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Summary HO OH

The key steps in the stereoselective synthesis of the tricyclic
aminomethyl derivative$9 and20 and the aminoethyl substituted He™ g HY ""en
1,3-dioxane24 and25 are nucleophilic addition of aryllithium 3 s

intermediates to the nitroalket8, intramolecular transacetaliza- N—R R~n

tion of the addition product$5 and 16 (only for the tricyclic (-)>-1a-c (#-1a-c
derivativesl9and20) and subsequent reduction of the nitro group. aR=H

The affinities of the secondary and tertiary amih@sd, 20¢d, b: R =CH,

24cd, and25cd for the ion channel binding site of the NMDA ¢: R = CH,CH=C(CH,),
receptor, fop-, k-, ando-receptors have been investigated. In the (Pentazocine)

group of tricyclic compounds oniy9d shows remarkable-recep-  scheme 1
tor affinity (Ki = 21.6/1.10uM). In the 1,3-dioxane series the
moderatqu- (Ki = 27.8uM) andk-receptor affinity Kj = 36 uM) o ] ]
as well as the higt-receptor affinity Ki = 3.3 uM) of the The p- andk-receptor affinity is retained in levorotatory
(SS9-configurated methylamin@4cshould be emphasized. The benzomorphans bearing a proton [{a}-or a small methyl
pentan-1-oR6, the side product isolated during the synthesis ofyroup [(—)1b] instead of the 3-methylbut-2-en-1-yl residue
24 is of particular interest because of its considerable affinity teit the nitrogen atom (see Scheme 1). However, the dextroro-
p- (Ki = 16.0pM), k- (Ki = 2.8 uM), and o-receptors Ki =  tatory enantiomers (+)a and (+)1b show little o-receptor
14.5/1.26uM). The biphasic competition curves obtained duringaffinity but high affinity and selectivity for the ion channel
o-receptor binding studies 4Bd and26 (two K values) may be  pinding site of the NMDA receptor complex. Therefore, the
explained by different interaction Withreceptor SUbtypeS. dextrorotatory benzomorphan derivativeS, in particu'ar (+)_
laand (+)4b, are of interest as neuroprotective and anticon-
vulsant agent&4].
A crucial structural feature for high receptor binding is the
distance between the aromatic ring system and the basic
Introduction nitrogen atom. Counting the carbon atoms the benzomor-
Depending on the substitution pattern and the stereocheﬁ)rp-ans can be re_garpled as 2-phenylethylamine and 3-phenyl-
istry, benzomorphand) can display high affinity for various propylamme derivatives. In the course of our studies on'nov.el
receptors in the central nervous system (CRSJThe best CNS active compounds we _have prepared s_,evgral tncy(_:hc
ST A ) benzomorphan analogues with heteroatoms in different ring
known benzomorpha%deflvatlve is the opioid analgesic peff5gjions. Especially strong CNS effdksand consider-
azocine [¢)-1c, Fortral"] with a 3-methylbut-2-en-1-yl resi- 5,6 veceptor affinities have been found in those tricycles
due atthe nitrogen atom (see Sche.rrﬁ IJhe mixed partial ith g Z—Ehenylethylamine or a 3-phenylpropylamine sub-
agonistic/partial antagonistic activity of pentazocine resultg,cturd®. In particular, the highs-receptor binding of
from binding of the levorotatory enantiomer (t§-to k- 5,6,7,8,9,10-hexahydro-5,9-epoxybenzocycloocten-7-am-
opioid receptors (agonistic) apgopioid-receptors (antago- ines should be emphasii@d
nistic). After application of pentazocine racemat$1C  This concept of retaining the tricyclic benzomorphan struc-
psychotomimetic side effects are often observed, which ax@e but changing the electronic features of the tricyclic ring
mainly caused by interaction of the dextrorotatory enasystem by incorporation of heteroatoms in different ring
tiomer (+)-c with o—receptor[sg]. positions led us to the design of 6-aminomethyl-1,5-epoxy-
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tween 0 and 39%. Additionally, all attempts to hydrolyze the
enol etheb to give the corresponding aldehyde failed. There-
fore, we looked for another strategy to obtain the tricyclic

s Ow amines2.
N In the second approach we intended to use the nitro group
5c, as precursor of the amino functionalitybfsee Scheme 4).
The nitromethyl substituted tricycleshould be built up by
an intramolecular transacetalizatiorBpfvhich already con-
tains the aldehyde and 1,3-diol moieties both protected as
2-benzoxocine2, which also include the 2-phenylethyl-acetals. Th@-phenyl nitroalkan@ should be prepared by a
amine substructure (see Scheme 2). In this communicatiblichael addition of an aryl metal intermediate to the ni-
we report on the stereoselective synthesis of the aminomettigialkened, which in turn should be available by nitro aldol
substituted tricycle® as well as their affinities tp-, k-, 0-, condensation of the aldehydié.
and NMDA-receptors. The 1,3-dioxargsvhich are derived

from 2 by opening the tricyclic ring system (and doubling the
phenyl moiety), are also included in this study. It should be
mentioned that the compounaddiffer distinctly from the RN ON
tricycles2, since they prefer to adopt tA€,-conformation o = o =
o] (¢}
2 7

Scheme 2

of the 1,3-dioxane ring with both substituents in the equatorial
position.

Chemistry
ON CH(OR), ON CH(OR)
In our first approach an intramolecular Heck read¥lomas R ’ - 5 o ’
planned as key step for the construction of the tricyclic 07 - 0 R
5 (o1 2
C, 8 5C,

