in asymmetric synthesis. The high diastereo-

selectivity in the intramolecular 1,3-dipolar cycloaddition of chiral §,e-unsaturated nitrones 1
st 4lha qbAavam A Aamtase ndiarant tA tha nitrana ~rarlhAan atam malrag anantianiirae hirue~lis
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compounds 2 with an isoxazolidine moiety easily accessible [3]-[7] (Scheme 1). N-alkylated
nitrones (R' = HO-CR?R*CR*R®-) prepared with achiral or chiral B-amino alcohols or B-

ydroxyamino alcohols provide enantiopure bicyclic compounds 2 (X = O) with an B-amino

0040-4020/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
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alcohol group at its periphery. Such compounds [8] were used as chiral ligands in the
enantioselective addition of diethylzinc to aldehydes [9][10]. The intramolecular cycloaddition

al
of modified nitrones 1 (X = NR?) with an o-hydroxyalkyl group as substituent R? should make

another type of such chiral bicyclic compounds 2 accessible in which an a,B-amino alcohol

group is incorporated. Thus, our goal was to qvnthesize
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NR’, R? = CH20H CH(R)OH or CR,0OH) and to test them also as ligands for the
enantioselective addition of diethylzinc to benzaldehyde.
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(P31 MUOLLPULRLUS &

Scheme 1

2 Results and Discussion

Our strategy for the synthesis of target molecules 7 was as follows: Starting from chiral p-

amino-a.,y-dialcohols 3 [11] the amino group should be allylated. However, since oxidation of

. . 3 .
diols with an secondary amino group 4 (R” = H) failed to give the desired products, compounds
. —3 . ~ s )
4 with a tertiary amino group (R* # H) must be prepared. Oxidation of the primary alcohol

group (Y = HO-CH,) without oxidation of the other alcohol group -C(R'R*)OH to give
aldehydes 5 would be the crucial step of the reaction sequence. Treatment of compounds 5
intramolecular cycloaddition providing the desired chiral 3-oxa-2,7-diazabicyclo[3.3.0]octanes
7 (Scheme 2). Finally, modification of the alkyl substituent R* seemed to be possible.

Preliminary experiments with (S)-2-amino-1,1-diphenyl-propane-1,3-diol 3 (R* =R’ = Ph) [12]
failed, because Swern oxidation [13] of the corresponding diallylated compound 4 (R’ =
CH,=CH-CH,, R* = R’ = Ph) caused fragmentation with formation o
the other hand, preparation of 3-oxa-2,7-diazabicycio[3.3.0]Joctanes ent-7 (R* = R
possible in principle, as was exemplified by the synthesis of two compounds (R' =1tBu, R* =

CH,CH=CH,; R' = PhCH,, R’ = CH,=CH-CH,) starting from (S)-serine.
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Thus, with allyl bromide threefold allylation took place [6] providing the allylester of N,N-
diallylserine. Then the hydroxy group was protected by the trityl group before reduction of the
ester group yielded the partially protected amino alcohol 4 (Y = TrO-CH, instead of HO-CHz).
Swern oxidation of the unprotected group HOCR'R® (R* = R’ = H) followed by treatment with
R'NHOH and subsequent intramolecular 1,3-dipolar cycloaddition of the resulting nilrone
yielded the bicyclic compound which was finally deprotected to give the enantiomeric form of
7 (ent-T7) [14].

A shorter reaction sequence arises with the 1nexpens1ve purchaseable (7S, 25)-2-amino-1-
3-diol 3 (R* = Ph, R’ = H) as depi

¥, X=h) pIC i
ing compound 4 (R* = Ph, R’ = H) proceeds selectively at the primary alcohol
group no protection of the secondary alcohol group is required. Thus we decided to study the
formation of compounds 7 with various substituents R' and R® as well as with additional

substituents starting from (1S, 25)-2-amino- 1-phenylpropane-1,3-diol.

2.1 Preparation of the (1S, 25)-2-amino-1-phenylpropane-1,3-diols 11

N-benzylated compounds 9 (R’ = PhCH,). To this

via
d 8 was condensed with benzaldehy

de t
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imine which provided the secondary amine 9 upon reduction with sodium borohydride [15].
Reaction with allyl bromide or methallyl chloride yielded 11a or 11b, respectively (Scheme 3).
Direct allylation of 8 with allyl bromide [6] afforded only the diallyl compound 11¢, whereas

with methallyl chloride a mixture of 11d and the corresponding mono-allyl compound (R3 =H)
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was obtained which could be separated easily by column chromatography. Condensation of
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sodium borohydride provided compound 10 from which the tertiary amino compounds 11e,f
and g were accessible by formylation with ethyl formate [16], methylation with methyl iodide
or allylation with allyl bromide, respectively.

L )

2.2 Formation of the bicyclic compounds 12 and 13

Selective oxidation of the primary alcohol group of amino alcohols 11 could be achieved by

Swern oxidation [13}, The ggrrgspnnd ng aldehvdes were treated with N-tert-butvlhvdroxvl-
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dipolar cycloaddition to give the 3-oxa-2,7-diazabicyclo[3.3.0]Joctanes 12a-h and 13a,c,
respectively. Due to the two different dipolarophilic groups in 11g a mixture of compounds
12g and h arose from cycloaddition of the corresponding nitrone. Fivefold chromatographic
separation followed by recrystallization provided only 3% of 12g from which a crystall
structure determination could be performed, whereas 12h could not be obtained entirely pure.

Since the oxidation reaction does not proceed entirely selective, the yields of the cycloadducts

12 and 13 after chromatographic separation from by-products are usually only in the range

tweoon 20 and S50%. Neaverthelace +
L A% Lt \S ‘u A% L.
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protection of the secondary alcohol group would require four additional reaction steps
(successivesly protection of the primary group, protection of the secondary group, deprotection
of the primary group and finally after formation of the bicyclic compound deprotection of the

secondary group).

MNManllvlatinm AfF ramnniimde 170 and 12a wwage marfarmmad gith A_marnamtnbhameratis asdAd o 4+l
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presence of a mixture of dibenzylideneacetone palladium (0) complex (Pd(dba),) and 1,4-

bis[(diphenyl-phosphino)butane] (DPPB) [17] as catalyst giving compounds 12i and 13i,
respectively. Methylation of the latter compounds makes 12k and 13k easily accessible. In
addition to the general way 12f was also prepared by reduction of 12e with lithium aluminium
hydride.

All bicyclic compounds 12 and 13 were optically active. They were isolated as enantiopure
com_pounds. This is indicated from their 'H and C NMR spectra in which no signals of

diastereomers could be recognized. Since the enantiopure starting compound 8 contains two
mbmramaamin Aamtare frsasntingm ~Af Aingtaransaanne 10 aveanntad 1€ amna ~AF tlhaca 4xxrm ~msmdana sxrmail A
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be partially racemized in the reaction sequence.
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2.3 Structure
X-ray studies were undertaken with compounds 13a (Figure 1), 13c (Figure 2) and 12g (Figure
3)'. The five-membered rings of these bicyclic compounds exist in envelope conformation in
which the O-atom at position 3 and the N-atom at position 7 protrude in opposite directions
from the plane formed by the other four atoms of the respective ring. In 13a and ¢ the O-3 atom
is anti-orientated and the N-7 atom syn-orientated with respect to the H-atoms 1-H and 5-H at
the bridgehead carbon atoms (Type A). For 12g the opposite is true (Type B). The latter
compound forms an intramolecular hydrogen bond from the OH group to N-7, whereas in 13a

and ¢ such an intramoelecular hydrogen bond is missing. Obviously, this hydrogen bond is the
o el ottt Ol 11l o L NT M e L1t am 1 1 n3
reason Ior ine quasi-axial position ol Ine allyl group at IN-7 06 128, wihli€ 1n 15a and ¢ the
substituent is in quasi-equatorial position.
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Figure 1: Molecular plot of (aS, 1S, 58, 85)-(-)-(2,7-dibenzyl-3-oxa-2,7-diazabicyclo[3.3.0]-

oct-8-yl)-phenylmethanol 13a; Selected bond lengths [A]: C1-N2 1.469 (6), C1-C5 1.551 (6),