framework (see Scheme 3). The educt for this synthesis was
the 1,3-dioxane-4-carbaldehyde which was prepared by
regio- and diastereoselective transacetalization of 2-bromo-
benzaldehyde dimethyl acetal with tig-butane-1,2,4-triol ON
and subsequent Swern oxidatrRsr!, Wittig reaction of the kﬁ%/o — Lo
aldehyde4 with (methoxymethyl)triphenylphosphonium °§/R OA/R
chloride and potassiurtert-butanolate furnished the enol
ether5 as mixture of ) and E) isomers [©)-5:(E)-5 =
56:44]. The intramolecular Heck reaction of the (methoxy3cheme 4
vinyl) and (2-bromophenyl) substituted 1,3-dioxdénsuc-
ceeded with the catalyst [Pd(RPfh and triethylamine in a ] o ) .
sealed tube at 140 °C to afford the tricyclic enol eh@he  (S-2,4-Dihydroxybutanal Wllgh its 1,3-diol moiety pro-
chemical shift of the signal of the vinylic protoh £ 6.82 tected as benzylidene acetdl*” was selected as four car-
ppm) points toZ)-configuration of the double bond. In spitebon building block (see Scheme 5). Henry reattionf the
of several modifications of the Heck reaction conditionaldehydell with nitromethane in the presence of sodium
(catalyst, base, solvent, temperature, time) the yield of thgethanolate furnished the nitroaldol addi2t(75:25 mix-
cyclization product was not reproducible and varied beyre of diastereomers), which was dehydrated by methanesul-
generated by bromine/lithium exchange at the bromobenzal-
dehyde acetal4 with n-butyllithium, was addéd? to the
KOBu, TaF 1 NEL OHLaN mixtur_e with dilute HCI led to hydroly;is of the_ acetals
140 °C liberating an aldehyde and a 1,3-diol, which combined spon-
substituted tricycle$7 and18 were isolated in 49% and 25%
yield, respectively. The configuration of the newly formed
3.55 ppm;18. & = 4.35 ppm) and the 5-H/6-H coupling
Scheme 3 constantsX7: Js-H/6-H= 0 Hz,18: J5-H/6-H = 5.9 Hz).

2

9 10

fonyl chloride and triethylamine to give th€){configurated
O=HC
o -
(o]
nitro activated alken#3to provide the diastereomeric addi-
taneously to give the tricyclic acetdlg and18. After flash
stereogenic center in position 6 of the tricydl@gand18was

nitroalkenel3 in 95% yield. The aryl lithium intermediate,
. tion productsl5 and16 (ratio 67:33). Heating of th&5/16
Ph,P-CH,OCH, Ci~ [PA(PPh,),]
chromatographic separation the diastereomeric nitromethyl
deduced from the chemical shifts of the 6-H signbrs§ =
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OH
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23 was deduced by comparison of the chromatographic be-
haviour and théH NMR spectroscopic data of the phenyl
addition product®2 and23 with the 2-(dimethoxymethyl)-
phenyl addition products5 and16.

O,N
Q R
Br
13 21

13

@*CH(OCHS)Z

oN_ 2 M
Q +
o

2

16

24a-d
17 24,25 NR,
Scheme 5 @ a NH,
{ H b |NHCOCH,
N Y \/@ c | NHeh,
. . L . 2 o d | N(CH,),
Reduction of the nitromethyl derivativég and18 with Hy -
and Pd/C provided the primary amiri3a and20a, respec- )
tively (see Scheme 6). The methylamii€s and20c were 26

obtained by acylation of the primary amid€saand20awith
methyl chloroformate @ 19b, O 20b) and subsequent
LiAIH 4 reduction. Reductive methylation with formaldehyde
and NaBHCN13! transformed the primary aminé8aand
20ainto the dimethylamine$¥9d and20d, respectively.

Scheme 7

In analogy to the tricyclic nitro derivativd¥ and18 the
reduction of the 2-nitroethyl substituted 1,3-dioxa22and
23 succeeded by catalytic hydrogenation (see Scheme 7).
However, reduction with LiAllj followed by acylation of the
resulting primary amine&4aand25awith methyl chlorofor-
mate gave better yields of the carbamaldb and 25h.
Therefore, the LiAIH reduction was chosen as standard
procedure for the reduction B2 and23. Since the quantita-

19.20] R, tive separation of the nitro derivative® and23 turned out
a NH, to be very troublesome, the diastereomeric separation was
: N:ﬁgf“a usually performed at the stage of the carbanzatieand25h.
a | nNeH, The separated carbamat&th and25b were reduced with
LiAIH 4 to provide the methylamine®4c and 25¢ which
Scheme 6 were reductively methylated with formaldehyde and

NaBH;CNI13! to yield the dimethylamineg4d and 25d,
In order to obtain the ring B opened analog8gshenyl- respectively.

lithium without further substituents was adH@lto the  In an initial attempt a very large excess of LiAlMas
nitroalkenel3 (see Scheme 7). The diastereomeric additicemployed for the reduction of th§$S)-configurated car-
products22 and23 were formed in the same ratio (67:33) adamate24b. Surprisingly, the large excess of LiAttom-

the lithiobenzaldehyde acetal addition produdisand16. bined with the prolonged reaction time did not only lead to
The main diastereom@2 could be separated by flash chroteduction of the carbamate moiety but also to reductive
matography and purified by recrystallization. The configuraspening of the 1,3-dioxane ring to furnish the 3-benzyl-
tion of the new stereogenic center in the side cha?2ahd oxypentan-1-oR6 as main product (50% yield). Because of
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the structural similarity to the 1,3-dioxan24 and25 the Surprisingly, the besi-receptor affinity was found for the
alcohol26 was included into the receptor binding studies. pentan-1-oR6, whoseK; value of 16.QuM is only one order
higher than th&; value of tramadoll; = 1.7uM).
The results of the-receptor screening made it reasonable
only to determine th&; values for the§SS)-configurated
The NMDA[42.14] |,.[15] 18] andg-receptott®] affini-  1,3-dioxane24c and the pentan-1-&6 (see Table 1). In
ties of the tricyclic and ring B opened methyl- and dimethyFomparison with tramadok(K; = 43pM) the 1,3-dioxane
amines19¢d, 20cd, 24cd, and 256d as well as the 24c displayed a similak-receptor affinity Ki = 36 pM),
1,3-dioxane ring opened derivati2é were investigated in Whereas the pentan-1-86 bound in the low micromolar
competition experiments with radioligands. range Kj = 2.8uM) to thek-receptor.
The following radioligands were employedH]-(+)-MK In the group of the tricyclic compounti8cd, 20cd, which
801 for binding at the ion channel binding site of the NMDAare devoid of NMDA-p-, andk-receptor affinity, the$S,9)-
receptor, $H]-DAMGO for p-receptor binding, 3H]-U  configurated dimethylamink9d showed considerable affin-
69,593 fok-receptor binding, andfi]-di-(o-tolyl)guanidine ity for the o-receptor K = 4.8 uM). The mathematical
for o-receptor binding. At first, the receptor affinity of eactdescription of the competition curve as a biphasic curve fits,
test compound was screened with two concentratiopls] 1 however, much better to the experimental data, leading to two
and 100uM. The complete competition curves were only values of 21.6M and 1.1QuM (see Table 1). Presumably,
recorded for those compounds, which revealed consideraB}€ biphasic competition curve results from different interac-
radioligand competition at these concentrations. tions of19dwith o1- andoz-receptor subtypes, which are both
At the concentrations IM and 100uM only the 1,3-diox- labelled by the radioligand de{olyl)guanidiné!®l.
ane derivative24d (tertiary amine) an®5c (secondary ~ With the exception d24d o-receptor affinity was observed
amine) showed promising NMDA receptor affinity. How-in the screening of the 1,3-dioxar®and25(see Table 1).
ever, recording of the whole competition curves with si¥Vhereas higf; values were found for th&gR)-configu-
concentrations a24d and25cled toK; values of 58iM for  rated 1,3-dioxanezsc (K = 35uM) and25d (Kj = 17.1uM),
24dand 151uM for 25¢(see Table 1). Thus, in this series othe §S)-configurated 1,3-dioxan@icrevealed noticeable
compounds the affinity for the ion channel binding site of the-receptor affinity Kj = 3.3uM + 0.11uM).
NMDA receptor complex was not further investigated. A comparables-receptor affinity K = 3.7uM) was deter-
L o mined for the pentan-1-@6, which differs from24conly in
Table 1. Affinities for the phencyclidine binding site of the NMDA recep’[orthe reductive cleavage of the 1,3-dioxane ring (see Table 1)_
as well as fop-, k-, ando-receptors In contrast to the 1,3-dioxarc the competition curve of
the pentan-1-a26 was biphasic giving rise to twq values,
Cmpd NMDA H K o 14.5uM (= 0.4uM) and 1.26uM (£ 0.24pM). This phenome-
(KiinpM)  (KiinpM)  (KiinuM)  (KiinpuM)  nhon may be explained by different interaction26fwith
o-receptor subtypes (compat@d).