C1-C8 1.542 (6), N2-O3 1.465 (5), 03-C4 1.433 (6), C4-C5 1.516 (7), C5-C6 1.494 (7), Cé-
A

lhamAd nnalas P NI M1 ML 1NT &
UULIW aliglTd | |, INL=CUI-Co 1uU/.0

7
1 03.0 (3), N2-03-C4 106.8 (3), 03-C4-C5 105.1 (4), C4-
6 103.7 (3), C5-C6-N7 105.0 (4), C6-N7-C8 103.1 (3), N7-C8-C1

! The atomic coordinates and additional data such as bond lengths and angles for this work are available on request from the Director
of the Cambridge Crystallographic Data Centre, University Chemical Laboratory, Lensfield Road, Cambridge CB2 1EW. Any request
should be accompanied by the full literature citation for this communication.
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.0]oct-8-yl)-phenylmethanol 13e¢; Selected bond lengths [A]: C1-N2 1.477 (2), C1-C5
1.548 (3), C1-C8 1.531 (3), N2-O3 1.449 (2), O3-C4 1.430 (3), C4-C5 1.524 (3), C5-C6 1.528
(3), C6-N7 1.471 (3), N7-C8 1.483 (2), C8-C9 1.529 (3); Selected bond angles [°]: N2-C1-C5
107.33 (16), C5-C1-C8 106.34 (16), C1-N2-0O3 103.25 (14), N2-O3-C4 106.97 (15), 03-C4-

F!g_!rg 2: Molecular nlm of (n_'? 18, 35S, & (\( allvl 2-benzv l 3-oxa-2,7-diazabicyclo-
[3.3

C5 105.21 (18), C4-C5-C1 102.25 (17), C1-C5-C6 103.36 (17), C5-C6-N7 104.87 (16), C6-
AT O 1NAIY 1LY N7 MO M1 1NN NO 718N
IN/-CO U4 .JL[I.J}, IN/=-LUO-U 1 IUA./.O\l.))

Figure 3: Molecular plot of (aS, 1S, 45, 5S, 85)-(-)-(7-allyl-2-tert-butyl-3-oxa-2,7-diaza-
bicyclo[3.3.0]oct-8-yl)-phenylmethanol 12g; Selected bond lengths [A]: C1-N2 1.485 (4), C1-
C5 1.543 (4), C1-C8 1.543 (4), N2-03 1.481 (3), 03-C4 1.421 (3), C4-C5 1.543 (4), C5-C6

TV

1.537 (4), C6-N7 1.483 (4), N7-C8 1.466 (4), C8-C9 1.551 (4); Selected bond angles [°]: N2-
C1-C5 104.0 (2), C5-C1-C8 103.6 (2), C1-N2-03 103.0 (2), N2-03-C4 102.48 (19), 03-C4-C5
103.9 (2), C4-C5-C1 103.4 (2), C1-C5-C6 105.9 (2), C5-C6-N7 106.6 (2), C6-N7-C8 104.2
(2), N7-C8-C1 107.5 (2)
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the aid of the Karplus equation [18] (Table 1). A
coupling constants is good, the coupling constants of the other compounds 12 and 13 can be
used for conclusions on their conformations. (NMR data see Tables 2-4)

able 1
Selected torsional angles ¢ of compounds 13a,¢ and 12g and comparison of 'H NMR coupling

constants (Hz) with theoretical values calculated from the torsional angles with the aid of the

Karplus equation”

2
-~

[y

12a
ioa

[}

[y

b
<

[0} (D) Jcalcd. Jfound ¢ (o) Jcalcd. Jfound 0 (O) Jcalcd. Jfound
1’-H/5’-H 1.2 8.2 7.9 2.2 8.2 8.3 -2.0 8.2 8.5

I'-H/8°-H  -150.6 6.9 & -1503 6.9 47 930 0 2.1
4o°-H/5’-H 22.1 7.0 6.4 21.3 7.1 6.6 - - -
4p°-H/5-H -985 0 1.9 995 0 2.1 1522 72 74
5-H/60’-H 268 6.5 82 235 69 8. -19.0 73 7.4

5’-H/6F’-H 147.6 6.5 8.1 1444 6.0 8.0 103.3 0.2 3.4
¥ See reference [18] ” not detected
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is indicated by the small values for the coupling constants J 4f3/5 < 2.5 Hz and the large
difference between the chemical shifts for 6a-H and 6B-H (A8 60-H/6B-H: 0.69-1.00 ppm)
[19]-[21]. On the other hand, for compounds 12b,d and f substituted at C-4 or C-5 a
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value for J 43-/5 (12f: J 4p3/5 = 7.3 Hz) or by a small difference for Ad 6a-H/6B3-H (12b: 0.12,
12d: 0.29 ppm). Presumably 12e belongs also to the latter type of compound (J 4B/5 = 8.8 Hz),
however, the situation is somewhat d]fferent because the N-7 atom substituted by the formyl

o1, tllb Lialiivl * JAltlloil Ubudulo Liiu Vil oLl vy v 1Y

group is sp>-hybridized in contrast to the sp’-hybrid N-atom of the other compounds.
A comparison of the NMR data of compounds 12i/13i (R’ = H) with those of the
corresponding N-methyl derivatives (R> = Me) reveals considerable differences in AS 60/6p

(12i: 0.27, 13i: 0.31 vs 12k: 0.85, 13k: 1.00 ppm) as well as in the coupling constants *J 4f/5

(19, S0 12:. A2 ;00 17215, \ mem ,13] C//Q 1237 4 12:2.7Q +7oo 17L. 0N 12,.. O O
\J.Ll. .7, 101 .0 VD 1&Rh. ™ 4, LOK. <2 1Z ) an vp \.lLl .U, IJI LZ.0 VO 1&Rh. 7.U, 1JRK. 0.7
Hz). For this reason the former seem to belong to the conformers of type B. (In principle,

however, the criterium of Ad 6a/6 is not quite unambigious in this case. If the H-atom at N-7,
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Table 2
Selected 'H NMR chemical shifts § (in ppm) of compounds 12 and 13 in CDCl?

1-H 4a-H 4B-H 5-H 6c-H 63-H 8-H CHOH
12a  3.86 3.97 3.70 3.17 3.23 2.54 3.31 4.80
12b  3.39 3.73 3.65 - 2.82 2.70 3.34 4.77
12¢ 3.70 3.88 3.62 3.06 3.27 2.45 3.04 4.46
12d  3.32 3.70 3.63 - 2.90 2.61 3.18 4.67
12¢  4.09 - 4.36 3.04 4.00 3.33 3.84 4.90
12f  3.87 - 4.74 2.94 3.27 2.79 3.14 4.58
12¢  3.76 - 4.70 2.93 3.22 2.91 3.24 4.30
12h  3.76 3.91 3.64 3.0-3.2 334 2.56 3.0-3.2 4.62
12i 3.53 4.07 3.45 3.06 3.07 2.80 3.16 4.29
12k 3.83 3.88 3.62 3.08 3.24 2.39 2.84 4.70
132 3.60 4.04 3.65 3.05 3.15 2.29 3.03 4.43
i3¢ 3.51 4.04 3.66 3.10 3.35 2.36 2.92 4.33
13i 3.41 4.18 3.60 3.15 3.19 2.88 3.23 4.28
13k 3.63 4.10 3.72 3.16 3.34 2.34 2.71 4.40
2 Additional chemical shifts see Experimental
Table 3
Selected "H NMR coupling constants J (in Hz) in CDCl,

Tis 18 4a0/5  4p/5 5/60.  5/68  8/CH  *J4a/4p 60/6p
122 7.8 3.1 6.1 <2 8.0 8.6 <2 8.0 9.0
12b - 2.8 - - - - 2.5 8.2 9.7
12¢ 8.0 3.2 6.2 2.4 7.8 7.8 2.9 8.2 9.9
12d - 2.8 - - - - 2.7 8.2 9.8
i2Ze 92 <1 - 8.8 <1 7.0 4.0 - 12.2
12f 8.7 3.4 - 3 7.3 4.9 3.8 - 10.6
12g 8.5 2.1 - . 7.4 . 6.3 - 11.5
12h 8.0 3.4 6.2 2.4 7.8 8.0 2.8 8.1 9.9
i2i 8.0 1.6 7.7 5.9 7.0 2.6 8.2 8.1 9.8
12k 8.3 4.3 6.2 8.2 9.0 <1 8.1 8.9
132 7.9 - 6.4 1.9 8.2 8.1 2.5 8.8 9.5
13¢ 8.3 4.7 6.6 2.1 8.1 8.0 3.3 8.8 99
13i 7.7 2.8 7.6 4.3 7.4 2.8 7.6 8.7 11.5
13k 8.5 5.6 6.2 2 8.4 8.9 2.2 9.0 8.9
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-[21]). Surprisingly after long storage of a sampie of 12i an additional
ed (6 6a-H = 3.69, 6 6p3-H = 3.08 ppm; J 4p/5 =3.6,J 5/68 = 5.2 Hz). For
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everal conformers must be assumed that undergo a fast conversion
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Table 4
Selected *C NMR chemical shifts § (in ppm) of compounds 12 and 13

C-1 C-4 C-5 C-6 C-8 CHOH R'
122 77.1 72.7 48.8 58.6 69.2 71.3 26.6 59.5
12b  75.6 78.4 55.79  64.3 79.0 70.9 26.6 61.29
12¢  76.2 72.6 48.7 5829 688 71.2 26.3 59.2
12d 755 78.2 56.6% 64.1 79.0 70.9 26.6 59.2¢
12¢ 749 83.7 45.5 56.1 67.1 71.3 25.7/28.0° 58.3/58.5°
12f  76.7 84.5 56.8 59.1 70.1 70.5 25.8 58.0
12¢ 752 84.7 58.1 59.8 69.5 70.8 25.6 58.0
iZh 76.2 72.8 48.8 58.4 68.9 71.3 26.5 59.4
12i 70.79 72.1 50.2 48.3 66.4 72.09  25.1 58.2
12k 78.0 73.0 48.3 62.5 69.5 70.6 26.7 59.4
132 750 703 460 606 746 716  59.4°
13¢ 749 70.4 46.4 60.5 74.0 72.0 59.0

13i 73.6 71.7 49.3 51.0 70.8 71.8 60.5
13k 75.1 70.0 46.0 63.2 76.2 71.7 60.4
¥ Additional chemical shifts see Experimental ® 12: R! = C(CH;);, 13: R' = CH,Ph © An

e f the JRIE TRRSU-SRE I DI ) BY-Y S0, PN - I S o INVE) T e 1 L
Opp()SlIC aSSlgl’lm 1 tne two vaiues is pUbblUlC O V0.0 (dCC D)&[)UIIIIICULdL) 111C S1EI1dIS O1
H —_— = s
two rotamers were observed ~ or 59.5 (see Experimental)

2.4 Enantioselective catalysis

Most of the bicyclic enantiopure f-amino alcohols 12 and 13 catalyze the addition of
diethylzinc to benzaldehyde forming chiral complexes with diethylzinc. However, the
enantioselectivity of this reaction achieved with compounds 12 and 13 is low. (Table 5) The

best result was achieved with 12¢ which afforded 1-phenylpropane-1-ol in 98% yield with an

VS Qo w-*.. o [ R R o g ] 2wl AVp/ally 1L 70 vl all

excess of 79% S-enantiomer. Replacement of the N-tert-butyl group (R' = tBu) of 12¢ by the



7vl oroun (R' = PhCH.) in 13¢ reduced the enantiomeric axcace dramatically ac did alen
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ICplacement o1 e aityl group o1 14C (N = auyl) y T,ﬂe Denzyl group ln lla Dubstlments
. 3
H (12i) and R” = Me (12K) diminish the enantiomeric excess also as compared to 12¢

Table 5
Enantioselectivity of the addition of Et,Zn to benzaldehyde in the presence of catalytic

amounts of $-amino alcohols 12 and 3%

compound yield (%) ee (%) conf.”

12a 37 28 S

i2¢ 98 79 S

12i 68° 67 N

12k 827 56 )

13¢ 89 22 S

2 150 mol% Et,Zn, 6 mol% of 12 or 13, 0°C b configuration of the enantiomer preferently
formed © in addition 6% of benzylalcohol is formed ¢ in addition 3% of benzylalcohol is
formed

3 Experimentai

Elemental analyses were performed by the division Routine—Analytik, Fachbereich Chemie,
i i orded with following instruments: NMR: Rruker AMYX

AVAZ AVRIS VY IAAE ARIOVA WBILIVIIWD . L NIVALN, ASLVINCL L MVELN

raY AL\ ANN I'I

~~ N AN r© 131'\ rasd .y -y A
00 and Bruker AC 300 l.lSlI]g the residues of (o= /.4)0oror L (o= //.Uppm)

N
<
FD
>
<
N

of the solvent CDCl; as internal standard. As far as not stated otherwise 'H NMR spectra were
recorded at 300 MHz, the BC NMR spectra at 75 MHz, with CDCl; as solvent. MS: Varian
CH7 (EI) and 711 (FD). Optical rotations: Polarimeter Perkin Elmer 241, at 589 nm. X-ray: 4

11U b= A AN i1l LA

3.1.1 Formation of imines

Dam—raldahkirda Av Atmmnmanmurlaldabsrda N NE sl sxrne addad ¢4 A amlii4ine ~FQ /02L ~ NNE I
DT 11_‘alucuyuc Ul UlilL 14111)141u511yuc \V.VJ 11Ul ) wdd audutd LU a SuluLivuil uiL o \O 20 g, u.uo lIlUl)
in Et,O (250 mi). The reaction mixture was stirred for 24 h at room temperature. Afterwards

50
the solution was concentrated and stored at -20°C until the imine crystallizes.



(18. 28)-(+)-2-(Renzvlideneamino)-1-nhenvinronane-1_3-dinl: Yield: 12.05 o (98%) colour-
(15, 23)-(T)-Z-(Benzylideneamino)-1-phenyinropane-1,3-diol: Yield: 12.05 g (98%), colour
| P 10 e laéan a n LN ANDS o iardrzsen xx7: f'de ] L .1 g, | A AN el 1 l'lT ATR AT .
less solid. Exists as a 60:40% mixture with (<, .)-u1p1 yl-uxaz.uuuul-q yymetnanol. 1 NMR:

=3.19 (dt, *J = 8.1 and 3.3 Hz, 1H, NCH), 3.58 (dd, ’J = 11.6, *J = 3.7 Hz, 1H, CH,OH), 3.79
(dd, ’J=11.6, 31=33 Hz, 1H, CH,OH), 4.81 (d, e 8.1, 1H, Ph-CHOH)), 8.15 (s, 1H, N=CH),
7.12-7.36 (m, 10H, Ar-H) and signals of the oxazolidine tautomer at 3.27 (q, ’J=58Hz, 1H,
NCH), 3.98 (dd, 2J = 8.3, °J = 6.1 Hz, 1H, CH,OH), 4.43 (dd, 2J = 8.3, ] = 6.2 Hz, 1H,
CH,OH), 4.73 (d, °J = 6.1 Hz, 1H, OCH-Ph), 5.54 (s, 1H, N-CHO). *C NMR: & = 58.4 (N-
CH), 61.6 (CH,OH), 73.7 (Ph-CHOH), 164.6 (N=CH) and signals of the oxazolidine tautomer

at 58.6 (N-CH), 61.4 (CH,OH), 72.1 (Ph-CHO), 93.1 (N-CHO) + Ar-C between 125.8 and
129.1 and at 140.5 and 140.9.
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5 L

CH—CHPh) 691 (d -”J— 16.0 Hz, 1H, CH=CHPh), 7.20-
7.41 (m, 10H, Ar-H), 7.86 (d 3J— 8.4 Hz, 1H, N=CH). "C NMR (CD;0D): § = 62.9 (C-3),
73.8 (C-2), 77.7 (C-1), 143.6 (CH=CHPh), 166.2 (N=CH), 126.5-129.4, 135.2, 141.5 (Ar-C +

CH=CHPh). MS (EI): m/z (%): 285 (5) [M']. C1sH;sNO, (281.4) Caled C 76.83 H 6.81 N 5.00
Found C 76.63 H 6.71 N 4.92.