Receptor Binding Studies

19c - - - 180
19d - - - 21.6/1.10  Acknowledgements
20c - - - - We thank the Deutsche Forschungsgemeinschaft and the Fonds der
20d - - - - Chemischen Industrie for financial support and Degussa AG for donating
chemicals.
24c - 27.8 36 3.3£0.11) )
244 58 _ _ _ Experimental
25¢c 151 46 - 35 Chemist
25d - 97 - 171 emistry
General Unless otherwise stated, moisture sensitive reactions were con-
ducted under dry nitrogen.— THF was distilled from sodium benzophenone
26 - 16.0 2.8 14.540.4) / ketyl prior to use.— Flash chromatography [Hé) Silica gel 60, 0.040—
1.26 & 0.24) 0.063 mm (Merck).— Melting points: Melting point apparatus Dr. Tottoli
Phencyclidine  0.109 (Buchi), uncorrected.— Optical rotation: Polarimeter 241 (Perkin Elmer);
Tramadol 17 43 1.0 dm tube; concentration[g/100 mL]; temperature 20 °C.— Elemental

analyses: CHN elemental analyser Rapid (Heraeus).— MS: Mass spectrome-
Haloperidol 0.0085 ter 5989A (Hewlett Packard); Cl = chemical ionisation.— IR: IR spectro-
photometer 1600 FT-IR and 2000 FT-IR (Perkin-EImef‘)ﬂ— NMR
(400 MHz),l3C NMR (100 MHz): GSX FT NMR spectrometer (Jeol),
tetramethylsilane as internal standardh ppm.

—: At concentrations of M and 10(QuM the test compounds did not compete
significantly with the radioligands.

In the screening fop-receptor affinity the 1,3-dioxanes (25,45)2-(2-Bromopheny))-4-{(E) and (2)-2-methoxyvinyl}-1.3-dioxahe (
24, 25¢ and25das well as the pentan-126 com,peted well Potassiuntert-butanolate (0.70 g, 6.0 mmol) was slowly added to a cooled

. - . . (=20 °C) suspension of methoxymethyl-triphenylphosphonium chloride
with the radlollgandﬁH]-DAMGO. The exact determination (1.50 g, 4.4 mmol) in THF (8 mL). The orange mixture was stirred for 15

of the p-receptor affinity provided higK;j values: 27.8M  min at-10 °C, then a solution 4P (1.0 g, 3.7 mmol) in THF (10 mL) was
for 24¢, 46 uM for 25¢ and 97uM for 25d (see Table 1). added and the mixture was stirred for 20 min at =10 °C and for additional

Arch. Pharm. Pharm. Med. Chem. 332, 413421 (1999)
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16 h at room temperature. After addition of water (15 mL) andGEH  [a]s7s = —50.9, @i]ss9 = —47.9 € = 1.15 in CHC4).— Ci2H13NO4 (235.2)
(15 mL) the layers were separated, the aqueous layer was extracted wiiltd. C 61.3 H 5.57 N 5.95 found C 61.6 H 5.96 N 5.79.— MS (@B=
CHzCl2 (3x), the organic layers were dried (Mgg@nd concentrated in 236 (M + H").— IR (film): v = 1526 crit (NOy), 1353 (NQ), 1140 (C-0),
vacuo. According to théH NMR spectrum of the unpurified product the 1025 (C-O).—lH NMR (CDCB): & (ppm) = 1.77 (dt) = 12.5/2.2 Hz, 1 H,
ratio of £)-5:(E)-5 is 56:44. The residue was purified by fc (diameter of the-H equatorial), 1.97 (qdl = 12.5/5.1 Hz, 1 H, 5-H axial), 4.04 (tdl=
column 3 cm, petroleum ether/acetone &1 0.31). Colourless oil, yield 12 5/2.2 Hz, 1 H, 6-H axial), 4.36 (diz 12.5/5.1 Hz, 1 H, 6-H equatorial),
0.59 g (53%).— €H15BrOs (299.2) calcd. C 52.2 H 5.05 found C 52.0 H4.71 (dt,J = 12.5/2.2 Hz, 1 H, 4-H axial), 5.61 (s, 1 H, 2-H), 7.21-7.26 (m,
5.35.— MS (El)m/z= 300, 298 (M)~ IR (film): = 2927, 2854 ¢l (C-H), 24, arom.), 7.36—7.42 (m, 3 H, arom. and CHINDy), 7.47—7.51 (m, 2 H,
1654 (C=C), 1095 (C-0)H NMR (CDCh): & (ppm) = 1.57—1.60 (m, 0.44 arom. and E=CHNQO).
H, 5-H equatorial), 1.59 (dd,= 13.2/1.5 Hz, 0.56 H, 5-H equatorial), 1.93
(qd,J =13.2/4.4 Hz, 0.56 H, 5-H aX|aI), 2.02 (qU; 13.2/4.4 Hz, 0.44 H, 2_{(15)_ and (1R)-2-Nitro-1-[(28,4S)-2-phenyl-1,3-dioxan-4-y|]ethy|}benz-
5-H axial), 3.56 (s, 3 0.44 H, OCH), 3.63 (s, % 0.56 H, OCH), 4.05 (td,  g|dehyde Dimethyl Acetal’ and16)
J = 12.5/2.2 Hz, 1 H, 6-H axial), 4.25 (dd,= 12.5/4.4 Hz, 1 H, 6-H o _
equatorial), 4.28-4.36 (m, 0.44 H, 4-H), 4.56 (@i 8.1/6.6 Hz, 0.56 H, n-Butyllithium (16 molar im-hexane, 9.0 mL, :!.4.4 mmol) was added at
CH=CHOCHb), 4.85-4.93 (m, 0.56 H, 4-H), 4.88 (dds 12.5/8.1 Hz, 0.44 -78 °C to a_solutlon of 2-bromobenza|de'hyde Filmethyl aﬁgPaﬁ] 3.349, .
H, CH=CHOCH), 5.82 (s, 0.44 H, 2-H), 5.86 (s, 0.56 H, 2-H), 5.98)@, 14.3 mmol) in THF (30 mL) and the reaction mixture was stirred for 15 min
6.6 Hz, 0.56 H, CH=BIOCH), 6.67 (d,) = 12.5 Hz, 0.44 H, CH=80OCHg),  at—78°C. Additionally, a solution &8 (2.88 g, 12.3 mmol) in THF (30 mL)
7.15-7.19 (m, 1 H, arom.), 7.29-7.34 (m, 1 H, arom.), 7.5D€®.1 Hz, 1 Was added. After stirring the reaction mixture for 3.5 h at —78 °C a half
H, arom.), 7.70 (dd] = 8.1/1.5 Hz, 1 H, arom.).C NMR (CDCB): (ppm) concentrated solution of Nigl (30 mL) and CHCI2 (30 mL) were added,
=31.6(t, C-52)), 32.5 (t, C-5E)), 5.8 (q, OCH, (E)), 60.0 (g, OCH(2)),  the organic layer was separated, driecc@@), and concentrated in vacuo.
67.1 (t, C-6), 67.2 (t, C-6), 71.8 (d, CB)), 76.0 (d, C-47)), 100.3 (d, C-2), The residue was filtered over silica gel (petroleum ether/ethyl acetate 80:20,
100.6 (d, C-2), 103.0 (§H=CHOCH, (E)), 106.6 (dCH=CHOCHs(2)), Rt =0.40). Colourless oil, yield 4.27 g (90.0%).21625NOg (387.4) calcd.
122.4 (s, arom.), 127.5 (d, arom.), 127.9 (d, arom.), 128.2 (d, arom.), 12&:$5.1 H 6.50 N 3.62 found C 65.3 H 6.59 N 3.37 .— M&= 324 [M-63
(d, arom), 130.1 (d; arom.), 130.2 (d, arom.), 132.49 (d, arom.), 132.54 (CHs, CHsOH)], 163 (2-phenyl-1,3-dioxan-4-yl).— IR (filmy = 2960
arom.), 137.4 (s, arom.), 137.5 (s, arom.), 148.0 (d, G#BCHs), 150.8 cm— (CH), 1553 (NQ), 1382 (NQ), 1101 (C-O).-*H NMR (CDCk): 3
(d, CH=CHOCHg). (ppm) = 1.25 (ddJ = 12.5/1.5 Hz, 0.67 H, 5-H equatorial), 1.41 (dcs
12.5/1.5 Hz, 0.33 H, 5-H equatorial), 1.62 (ge; 12.5/5.1 Hz, 0.33 H, 5-H
(1S,55)-(2)-(-)-6-(Methoxymethylene)-3,4,5,6-tetrahydro-1,5-epoxy- ~ &ial), 1.86 (qdJ) = 12.5/5.1 Hz, 0.67 H, 5-H axial), 3.33 (s¥3.33 H,
1H-2-benzoxocines] OCHp), 3.35 (s, % 0.33 H, OCH), 3.36 (s, % 0.67 H, OCH), 3.38 (s, X
0.67 H, OCH), 3.87 (td,J = 12.5/2.2 Hz, 0.67 H, 6-H axial), 3.92 (s
A mixture of 5 (0.46 g, 2.1 mmol, mixture off- and @)-isomers),  12.5/1.5 Hz, 0.33 H, 6-H axial), 4.15-4.31 [ 8.67 H and % 0.33 H,
tetrakistriphenylphosphane palladium (0) [Pd(®HH0.71 g, 0.64 mmol), 4-H axial (1 H), 6-H equatorial (1 H),HICH2NO2 (0.67 H)], 4.44 (tdJ =
triethylamine (0.4 mL, 2.1 mmol) and acetonitrile (20 mL) was heated in3/3.7 Hz, 0.33 H, BCH2NOy), 4.65 (dd,J = 12.5/7.3 Hz, 0.33 H,
sealed tube at 140 °C for 48 h. Then, the suspension was filtered, the filtr@]’qCHZNoz)’ 4.78 (dd,]J = 12.5/8.1 Hz, 0.67 H, CHE&NO), 4.98 (dd,J =
was concentrated in vacuo and the residue was purified by fc (diameter19f5/5 1 Hz, 1 H, CHB2NO), 5.41 [s, 0.33 H, aryl-B(OR)], 5.50 [s, 0.33
the column 3 cm, petroleum ether/acetone Byls 0.30). Colourless oil, H  aryl-CH(OR)], 5.52 [s, 0.67 H, aryl-B(OR)], 5.54 [s, 0.67 H, aryl-
yield 0.18 g (39%),d]s80 = —28.2 ¢ = 0.90 in CHCY).— C13H1403 (218.3)  CH(ORY], 7.29-7.44 (m, 6 H, arom.), 7.48—7.51 (m, 2 H, arom.), 7.57 (d,
calcd. C 71.5 H 6.47 found C 71.4 H 6.64.— Mffz= 218 (M)~ IR (film):  =8.1 Hz, 0.67 H, arom.), 7.65 (dtk 7.3/1.5 Hz, 0.33 H, arom.). Rafi6:16
v = 1692 criit (C=CHOCHg), 1104 (C-O).2*H NMR (CDCk): 3 (ppm) = = 67:33.
1.47 (dg,J = 13.2/1.5 Hz, 1 H, 4-H equatorial), 2.54 {t 13.2/5.5 Hz, 1
H, 4-H axial), 3.68-3.76 (m, 2 H, 3-H), 3.77 (s, 3 H, Q.20 (dJ= (15 55,6S)-(+)-6-(Nitromethyl)-3,4,5,6-tetrahydro-1,5-epoxy-1H-2-benz-
5.5Hz, 1 H,5-H),5.84 (s, 1H, 1-H), 6.82 (s, 1 M@CHs), 7.14-7.18 (M,  oxqcine 7) and (1S,5S,6R)-(+)-6-(Nitromethyl)-3,4,5,6-tetrahydro-
2 H, arom.), 7.22-7.28 (m, 1 H, arom.), 7.47)(d,8.1 Hz, 1 H, arom.). 1,5-epoxy-1H-2-benzoxocingj