1
)

min. and subsequently stirred at room temp. for i h. Then 6 M NaOH (0.1 mol) was added
dropwise at 0 °C. After evaporation the residue was extracted with Et,O ten times. After the
organic solution had been dried with MgSQOj, the solvent was evaporated.

(1S, 25)-(+)-2-(Benzylamino)-1-phenylpropane-1,3-diol (9): Yield: 6.66 g (65%), colourless
solid. "H NMR: & = 2.30 (s, broad, 2H, OH), 2.77 (m, *J = 3.7, *J = 7.1 Hz, 1H, 2-H), 3.35 (dd,
2y=11.1,% = 3.4 Hz, 1H, 3-H), 3.64 (dd, *J = 11.1, °J = 3.7 Hz, 1H, 3-H’), 3.66 (d, 2] = 12.9
Hz, 1H, CH,Ph), 3.78 (d, J = 12.9 Hz, 1H, CH,Ph, 4.63 (d, °J = 7.1 Hz, 1H, 1-H), 7.20-7.38

1IN A+ IN BAoNmmDR. S = €1 £ (MMW_CTILY &0 1 (2 KA1 (CD
\lll, lUll, VoV S 11} o INIVIIN. U 1.0 \J. 11 \,zllzj, Uv.1 \\/ J}, Usr. 1 \\z )

(Ar-C).

7% 7
J.d

AY 1Y 17246 27.17Q &
i

{
(L-1), 1£0.£-140.5

(1S, 25)-(+)-2-(3-Phenylprop-2-enyl)amino-1-phenylpropane-1,3-diol (10): Yield: 10.54 g

~~ 19 crﬂf\ 1 r\ Ta T Iry axma sy

TP LA 1 1 i B | 1inc- 0O r,,.1 e NY TY FAOUTNY TR S
(93%), colourless soiid, m.p. 105 °C, [oj, = +67.2 (¢ = 1.0, EtOH). N (CDs0D): 0 =



Il
=2
[}
S

|
-
h
[y

6
.10-7.29 (m, 10H, Ar-
( 1

~

fMILI—/"LIDL }

3.2 Preparation of the N,N-disubstituted 2-amino-1-phenylpropane-1,3-diols 11

A solution of the amino alcohol 8 or 9a, 10 (0.05 mol), allyl bromide (24.22 g, 0.2 mol or
12.11 g, 0.1 mol, resp.) and K,CG5 (27.56 g, 0.2 mol) in water (200 ml) was stirred for 24 h at
room temp.. Subsequently the reaction mixture was extracted with Et,O (3x) and the organic
solution was dried with MgSO,. Removal of the solvent yielded compounds 11¢ or 11a,g,
respectively.

AT AT Wwnr

(1S, 28)-(+)-2-(N,N-Dialiylamino)-i-phenyipropane-1,3-dioi

(iic): Yield: 87%, colourless
crystals, m.p. 41-44 °C, [a]” = +23.3 (c = 1.0, EtOH). 'H NMR:

4.1 Hz. 1H. 2-H). 3.27 (dd 2 = 14.0.%1 = 7.5 Hz. 2 I-CH,). 3.36 (dd :11A3T;A1Hq
LLL, IJI,L- III’J i \u\" o L Talsy g T aud R ALy Adll’ 1NN R j’ ot et \uu, J.l-U’ J T.1 1 by
rr\vr\'\nn/ll 2T=11 3 T, TT 2 TTN DN 71 1. 21’_1,«1\ 37_1-,441__»\ TY
1H, 3-H), 3.48 (ad, “J =11 H, 3-H’), 3.50 (ddt, "J = 14.0, ' J = 5.4, 'J = 2.4 Hz,

.6 . 4
2H, N-CHy,), 4.39 (d, °J = 9.8 Hz, 1H, 1-H), 5.20 (m, 4H, CH=CH>), 5.86 (m, 2H, CH=CH),),
7.26-7.33 (m, 10H, Ar-H). >C NMR: 8§ = 53.5 (N-CH,), 59.0 (C-3), 66.6 (C-2), 71.5 (C-1),
117.7 ((‘I—I—(‘Hn\ 136.5 ((’H—(‘F—L‘l 127.0, 128.0, 128.5, 142.0 (Ar-(“\ MS (FD): m/z (

fad e N N ) 1200 AT N2 22 250,V 2400 LR T s> 1115

247.9 (9) [M'], 495.0 (92) [2M], 741.9 (100) [3M"].

(1S, 25)-(+)-2-(N-Allyl-N-benzylamino)-1-phenylpropane-1,3-diol (11a): Yield: 87%,
colourless oil, [a] =+65.7 (¢ = 1.0, EtOH). 'H NMR: & = 2.94 (ddd 1=9.7,7.8,4.0 Hz, 1H,

2-H), 3.27 (dd, 2j = 14.1,*1 = 7.9 Hz, 1H, CH,-CH= CH,), 3.38 (dd, =117, ’J=4.0 Hz, 1H,
3-H), 3.47 (ddt, Y = 14.1, > = 6.9, “T = 1.4 Hz, 1H, CH,-CH=CH}), 3.51 (dd, J=11.7,°1=7.8

Hz, 1H, 3-H1), 3.72 (d, *J = 13.3 Hz, 1H, CH,Ph), 4.04 (d, 2J = 13.3 Hz, 1H, CH,Ph), 4.40 (s,

broad, 1H, OH), 4.44 (d, °J = 9.7 Hz, 1H, 1-H), 5.20 (m, 2H, CH=CH,), 5.84 (m, 1H,
CH=CH,), 7.19-7.32 (m, 10H, Ar-H). "C NMR: & = 53.4 (CH,-CH=CHy,), 54.8 (CH,Ph), 59.0

(C-3), 66.2 (C-2), 71.6 (C-1), 118.0 (CH=CH,), 136.4 (CH=CH,), 127.0-129.1, 139.1 (Ar-C).
MS (ED): m/z (%): 297.9 (12) [M'], 594.9 (100) [2M'], 891.9 (34) [3M']. C1sH»NO, (297.4)
Caled C 76.75 H 7.80 N 4.71 Found C 76.83 H 8.03 N 4.79.



(1S, 25)-(+)-2-[N-Allyl-(3-phenylprop-2-enyl)amino]-1-phenylpropane-1,3-diol (11g):

Yield: 84%, brown oil, [a], =+60.1 (¢ = 1.0, EtOH). 'H NMR (500 MHz): 5 = 3.08 (ddd, ’J =
9.7,7.7, 4.1 Hz, 1H, 2-H), 3.40 (dd, *J = 14.0, °J = 7.3 Hz, 1H, CH,-CH=CH,), 3.46 (dd, %J =

11.6,°J = 4.1 Hz, 1H, 3-H), 3.51 (dd, %J = 14.0, °J = 7.4 Hz, 1H, CH,-CH=CHPh), 3.57 (dd, J
=11.6,°J = 7.7 Hz, 1H, 3-H’), 3.61 (dd, >J = 14.0, *J = 5.6 Hz, 1H, CH,-CH=CH,), 3.72 (dd, 2J

14.0, °J = 5.8 Hz, 1H, CH,-CH=CHPh), 4.51 (d, °J = 9.7 Hz, 1H, 1-H), 5.26 (m, 2H,
CH=CH,), 5.94 (m, 1H, CH=CH,), 6.30 (m, 1H, CH=CHPh), 6.58 (d, °J = 15.9 Hz, iH,
CH=CHPh), 7.27-7.43 (m, 10H, Ar-H). °C NMR: § = 53.1 (CH,-CH=C), 53.8 (CH,-C=C),
1 (C-3), 66.9 (C-2), 71.6 (C-1), 118.0 (CH=CH,), 133.0 (CH=CH,), 136.3 (CH=CHPh),

, 141.9 (Ar-C + CH=CHPh). MS (FD): m/z (%): 342 (38) [M'+1], 647 (100)

LR P O YA A

(1S, 28)-(+)-2-[N-Benzyl-(2-methylprop-2-enyl)amino]-1-phenylpropane-1,3-diol (11b):

was prepared with 3-chloro-2-methylprop-1-ene as described for 11a, however, the reaction