. . A solution of15/16 (ratio 67:33, 120 mg, 0.31 mmol) in 0.1 N HCI (2 mL)
(1R)- and (1S)-2-Nitro-1-[(2S,4S)-2-phenyl-1,3-dioxan-4-yllethan-1)l (514 gioxane (10 mL) was heated to reflux for 1 h and stirred at room
A solution of NaOCH, prepared by addition of sodium metal (2.2 g,temperature for 16 h. Then, water (10 mL) andCled were added, the
96 mmol) to methanol (30 mL), was added to a solutioh18f! (4.97 g, organic layer was separated, dried4Bla), and concentrated in vacuo. The
25.9 mmol) and nitromethane (4.42 g, 72.4 mmol) in methanol (70 mL). Ttigsidue was purified by fc (diameter of the column 1 cm, petroleum
reaction mixture was stirred for 24 h at room temperature, then a hgther/ethyl acetate 90:10, fractions 5 mL).
saturated solution of NACI (60 mL) was added and the mixture was ex- 17 [fractions 9-22Rs = 0.39 (petroleum ether/ethyl acetate 80:20)]: Pale
tracted with CHCI. The organic layer was dried (3&0s), concentrated in  yellow oil, yield 36 mg (49.4%),d]sa6 = +57.2, fi]s78 = +51.3, fi]s89 =
vacuo, and the residue was recrystallized fromQPrColourless solid +49.4 € = 0.635 in CHGJ).— Ci2H13NO4 (235.2) caled. C 61.3 H 5.57 N
(iPr20), m.p. 108-115 °C, yield 6.36 g (97%).42815NOs (253.3) calcd.  5.95 found C 61.8 H 5.68 N 5.69.— MS (Gijz= 236 (M + H).— IR (film):
C 56.9 H 5.97 N 5.53 found C 56.7 H 6.04 N 5.52.— kifz= 253 (M).— v = 2925 crii* (C-H), 1548 (N@), 1375 (NQ), 1113 (C-0).-*H NMR
IR (KBr): v = 3430 criit (OH), 1559 (NQ), 1387 (NQ), 1094 (C-O).2H  (CDCls): & (ppm) = 1.23 (dd) = 13.2/2.9 Hz, 1 H, 4-H equatorial), 2.67 (tt,
NMR (CDCk): & (ppm) = 1.81-1.85 (m, 2 H, 5-H), 2.66 §¢k 7.3 Hz,0.25 J=13.2/6.6 Hz, 1 H, 4-H axial), 3.50 (= 13.2/2.9 Hz, 1 H, 3-H axial),
H, OH), 2.80 (dJ = 5.9 Hz, 0.75 H, OH), 3.91-4.06 (m, 2 H, 6-H axial and3.55 (dd,J = 9.9/3.7 Hz, 1 H, 6-H), 3.65 (dd,= 13.2/6.6 Hz, 1 H, 3-H
4-H axial), 4.33-4.38 (m, 2 H, 6-H equatorial and@H), 4.54 (ddJ = equatorial), 4.33 (d] = 6.6 Hz, 1 H, 5-H), 4.47 (dd,= 13.9/3.7 Hz, 1 H,
13.9/8.8 Hz, 0.75 H, B2NOy), 4.56-4.64 (M, % 0.25 H, Gi2NOy), 4,73  CHaNO2), 4.74 (dd,J = 13.9/9.9 Hz, 1 H, CNOp), 5.87 (s, 1 H, 1-H),
(dd,J = 13.9/2.2 Hz, 0.75 H, §2NOy), 5.52 (s, 0,75 H, 2-H), 5.56 (s, 0.25 7-22-7.25 (M, 2 H, arom.), 7.36-7.39 (m, 2 H, arom.).
H, 2-H), 7.37—7.46 (m, 5 H, arom.). Ratio of diastereomers 75:25. 18[fractions 23—-32Rr = 0.33 (petroleum ether/ethyl acetate 80:20)]: Pale
yellow oil, yield 18 mg (24.7%) d]546 = +6.3, ft]s78 = +4.7, p]sg9 = +4.1
L . (c=0.68 in CHCY).— C12H13NO4 (235.2) caled. C 61.3 H 5.57 N 5.95 found
(2S,48)-()-4-[(B)-2-Nirovinyl]-2-phenyl-1,3-dioxaris| C 616 H 5.70 N 5.50— MS (CIJn/z= 236 (M + H).- IR (fim): v =
To a cooled (0 °C) solution a2 (1.36 g, 5.37 mmol) in C#Cl2 (20 mL) 2961 cm*(C-H), 1559 (NQ), 1376 (NQ), 1099 (C-O).-H NMR (CDCh):
solutions of NE§ (1.74 g, 17.2 mmol) in Ci€lz (2.5 mL) and CBSQ:Cl & (ppm) = 1.65 (dd)) = 13.2/2.2 Hz, 1 H, 4-H equatorial), 2.55 (it7
(0.81 g, 7.04 mmol) in C¥Cl2 (2.5 mL) were added successively. After 13.2/6.6 Hz, 1 H, 4-H axial), 3.51 (tfl= 13.2/2.2 Hz, 1 H, 3-H axial), 3.69
stirring for 2.5 h at room temperature the reaction mixture was poured infgd, J = 13.2/6.6 Hz, 1 H, 3-H equatorial), 4.35 (@t 10.3/5.9 Hz, 1 H,
1 N HCI (50 mL), the organic layer was separated, driedS0g, and  6-H), 4.44 ("t",J = 6.6 Hz, 1 H, 5-H), 4.52 (dd, = 13.2/10.3 Hz, 1 H,
evaporated in vacuo. Pale yellow oil, yield 1.20 g (95%)s46 = —60.3, CH2NOy), 5.07 (ddJ = 13.2/5.1 Hz, 1 H, CkNO2), 5.90 (s, 1 H, 1-H), 7.18
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(d,J=6.6 Hz, 1 H, arom.), 7.23-7.25 (m, 1 H, arom.), 7.34-7.37 (m, 2 K233.3) calcd. C 72.1 H 8.21 N 6.00 found C 71.8 H 8.50 N 5.78.-nM5S:
arom.). = 233 (M).— IR (film): v = 2947 cri* (C-H), 1109 (C-0).*H NMR
(CDClg): & (ppm) = 1.42 (dd] = 13.7/3.0 Hz, 1 H, 4-H equatorial), 2.15 [dd,
1-[(1S,5S,6S)-3,4,5,6-Tetrahydro-1,5-epoxy-1H-2-benzoxocin-6-ylJmeth-J = 12.0/3.0 Hz, 1 H, BoN(CHz)2], 2.31 [s, 6 H, CEN(CH3)2], 2.60-2.70
anamine 199 (m, 2 H, 4-H axial and 6-H), 2.76 ["t),= 12.0 Hz, 1 H, E2N(CH3)2], 3.56
To a solution oft7 (70 mg, 0.30 mmol) in CHOH (3 mL) the catalyst (0 J = 11.8/3.0 Hz, 1 H, 3-H axial), 3.63 (ddl=11.8/7.1 Hz, 1 H, 3-H
- . : equatorial), 4.60 (d] = 6.0 Hz, 1 H, 5-H), 5.83 (s, 1 H, 1-H), 7.15-7.19 (m,
Pd/C (10%, 20 mg) was added and the reaction mixture was stirred Und%rﬁ - _
A ; ) , arom.), 7.26 (dd} = 7.3/1.3 Hz, 1 H, arom.), 7.32 (il 7.3/1.3 Hz, 1
hydrogen atmosphere (1.3 bar) for 2 h. The reaction mixture was filtered awdarom )

concentrated in vacuo. Colourless oil, yield 54 mg (88.19%).NMR
CDClg): & (ppm) = 1.38 (ddJ = 13.5/3.0 Hz, 1 H, 4-H equatorial), 1.91 (s .
E:)road,g)z H,(g?zNLz), 2_53(_;_%3 (m, 2 H, 4-H axial, 6-H), g.95.ﬂd=, 6).0 Hz, ( 1-[(15_,58,6R)-3,4,5,6-Tetrahydro-1,5-epoxy-1H-2-benzoxocm-6-yl]meth-
2 H, CHaNH), 3.48 (td,J = 12.0/3.0 Hz, 1 H, 3-H axial), 3.55 (ddi= anamine 203
12.0/6.6 Hz, 1 H, 3-H equatorial), 4.43 {d= 6.0 Hz, 1 H, 5-H), 5.77 (s, 1 Pd/C (10%, 35 mg) was added to a solutioa®¢75 mg, 0.32 mmol) in
H, 1-H), 7.08-7.23 (m, 3 H, arom.), 7.27 (cs 7.3/1.3 Hz, 1 H arom.). The methanol (10 mL) and the reaction mixture was stirred under a hydrogen
primary aminel9awas used for the preparationl®fb-19d without further  atmosphere (1.3 bar) for 23 h at room temperature. Then, it was filtered and
purification. the solvent was evaporated in vacuo. Colourless oil, yield 53 mg (81.0%).
HNMR (CDCh): 6 (ppm) =1.79 (d) = 13.2 Hz, 1 H, 4-H equatorial), 2.07

(+)-Methyl N-{1-[(1S,5S,6S)-3,4,5,6-tetrahydro-1,5-epoxy-1H-2-benz- (s broad, 2 H, CbNH>), 2.44-2.54 (m, 2 H, 4-H axial HGNH>), 2.94 (dd,
oxocin-6-ylJmethyl}carbamatel@b) J=11.7/9.1 Hz, 1 H, B2NHy), 3.51-3.68 (m, 3 H, 3-H axial, 3-H equatorial,
To an ice-cold solution af9a (80 mg, 0.39 mmol) in THF (2 mL) solu- 6-H), 4.53 (") = 5.8 Hz, 1_H' 5-H), 588 (s, 1H, 1-H), 7'191%’ 7.3Hz,
tions of triethylamine (55 mg, 0.54 mmol) in THF (0.5 mL) and methyg H, 7-H or 10-H), 7.26 (@ = 7.3 Hz, 1 H, 8-H or 9-H), 7.32 (,= 7.3 Hz,

_ ‘ H, 9-H or 8-H), 7.40 (d] = 7.3 Hz, 1 H, 10-H or 7-H). The primary amine

chloroformate (50 mg, 0.53 mmol) in THF (0.5 mL) were added succe 8 . e
sively. After stirring for 4 h at room temperature an aqueous solution pawas used for the preparation2ifb-20d without further purification.

NaCOz3 (10%, 10 mL) and CyCl> (15 mL) were added, the organic layer .
was separated, dried (380y), concentrated in vacuo, and the residue wadethyl N-{1-[(1S,5S,6R)-3,4,5,6-tetrahydro-1,5-epoxy-1H-2-benzoxocin-
recrystallized. Colourless solid (#@), m.p. 182—183 °C, vyield 84 mg 6-yllmethyljcarbamateq0h)

(81.8%), pr]s46= +8.6, K]578= +8.8, fi]ss9 = +8.2 € = 0.575 in CHG)) — As described fofl9b the primary amin@0a (245 mg, 1.20 mmol) was
C14H17NO4 (263.3) calcd. C 63.9H 6.51 N 5.32 found C 64.2H 6.67 N 5.09 grylated with methyl chloroformate (370 mg, 3.92 mmol) and triethylamine
MS: m/z= 263 (M), 176 (M—~CHNHCQCHs).— IR (KBr):v = 3353 ci' (395 mg, 3.91 mmol) in THF (10 mL). The residual colourless2fih
(NH), 1696 (C=0), 1529 (amide II), 1272 (C-O), 1094 (C-GH-NMR 270 mg, 85.9%) was reduced without purification.