I-
d: 69%

0.66), light-yellow crystals, m.p. 67 °C, [a], = +67.6 (¢ = 1.0, EtOH). 'H NMR: & = 1.79 (s,
3H, CH;), 2.94 (m, 1H, 2-H), 3.26 (d, *J = 13.2 Hz, 1H, CH,-C(CH;)=CH,), 3.31 (d, 2J = 13.2
Hz, 1H, CH,-C(CH;)=CH,), 3.33 (dd, *J = 11.7,° 1 =4.1 Hz, 1H, 3-H), 3.55 (dd, T =117, %1 =

L4 2123 w122 e v 4 Aiiy aa iy v W

7.4 Hz, 1H, 3-H’), 3.68 (d, *J = 13.1 Hz, 1H, CH,Ph), 4.06 (d, 2J = 13.1 Hz, 1H, CH,Ph), 4.52
(d, ’J = 9.8 Hz, 1H, 1-H), 4.97 (s, 1H, C=CHj,), 5.01 (s, 1H, C=CH,), 7.20-7.36 (m, 10H, Ar-
H). °C NMR: & = 20.6 (CHs), 54.6 (CH,Ph), 56.9 (CH,-C(CH;)=CHy,), 58.7 (C-3), 65.0 (C-2),
71.5 (C-1), 114.6 (C(CH;)=CHy,), 139.0 (C(CH;)=CH,), 127.3-129.3, 142.0, 142.7 (Ar-C). MS

(EFY- m/7 (%) 311 (6 ﬂ\/f’w
\1_41)- llUL\/U/n Jl.l.\ L.LVL

‘
mixture was stirred for 24 h at 60 °C. Yiel
141 5 Y A AN WVIAL WA A Wi

AOaLUL v ViA A T X u i

[

|——|

Reaction of amino alcohol 8 (0.05 mol) with 3-chloro-2-methylprop-1-ene (0.2 mol) and
K,CO; (0.2 mol) in water (200 ml) at 60 °C afforded after 72 h reaction time a 1:8-mixture of

the mono- and dlallvlated nmdml ts. S@pa_m ion hv chrnmatncrmnhv (t_hntvlrnpfhvl ether, Ry =

Lily 111V Mraiyi Vi

gave a Light_va il 3:m 770/ <1ald
avic d ugur_ycuuw OiLinn /7 /70 Yiviu.

(IS, 25)-(+)-2-[N,N-{Bis-(2-methylprop-2-enyl)}amino]-1-phenylpropane-1,3-diol (11d):

‘c
o

22
[a]) = +40.9 (c = 1.0, EtOH). '"H NMR: § = 1.78 (s, 6H, CHa), 2.61 (s, broad, 1H, OH), 2.87
Im 1TH 2. 1Y 20 (4 2T=1‘2A’LI:7 2 NOCHY 2721 LT 2.1y 2 29 7d 21 12 4 U 2T
\ill, i1, 4731J), J.VO \M, J LI 1ALy LXdy INTALDJy J.J1d \xu, “dl, JTh1), J.J4L\U, J 10.%4 114, 4I'l,

N-CH,), 4.40 (d, °J = 9.8 Hz, 1H, 1-H), 4.71 (s, broad, 1H, OH), 5.11 (s, 4H, C(CH3)=CH,),
7.22-7.31 (m, SH, Ar-H). *C NMR: § = 20.5 (CHs), 56.6 (N-CH,), 57.7 (C-3), 64.2 (C-2), 70.8
(C-1), 114.3 (C(CH;)C=CH,), 142.0 (C(CH,)=CH,), 126.9, 127.6, 128.2, 142.4 (Ar-C). MS
(FD): m/z (%): 276 (9) [M'+1], 551 (100) [2M'+1], 826 (53) [3M*+1].
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(1S, 25)-(+)-(2-Methylprop-2-enyl)amino-1-phenylpropane-1,3-diol was isolated in 9%

21
cail (v = 22072 72 — 1 0 eI 1T AL

| PR . AM. S — 1 £0 /e
1UOW U1, L\LJD — TRZ.0 VT 1LV, LAVIL). 11 INIVIIN. O T 1,07 (5, O11

aq light-vel
yield (Ry = 0.20) as light-yell

CHs), 2.66 (dt, °J = 7.4, 3.8 Hz, 1H, 2-H), 2.99 (d, ’J = 14.2 Hz, 1H, N-CH,), 3.13 (d, 2J = 14.2
Hz, 1H, N-CH,), 3.23 (dd, °J = 11.3, > = 3.8 Hz, 1H, 3-H’), 4.56 (d, °J = 7.4 Hz, 1H, 1-H), 4.81
(s, 2H, C(CH3)=CHp), 7.22-7.34 (m, 5H, Ar-H). *C NMR: & = 20.3 (CHs), 52.9 (N-CH,), 59.1
(C-3), 63.5 (C-2), 72.8 (C-1), 111.2 (C(CH;)—CHZ) 142.0 (C(CH3)=CH,), 126.4, 127.4, 128.1,

AAAAAA A WL VA 9 Y /™o SO T ANy reas ot

143.2 (Ar-C). MS (FD): m/z (%): 222 (35) [M'+1], 443 (70) [2M'+1], 664 (100) [3M +1].

(IS 28)- (+)-N-[(1 Dlhydroxy-l-phenyl)prop-2—yl]-N-(3 henylprop—Z—en- -yl)form-
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recrystallization from THF affords 11e. Yield 6.07
, EtOH). As is indicated by the !
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' . ) and ethyldiisopropylamine
(12.0 g, 0.022 mol) in CHCl; (100 ml) was refluxed for 6 h. Then the reaction mixture was
washed with water (3x 50 ml). After the organic layer had been dried with MgSQOj, the solvent
was removed. Recrystallization from EtOH afforded colourless crystals, m.p. 100 °C. Yield

4.04 g (68%), [a]. =+92.1 (c = 1.0, EtOH). '"H NMR: & = 2.43 (s, 3H, CHs), 2.76 (ddd, *J =
9.7, 8.3, 4.1 Hz, 1H, 2-H), 3.33 (dd, 2J = 11.4, °J = 4.1 Hz, 1H, 3-H), 3.46 (ddd, 2J = 13.9, ] =
6.8, *T < 2 Hz, 1H, CH,-CH=CHPh), 3.49 (dd, *] = 11.4, °J = 8.3 Hz, 1H, 3-H"), 3.58 (ddd, *J =
13.9, °] = 6.4, *T < 2 Hz, 1H, CH,-CH=CHPh), 4.39 (d, ’J = 9.7 Hz, 1H, 1-H), 6.27 (dt, 'T =

1Y MNIr_rImnk\ « A 37—- 1& IT> 11T MNIT—, 7
Lo ririiy, v. JL W, J— 10, O Iz, 111, \zﬂ""\/llf.u), l 1.1 i .)0 \l.l.l, 1un, 1‘\!‘

5 I,
H). Bc NMR & = 36.5 (CH;), 58.0 (N-CH,), 58.6 (C-3), 70.2 (C-2), 71.4 (C-1), 132.4

1249-127 1263
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(CH=CHPh), 126.2-128.5, 136.9, 141.

I=CHPh), 126.2-12 18 ¢( 1 \

75 ey A SRS s A \Lu bl A A A AL ll/ Yi 2 Y 1 l

T LT N1 2QQ FAZLN TARAYL1T €OC 78N TANAT L 1T OOA £ALN FANAT L 17 74 IT NT  rAanm= 4 ~ 1 3
L 10l |, £470 (0) [IVE T, 070 (/3) [V T1], 852 (40) [OM T1]. UygH3NU, (£97.4) Calcd

A solution of dimethyl sulfoxide (2.1 g, 26.6 mmol) in CH,Cl, (20 ml) was added dropwise to
a solution of oxalyl chloride (1.76 g, 14 mmol) in CH,Cl, (50 ml) at -78°C under nitrogen.
mino alcohol 11 (13.3 mmol) in CH,Cl

After 10 min a solution of the ¢

at 7 TROM lafAwra

at 70 O UCLUIC
~
C

2

was added. Subsequently the temp. was raised to 0°C, then water (0.25 mi, 14 mmol) was
added for hydrolysis. Successively MgSO, (approxim. 3 g) and N-tert-butylhydroxylamine or
N-benzylhydroxylamine hydrochloride (13.3 mmol) were added. The reaction mixture was

stirred for 3 d at room temp.. After filtration the organic layer was washed with water twice and

then dried with MgSQ,. After removal of the solvent the crude product was purified either by
recrystallization or by column chromatography on silicagel.

athannl (12a) ash chromatooranhvy (FtOAc/netrgleum ether 11 R N0 T71Y vallawr il
EIAVOAIGRIEIVE Ay, L1001 VILVILULWWELGEIILY \LJ\sL 1w1yuuuluulu uJ. Vi L.ly AINf V.71), yviliUw VUll,
yield 45%, [OLJD =+13 (c = EtOH). 'H NMR (500 MHz): see Tables 2/3. Additional
signals: 8 = 1.14 (s, 9H, tB ) 328 (d, 2 = 13.0 Hz, 1H, CH,Ph), 3.57 (d, J = 13.0 Hz, 1H,
CIIDhY 7997 £0 (1 10TT A« IN BANMD . con Tahla A AAA4T a1 oo T S £0 A 70TT
LAIQULLfy falsm .07 U], 1VL1, AALSI1). U INIVING DEC 14auiC 4. AGUIU01dlL Sigiais: 0 = 0U.L \L,UQ-
Ph), 125.4-128.6, 139.0, 143.6 (Ar-C). MS (EI): m/z (%): 260 (65) [M'-C;H;0], 91 (100)
[C;H;']

(S 7€ §C 2O\ (VAT Ranrvl .V tort_hntvl_ S_mathvul_q_ava ) T_.diazahiauslal?2 2 N1ané Q
\LaiTy Kidy Jidy QLI o 77 7/ TAPVELY ITATNE LT L Y ITOTMAVUH Y ISOTUA AT Ly / TULIAZAUIL Y LIU [ I 5. U JULL-0~

T s 1

yi)-phenyimethanol (i2b): After two chromatographic separations (EtOAc/petroleum ether
1.2, Ry = 0.58; EtOAc/petroleum ether 1:6, Ry = 0.15) and recrystallization from petroleum
h

%), [a]> =-9.1

mn 114 °C Yield 0 27
Jll.r’v A A0 . A AWAINE Voedw | , L

(c = 1.0, EtOH). 'H NMR

E A2 LlL\J.Ll,]. il X‘IJ.VLL\.

.
[

g (5
see Tables 2/3. Additional signals: 8 = 1.10 (s, 9H, tBu), 1.19 (s, 3H, CH,), 3.24 (d, °J = 13.0
Hz, 1H, CH,Ph), 3.55 (d, 2J = 13.0 Hz, 1H, CH,Ph), 7.20-7.32 (m, IOH, Ar-H). °C NMR: see
Table 4. Additional signals: § = 21.8 (CHs), 56.4 (CH,Ph), 125.4-129.4, 143.7, 149.3 (Ar-C).
MS (FD): m/z (%): 380 (42) [M']. C:H3,N,0; (380.5) Caled C 75.76 H 8.48 N 7.36 Found C

75.56 H8.38 N 7.15.
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) tography (Et,0, R = 0.75),
+27.9 (c = 1.0, EtOH). 'H NMR: see Tables 2/3. Additional 51gnais 8 =0.89 (s, 9H, tBu), 2.75
(dd, 2T = 13.9,°J = 7.5 Hz, 1H, CH,-CH=CH,), 2.87 (ddt, 2J = 13.9, 31 =52, I = 1.5 Hz, 1H,
CH,-CH=CH,), 4.90 (m, 2H, CH,-CH=CH},), 5.60 (m, 1H, CH,-CH=CH,), 7.12-7.33 (m, SH,

Ar-HD B3C NMR: see Table 4 Additonal sienals: 8§ =52 2 or 58 2 (CH..CH=CH 16 R (C
Ar-11j. U ivivall 8€€ 1a018 4. AGdiional Siglil ais: o JO.J Ul J0.4 \\,ng-\,rr—x,ny, 1 10.0 (LI~

CH=CH,), 135.2 (CH,-CH=CH,), 125.4, 126.8, 128.1, 143.4 (Ar-C). MS (FD): m/z (%): 315.9
(100) [M'], 633.0 (95) [2M'], 948.9 (95) [3M']. C1sHzsN;0; (316.4) Caled C 72.12 H 8.92 N
8.85 Found C 71.90 H 8.30 N 8.35.

o0

(a8, 18, 58, 85)-(-)-[2-tert-Butyl-5-methyl-7-(2-methyiprop-2-en-1-yi)-3-oxa-2,7-diazabi-

cyclo[3.3.0]oct-8-yl]-phenylmethanol (12d): Recrystallization from petroleum ether,
colourless needles, m.p. 103 °C, yield 0.08 g (20%), [Ot]i2 =-23.0 (c = 1.0, EtOH). 'H NMR:
see Tables 2/3. Additional signals: 6 = 1.05 (s, 9H, tBu), 1.35 (s, 3H, CH3), 1.64 (s, 3H, CH;),
2.76 (d, 2J = 13.5 Hz, 1H, N-CH,), 2.78 (d, 2J = 13.5 Hz, 1H, N-CH,), 4.71 (s, 1H, C=CI1,),

4.74 (s, 1H, C=CH,), 7.17-7.39 (m, 5H, Ar-H). C NMR: see Table 4. Additional signals: & =
n ((“_("I—T ) 14’2 R (M= ‘2),

H-). 2 CH-)-) 112
et NS \ A A l E SR \VLL - MY \V\VA.‘- }J}, 2 \A A A ’ A A e P SN P \\/ A0 §
138 A 1L O 10 " TADY N 7 A . M) NAC /TTY) N S ) VAR YAA 1NN r\rh el TT NT o\ ST A A N\
123.4, 1209, 126.2, 145.0 (Ar-C). MO (rU): mvz (70): 544 (100) [M . Ty H3N,O, (344.5)
Caled C73.22H936 N8.17 Found C 73.04 H9.21 N 7.96
(as, 18, 45, 58, 85)-(+)-(2-tert-Butyl-7-formyl-4-phenyl-3-oxa-2,7-diazabicyclo[3.3.0] oct-
Q N\ mhangvinmiathanal 1%, MheanmantAagrankhy (4t lrrberlomnntlacr]l Aatlhm. D — N LN P
o*ylrpuc l.yll ICLIIA11IV] \ILC}. 111 VULl I.Uél Pll)’ \wu.-'uutyu 1ICLIlY1 CLii l, l\f - U.)U), Uldllgb'
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solid, m.p. 115 °C, yield 1.14 g (23%). [a], = +42.9 (c = 1.0, EtOH). As is indicated by the "*C
NMR spectrum the compound exists in two rotamers. 'H NMR: see Tables 2/3. Additional
AAAAA e 8§ — 1 OLT +DPw) 2 me,l 1T ALY 7907 20 (v TNLT AL TIN 7T AZ (. 11X
bléllalb 18] ; 99 \D, 7i1, u.)u] IS N JU \D, viuvau, 1[1, Ufl}, 1.7 1.90 \l l 1ur1, m'n}, /.40 \b, 11‘1,

CH=0). *C NMR: see Table 4. Additional signals: Rotamer I: § = 126.4-128.8, 138.1, 140.6
(Ar-C), 161.8 (C=0), Rotamer II: 8 = 126.9-129.1, 138.6, 140.8 (Ar-C), 162.0 (C=0). MS (EI):
m/z (%): 91 (100) [C;H,'], 380 (16) [M'].
(asS, 1S, 45, 58, 85)-(+)-(2-tert-Butyl-7-methyl-4-phenyl-3-oxa-2,7-diazabicyclo[3.3.0]oct-
8-yl)-phenylmethanol (12f): Chromatography (tert-butylmethyl ether, R¢ = 0.36), orange oil,

yield 1.13 g (23%). 12f was also obtained by reduction of 12e with LiAlH,, yield 85%. [a ]D =
+0.5 (¢ = 1.0, EtOH). 'H NMR: see Tables 2/3. Additional signals: & = 1.07 (s, 9H, tBu), 2.25
(s, 3H, CHs), 7.20-7.39 (m, 10H, Ar-H). °C NMR: see Table 4. Additional signals: & = 44.0