(CDClg): & (ppm) = 1.38 (dd) = 13.3/3.4 Hz, 1 H, 4-H equatorial), 2.57 (it,

J=13.3/6.4 Hz, 1 H, 4-H axial), 2.84 (dus 6.8/5.6 Hz, 1 H, 6-H), 3.28-3.41 (+)-N-Methyl-1-[(1S,5S,6R)-3,4,5,6-tetrahydro-1,5-epoxy-1H-2-benz-

(m, 2H, O‘lZNH), 3.46 (ddd,] =13.3/11.5/3.4 Hz, 1H, 3-H aXial), 3.55 (dd, Oxocin_6_y|]methanaminé0®

J=11.5/6.4 Hz, 1 H, 3-H equatorial), 3.60 (s, 3H, QC¥.27 (dJ = 6.4 Hz, ) . )

1H, 5-H), 5.01 (s broad, 1 H, NH), 5.78 (s, 1 H, 1-H), 7.11 &7.3 Hz, 1 At 0 °C a solution 0fun_pur|f|eﬂ_0b(196 mg, 0.75 mmol)_ln THF (10 mL)

H, arom.), 7.20-7.30 (m, 3 H, arom.). was added to a suspension of LiAl400 mg, 10.5 mmol) in THF (30 mL).

The reaction mixture was stirred for 48 h at room temperature, then water
(2 mL) was cautiously added, the mixture was filtered, the filtrate was dried
(NaxS04), concentrated in vacuo, and the residue was purified by fc (diameter
of the column 1 cm, C¥Cl2/CH30H 80:20, fractions of 5 mL). The fractions

At 0 °C a solution ofl9b (68 mg, 0.26 mmol) in O (3 mL) and THF 2-10 R = 0.33) were concentrated in vacuo. Colourless oil, yield 64.2 mg
(3 mL) was slowly added to a suspension of LiA{#20 mg, 3.2 mmol) in  (39.3%), f]s46= +19.6, fi]s78= +16.3, fi]sso= +15.5 ¢ = 1.3 in CHC}).—
Et2O (3 mL). The reaction mixture was stirred for 30 h at room temperaturg; sH; 7NO2 (219.3) caled. C 71.2 H 7.81 N 6.39 found C 71.5 H 7.96 N 6.55.—
then water (0.5 mL) was cautiously added, and the mixture was filtered. TRgs: m/z= 219 (M"), 176 (M~CHNHCH).— IR (film): v = 3322 crii* (NH),
filtrate was extracted with 1 N HCI ¢85 mL), after addition of 2N NaOH 2936 (C-H), 1095 (C-0).2H NMR (CDCk): & (ppm) = 1.76 (dd,) =
(pH 10) the aqueous layer was extracted withe@K (5 x 15 mL), the  12.6/1.5 Hz, 1 H, 4-H equatorial), 2.41-2.50 (m, 1 H, 4-H axial), 2.51 (s, 3
CHCl2 layer was dried (MgS#), and concentrated in vacuo. Colourless oil,H, NHCH3), 2.76 (dd,J = 12.0/9.8 Hz, 1 H, B2NHCHg), 3.27 (dd,J =
yield 47.1 mg (83.2%)dl]s46 = +85.0, fi]s78 = +74.1, filsgg=+71.3 €=  12.0/5.6 Hz, 1 H, B2NHCHz), 3.50-3.57 and 3.63-3.72 (m, together 4 H,
0.32 in CHC}).— Ci3H17NO2 (219.3) caled. C 71.2 H 7.81 N 6.39 found C 3-H axial, 3-H equatorial, 6-H, MCHzg), 4.44 ("t",J = 6.4 Hz, 1 H, 5-H),
71.5H7.93 N 5.91.—- MS (Cin/z= 220 (M + H) — IR (film):v = 3322 cri* ~ 5.88 (s, 1 H, 1-H), 7.18 (dd,= 7.7/1.5 Hz, 1 H, 7-H or 10-H), 7.25 {t=
(NH), 2951 (C-H), 1107 (C-O).lH NMR (CDCh): & (ppm) = 1.38 (ddj= 7.7 Hz, 1 H, 8-H or 9-H), 7.32 (td,= 7.7/1.5 Hz, 1 H, 9-H or 8-H), 7.46 (d,
12.7/2.7 Hz, 1 H, 4-H equatorial), 2.24 (s broad, 1 H, NH), 2.41 (s, 3 H,= 7.7 Hz, 1 H, 10-H or 7-H).
NHCH?3), 2.58 (ttJ = 12.7/6.6 Hz, 1 H, 4-H axial), 2.68 (dblz 9.2/4.3 Hz,
1 H, 6-H), 2.72 (ddJ = 12.0/4.3 Hz, 1 H, Bo2NHCH3), 2.88 (dd,J =  (-)-N,N-Dimethyl-1-[(1S,5S,6R)-3,4,5,6-tetrahydro-1,5-epoxy-1H-2-benz-
12.0/9.2 Hz, 1 H, B2NHCHg), 3.48 (td,J = 12.7/2.7 Hz, 1 H, 3-H axial), oxocin-6-yllmethanamine2(d)

3.55(ddJ=12.7/6.6 Hz, 1 H, 3-H equatorial), 4.44J&; 6.6 Hz, 1 H, 5-H), . . .
5.77 (s, 1 H, 1-H), 7.10 (d= 7.3 Hz, 1 H, arom.), 7.17-7.22 (m, 2 H, arom.) As described forl9d the primary amine0a (37 mg, 0.18 mmol) was
797 (tc‘iJ :'7_3/1’_3 Hz 1 H aromj). ' ' Y 'reductively methylated with formaldehyde (35% in water, 1.2 mL) and

NaBH3CN (110 mg, 1.75 mmol) in methanol (5 mL). FC purification (di-
ameter of the column 1 cm, GEly/ethyl acetate 70:3@¢ = 0.18) gave a
colourless oil, yield 31.1 mg (74.0%y]bas = —6.2, fi]s78 = —6.1, fi]ss9 =
—6.4 €=0.99 in CHQ}).— C14H19NO2 (233.3) caled. C 72.1 H 8.21 N 6.00