(CH,), 125.7-128.5, 139.6, 143.2 (Ar-C). MS (FD): m/z (%): 367 (100) [M'+1].
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(asS, 1S, 4S, 58, 85)-(-)-(7-Allyl-2-tert-butyl-4-phenyl-3-oxa-2,7-diazabicyclo[3.3.0] oct-8-
yl)-phenylmethanol (12g): Chromatography (5x: Me,CO, Rs = 0.14; Me,CO/petroleum ether
1:1, Ry = 0.2; EtOAc/petroleum ether 2:1, Ry = 0.79; EtOAc/petroleum ether 1:1, Ry = 0.67,
EtOAc/petroleum ether 1:3, Ry = 0.44), recrystallization from petroleum ether, colourless
needles, m.p. 117 °C, yield 0.14 g (3%), [a]. =-24.2 (c = 1.0, EtOH). 'H NMR: see Tables
2/3. Additional signals: 8 = 0.87 (s, 9H, tBu), 3.33 (dd, %J = 13.7, °J = 6.7 Hz, 1H, CH,-
CH=CH,), 3.43 (dd, *J = 13.7, ’J = 6.1 Hz, 1H, CH,-CH=CH,), 5.05 (m, 2H, CH=CH,), 5.76

(m, 1H, CH=CH,), 7.29-7.38 (m, 10H, Ar-H). ’C NMR: see Table 4. Additional signals: & =
S8 N rr*n-_r‘u—r‘n Y 117 ’7 (CH=H.) 1360 (M3=CT11.) ]’)6 ’2,1’)52 R 1’20’7 147 8§ (Ar

S \ VL ATTR R TN AT gy L LS ML AT gy LJVLY (WLl LT )y 1T daad \4iMIT .

MS (FD): m/z (%): 392 (100) [M']. C35H3,N,0; (392.5) Caled C 76.50 H 8.22 N 7.14 Found C
75.96 H 8.32 N 6.95.

(a8, 18, 48, 55, 85)-[2-tert-Butyl-7-(3-phenylprop-2-en-1-yl)-3-oxa-2,7-diazabicyclo-

N M ntbh ol ST raa Farmnad +h After separation from 12¢

IJ.J.U]uu-o-yq-puc 1metnanoi (140) was 1ormea awug with x.ag AILET Separation 1irom 14g
1 .

1.01 (s,

it could not be obtained entirely p ure. H NMR: see Tables 2/3. Additional signals: § =
9H, tBu) 291 (dd ’J = 14.0, °J = 7.7 Hz, 1H, CH,-CH=CHPh), 3.0-3.2 (m, 1H, CH,-
the signals of 5-H and 8-H), 6.01 (ddd, *J = 15.9, 7.7, 5.4 Hz, 1H,

H

(""— il = ? hl A XN 7 o T LY 3 - v J K - T

{12a) MNhr~mantAacranihy (Efnl\ Alrmatralaiim athar P frd N A and ranrvetalligatinn frAana
\ls’d} il uxcuusla 1y \LL\JDUIFULIUICUIII (™25 9L} § L.Jy, l\i U-U]} alriui I\JUIJDLGILKLGLIUII 11VU111

. 19 1

Et,0, colourless crystalls, m.p. 109 °C, yield 1.97 g (37%), [a], = -65.4 (c = 1.0, EtOH). 'H
NMR (400 MHz): see Tables 2/3. Additional signals: 8 = 3.02 (d, *J = 12.9 Hz, 1H, CH,Ph),
1869464 2T =170 1T 10 I DhY 244 (A 2T =17 A 1> 1 OLIDhY AN2 (4 2T — 17 £ 11
JaJL \U, o w0 7 l.lL 111y 2121 11} U \u J 149U 21, 111y, 1121 ll}’ .U \U, J 14,0 .lllo,

1 .
1H, CH,Ph), 7.15-7.38 (m, 15H, Ar-H). C NMR: see Table 4. Additional signals: § = 59.5 or
59.4 (R’ = CHzPh) 125.4-129.3, 136.6, 138.7, 143.1 (Ar-C). MS (FD): m/z (%): 401 (80)
[M'+11, 801 (67) [2M']. C23H,sN,0, (400.5) Caled C 77.97 H 7.05 N 6.99 Found C 78.81 H
6.93 N 6.99.

(a8, 1S, 58, 8S)-(-)-(7-Allyl-2-benzyl-3-0xa-2,7-diazabicyclo[3.3.0]oct-8-yl)-phenyl-
methanol (13¢): Chromatography (Et,O, R¢ = 0.62), yellow solid, m.p. 110 °C, yield 1.39 g

6 nr\ n s 1 1\ ‘-‘LnY‘ g |

(30%), [a], = 0 (¢ = 1.0, EtOH). 'H NMR: see Tables 2/3. Additional S’gi‘lai :
(dd, 27 = 13.9, °J = 7.8 Hz, lH, CH,-CH=CH,), 3.13 (dd, %J = 13.9, *J = 5.9 Hz, 1H, CH,-
CH=CH,), 3.55 (d, J = 12.7 Hz, 1H, CH,Ph), 3.93 (d, J = 12.7 Hz, 1H, CH,Ph), 4.28 (s broad,
1H, OH), 4.94 (m, 2H, CH=CH,), 5.65 (m, 1H, CH=CH,), 7.10-7.33 (m, 10H, Ar-H). ”°C

= Y KO
£.0Y

O/J
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{ (CET N Y 114 A Aw ™M I'd Yo sn/r £0/N\e TADY F1NDNY DTQ N 2T (1)
(Lri—=ergj, iy 130.0 U VLD ) HUZ\/70). 1944 \1VV), 277 (LU), 301 (1)
[M'], 702 (12) [2M']. C2H26N,0; (350.5) Caled C 75.40 H 7.48 N 7.99 Found C 74.76 H 7.42
N7.75

A mixture of dibenzylidene acetone palladium (0) (Pd(dba);) (96.5 mg, 0.27 mmol) and 1,4-
bis-(diphenylphosphino)butane (DPPB) (115.1 mg, 0.27 mmol) in dry THF (10 ml) was stirred
for 15 min. under argon. This catalytic mixture and 2-mercapto-benzoic acid were added to a

.

-

~ e Ao 4 L T

solution of 12¢ or 13¢ (5.4 mmol) in THF (50 ml). The reaction mi

t € erLllOl’l mlxmre was II'CdLC(l Wl[ﬂ HC
with EtOAc. The aqueous layer was made alkaline with 1 N NaOH and again extracted two
times with EtOAc. After the combined organic layer had been dried with MgSQy, the solvent

was removed.

(aS, 18, 58, 85)-(-)-(2-tert-Butyl-3-oxa-2,7-diazabicyclo[3.3.0]oct-8-yl)-phenylmethanol
(12i): Orange solid, m.p. 95 °C, yield 0.91 g (61%). [a]) =-5.3 (c = 1.0, EtOH). 'H NMR (500

~
S=072 (¢ OO ., /1")
(9] L

ANLT>): cna klan /7 AAdAditiAanal
V.72 o5, 711, l—.L)U},

atonalg: {a ]n«r\ A DL NLI NLIY
lVLl‘.L}. oCC 14aUVILD 4L/o. nuulllu ICI.I Dlsllalb U1

1 S au, <I1, INI1, JUrij,
7.12-7.40 (m, SH, Ar-H). °C NMR: see Table 4. Additional signals: & = 126.7, 127.3, 127.7,
141.6 (Ar-C). MS (EI): m/z (%): 277 (1) [M].

(a8, 18, 55, 85)-(-)-(2-Benzyl-3-oxa-2,7-diazabicyclo[3.3.0]oct-8-yl)-phenylmethanol (13i):
Lnromatograpny (tert—butylmetnyl ether/EtOH 1:1 , Re= 0. ,ZD), colourless crystals m.p. 125 "L
yield 0.73 g (44%). [a]. =-15.2 (c = 1.0, EtOH). "H NMR: see Tables 2/3. Additional signals:
8 =3.54 (d, 2J = 13.3 Hz, 1H, CH,Ph), 3.78 (d, ?J = 13.3 Hz, 1H, CH,Ph), 7.13-7.34 (m, 10H,
Ar-H). °C NMR: see Table 4. Additional signals: § = 126.9-129.0, 136.7, 141.7 (Ar-C). MS
(FD): m/z (%): 311 (100) [M™+1]. C;sH2N,0, (310.4) Caled C 73.52 H 7.14 N 9.02 Found C
73.15 H 6.86 N 8.69.

b B ¥/ 7

3.3.3 Preparation of compounds 12k and 13k

The methylation of compounds 12i and 13i with methyl iodide was performed as described for

the preparation of 11f.
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(asS, 18, 55, 85)-(-)-(2-tert-Butyl-7-methyl-3-oxa-2,7-diazabicyclo[3.3.0]oct-8-yl)-phenyl-
methanol (12k): Chromatography (tert-butylmethyl ether, Ry = 0.29), colourless needles, m.p

11110111 y 19 1w7 § ViV ARRRAARD, 230

118 °C, yield 83%, [a]> =-14.7 (c = 1.0, EtOH). 'H NMR: see Tables 2/3. Additional signals:
8 = 1.06 (s, 9H, tBu), 1.84 (s, 3H, CHj), 7.12-7.38 (m, SH, Ar-H). ®C NMR: see Table 4.
Additional m nals: 6 =42.2 {(‘H,\ 125.1. 126.6. 128 0, 1439 (Ar.P\ MS mm m/7 (0/,.\ 290

aiiid als: w2235 LAty LAWY, 2 L0, 250 F AVALS 4 L83/ du Ay

(100) [M'].

(as, 185, 58, 85)-(-)-(2-Benzyl-7-methyl-3-oxa-2,7-diazabicyclo[3.3.0]oct-8-yl)-phenyl-

methanol (13k): Chromatography (tert-butyl methyl ether/ethanol 1:1, Rf = 0.27), beige solid,
m.p. 155 °C, yield 52%, [OLJD =-15.3 (c = 1.0, EtOH). '"H NMR: see Tables 2/3. Additional
signals: 8 = 1.96 (s, 3H, CHj), 3.66 (d, J = 12.4 Hz, 1H, CH,Ph), 4.05 (d, 2J = 12.4 Hz, 1H,
CH,Ph), 7.21-7.36 (m, 10H, Ar-H). °C NMR: see Table 4. Additionals signals: & = 41.9 (CHs),

125.4-129.2, 136.7, 143.3 (Ar-C). MS (FD): m/z (%): 217 (100) [C1;H;72N,0'], 325 (36)
e it am o sy ream gt oa
[M™+1], 649 (13) [2M'+1]

of the addition of diethylzinc to benzaldehyde
zaldehvde fn 28 ml 28 m mel) was

iy vopy llll’ tend jig ey

34 Catalysz
F

Dot
Q
-3
T Y
W

”
2
n

rs

{0.15 mmol) in a 25 mi flask under argon. The clear solution was cooled to 0°C, then a 0.1 M
solution of diethylzinc in hexane (3.75 ml, 3.75 mmol) was added dropwise within a period of
20 min. The reaction mixture was stirred for 12 h at 0°C. Subsequently, the reaction was
quenched by addition of 1.5 M HCI (10 ml). Then the mixture was extracted with Et,0 (3x).

The combined organic layer was dried with MgSQ,. After filtration and removal of the solvent
a non-racemic mixture of (R)- and (S)-1-phenyipropane-i-ol was obtained.

'"H NMR: & = 0.90 (t, *J = 7.4 Hz, 3H, 3-H), 1.66-1.89 (m, 2H, 2-H), 2.01 (s broad, 1H, OH),
4.58 (dd, ’J = 6.5 and 6.7 Hz, 1H, 1-H), 7.23-7.35 (m, 5H, Ar-H). *C NMR: § = 10.1 (C-3),
31.8(C-2) 9

3.5 Treatment of I-phenylpropane-1-ol with (S)-(+)-O-acetyl mandelic acid to give the

corresponding diastereomeric esters [22)]

1-Phenylpropane-1-ol (0.094 g, 0.69 mmol) was cooled to 0°C under argon. Successivly, (S)-
(+)-O-acetyl mandelic acid (0.134 g, 0.69 mmol), N,N-dimethyl-4-aminopyridine (5 mg, 0.04

" :
mmol) and N,N’-dicyclohexyl carbodiimide (0.143 g, 0.69 mmol) dissolved in CH,Cl, (1 ml)
each, were added. The reaction mixture was stirred for 2 h at 0°C and for additional 20 h at
room temp.. Then the solution was separated from the precipitate and the solvent removed by
distillation. Non-changed l-phenylpropane-l-ol and other volatile residues were removed at
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'"H NMR: (R, S), the signals of the diastereomer (S, S) are given in brackets. § = 0.63 [0.88] (t,
’J = 7.4 Hz, 3H, CH,CH;), 1.64-1.85 (m, 2H + 2H, CH,CH;), 2.16 [2.18] (s, 3H, CH;CO,),
5.66 [5.65] (dd, °J = 7.4, °J = 6.0 Hz, 1H, CH;-CH,-CH-0), 5.97 [5.98] (s, 1H, CH,;CO,CH),
6.94-7.50 (m, 10H + 10 H, Ar-H). °C NMR: & = 9.3 [9.6] (CH,-CHs), 20.6 (CH;CO,), 29.0
[29.2] (CH,CH3), 74.5 (CH;-CH,-CH-0), 78.6 [78.7] (Ph-CHCO,), 168.2 [169.0] (s, C=0),
170.0 [170.2] (s, C=0), 126.0-139.0 (Ar-C)

The diastereomeric excess that corresponds to the enantiomeric excess of 1-phenylpropane-1-
ol was determined by the relative intensities of the tripletts at 0.63 and 0.88 ppm in the 'H
NMR spectra.

-~ vt e K

AQ/1IY A N — 10N CANS1NNO — AN arey R3O L e A YN 1 AN / 3
728(1) A, p = 102.530(10)°, V = 2203.3(5) A", space group 12, Z = 4, D, = 1.207 g/cm’,
p(CuKa) = 6.01 cm’
CAD4 diffractometer using granhlte monochromated CuKa. radiation (A = 1.5478 A).

lae; Aivrant Aan A
vy ULICDL diiu

o

. The experimental data

£

ere collected at room temperature on a Nonius

o

difmap methods [23]. Full matrix refinement on F* values lead to the final R values wR, =

0.2183 (all data) and the conventional R = 0.0726 (I > 2o(I)).

3.6.2 Crystal Data for 13¢
CpoHpeN2O,, M, = 350.45, F(000) = 752, orthorhombic, a = 7.515(1), b = 13.748(1), ¢ =
18.678(1) A, V =1929.8(3) A’, space group P2,2,2,, Z = 4, D, = 1.206 g/cm’, p(CuKa) = 6.11

cm™. The experimental data were collected at room temperature on a Nonius CAD4
A= 1.54184 A). An absorpti

INg aran l o 1AM
Uollig plapiiiie Ty ). Al dusul puuil
1

correction was not applied. The structure was solved by direct methods and difference fourier
synthesis [24]. Full matrix refinement on F* values lead to the final R values wR, = 0.1192 (all

data) and the conventional R = 0.0450 (I > 2o(I)).

.¢

o L . _

3.6.3 Crystal Data for 12g
CysHyoN,0,, M, = 392.53, F(000) = 848, orthorhombic, a = 6.376(1), b = 18.155(2), ¢ =

19.422(1) A, V =2248.2(4) A’, space group P2,2,2;, Z=4, D, = 1.160 g/cm’, u(CuKa) = 5.73

cm’'. The experimental data were collected at room temperature on a Nonius CAD4

diffractometer using graphite monochromated CuKa radiation (A = 1.54178 A). The structure
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L4 J
Fz Valnnc laad ta the final valiiee wR-. = 0 1202 (all dAata) and tha canvantinnal B — N N&2N (T
QI IWC WU LAV LIIEGL KN VLU VY AN V.1J 70 (411 Udidj Qv v vusivoiiuviial i V.VIIuU 1
> 26(1)).
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