NaBHsCN (110 mg, 1.75 mmol) was added to a solutioh9af(53.5 mg,  found C 72.1 H 8.31 N 5.71.— MS (Cijvz= 234 (M + H).— IR (film): v =
0.26 mmol) and formaldehyde (35% in water, 1.2 mL) in methanol (5 mldgss cmt (C-H), 1099 (C-0).2H NMR (CDCh): & (ppm) = 1.70 (ddJ =
and the reaction mixture was stirred for 2 h at room temperatur€CI€H 14.1/2.4 Hz, 1 H, 4-H equatorial), 2.29 [s, 6 H, NE&H 2.42-2.52 [m, 2
(10 mL) and a solution of N@0O3 (10%, 5 mL) were added, the organic layerH, 4-H axial, G12N(CHs)z], 2.81 [dd,J = 12.4/6.0 Hz, 1 H, B2N(CHsa)2),
was separated, dried (MggOconcentrated in vacuo, and the residue wag 52 (tdJ = 12.5/2.4 Hz, 1 H, 3-H axial), 3.57-3.67 (m, 2 H, 3-H equatorial,
filtered over silica gel (10 g of silica gel, @8l2/CH3OH 90:10,Rt = 0.57).  6-H), 4.39 ("t",J = 6.4 Hz, 1 H, 5-H), 5.88 (s, 1 H, 1-H), 7.18 (dd=
Colourless oil, which solidified on standing, yield 54.5 mg (89.68dk46  7.3/1.7 Hz, 1 H, 7-H or 10-H), 7.24 {t= 7.3 Hz, 1 H, 8-H or 9-H), 7.31 (td,
= +78.6, ft]s78 = +68.8, fi]sg9 = +66.1 € = 2.53 in CHGY).— CiaH1oNO2 I =7.3/1.7 Hz, 1 H, 9-H or 8-H), 7.48 @= 7.3 Hz, 1 H, 10-H or 7-H).

(+)-N-Methyl-1-[(1S,5S,6S)-3,4,5,6-tetrahydro-1,5-epoxy-1H-2-benz-
oxocin-6-ylJmethanaminel 0o

(+)-N,N-Dimethyl-1-[(1S,5S,6S)-3,4,5,6-tetrahydro-1,5-epoxy-1H-2-benz
oxocin-6-yljmethanaminel@d)
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(2S,4S)-4-[(S)-2-Nitro-1-phenylethyl]-2-phenyl-1,3-dioxa2® and C20H23N 04 (341.4) calcd. C 70.4H 6.79 N 4.10 found C 69.9H 7.03 N 4.30.—
(2S,4S)-4-[(R)-2-Nitro-1-phenylethyl]-2-phenyl-1,3-dioxaR8) ( MS (CI):m/z= 342 (M + H).— IR (KBr):v = 3346 cr’ (NH), 1722 (C=0),
1526 (amide 11), 1258 (C-O), 1114 (C-O}H NMR (CDCh): & (ppm) =
1.37 (d broadJ = 12.0 Hz, 1 H, 5-H equatorial), 1.74 (dds 12.0/4.9 Hz,

H, 5-H axial), 3.05-3.08 (m, 1 HgBsCHCHy), 3.58-3.78 (M, 2 H, 2N),

.65 (s, 3 H, C@CHsg), 3.93 (tdJ = 12.0/2.1 Hz, 1 H, 6-H axial), 4.15-4.20

At —78 °C a solution ofi-butyllithium (1.6 molar im-hexane, 15.9 mL,
25.4 mmol) was added to a solution of bromobenzéie 3.99 g,
25.4 mmol) in THF (50 mL). The reaction mixture was stirred for 15 min
—78 °C, then a solution @8 (5.3 g, 22.6 mmol) in THF (50 mL) was slowly . .
added. After stirring for 5.5 h at—78 °C a half concentrated solution gENH (ZmH ix?él)ﬁl-YHze;)gl Ag—z-!mecgugtcgim ?';Zés(g(;o?d%/i ?HI;IHZ)’:g?Oﬁ’)l H,
(300 mL) was added and the mixture was extracted wittOQBHT he organic v ’ ’ ’ K E ’ ’ a
layer was dried (N&8Cu), concentrated in vacuo, and the residue was
purified by fc [diameter of the column 2 cm, petroleum ether/ethyl aceta{es)-(+)-N-Methyl-2-phenyl-2-[(2S,4S)-2-phenyl-1,3-dioxan-4-yl]ethan-
95:5,Rr = 0.49-0.51 (petroleum ether/ethyl acetate 80:20)]. Colourless oil;amine 24c)
yield 6.3 g (89%).— @H19NO4 (313.4) calcd. C 69.0 H 6.11 N 4.47 found ) )

C694H6.19 N 3.97 — MEn/z= 313 (M+).—IR (film): v = 1552 cml(NOz), At 0 °C a solution 0_124b (6(_3.8 mg, 0.20 n_1mo|) in ED (10 mL) was
1380 (NQ@), 1139 (C-0), 1100 (C-O), 1022 (C-O)l.H NMR (CDCh): & slowly add_ed toesolutlon of L!Au-(l.o molar in THF, 0.4 mL, 0.4 mmol).
(ppm) = 1.25 (dt) = 12.2/2.1 Hz, 0.67 H, 5-H equatorial), 1.36 (it The reaction mlx_ture was stirred fo_r 23 h at room temperature. Water
12.2/2.1 Hz, 0.33 H, 5-H equatorial), 1.66 (de 12.0/4.5 Hz, 0.33 H, 5-H (0-5 ML) was cautiously added, the mixture was dried%a), filtered, the
axial), 1.79 (qd,) = 12.0/4.5 Hz, 0.67 H, 5-H axial), 3.65-3.75 (m, 1 H’fllt_rate was concentrated in vacuo, and the residue was purified by fc
CHCH2NOy), 3.86 (td,J = 12.0/2.1 Hz, 0.67 H, 6-H axial), 3.93 (tH= (diameter of the column 1 cm, GElI2/CH3OH 9:1,Rs = 0.25). Colourless
12.0/2.1 Hz, 0.33 H, 6-H axial), 4.06 (ddds 12.0/9.4/2.1 Hz, 0.67 H, 4-H Oil, yield 49.5 mg (85%).d]s46= +39.0, fi]578 = +34.1, f]sge= +32.5 ¢ =
axial), 4.16-4.22 [m, 1.33 H, 4-H axial (0.33 H) and 6-H equatorial (1 H)P-88 in CHC#).— C1gH23NO2 (297.4) caled. C 76.7 H 7.80 N 4.71 found C
4,72 (dd,J = 13.0/9.4 Hz, 0.67 H, CH@&NO), 4.76 (dd,J = 13.3/7.9 Hz, /6.6 H8.15N4.50.—MS (Chn/z=298 (M + H).— IR (film): v = 34503400
0.33 H, CHGH2NOy), 4.99 (dd,) = 13.3/7.3 Hz, 0.33 H, CHENOy), 5.07  cmi * (broad, NH), 2959 (C-H), 1107 (C-O)'H NMR (CDCk): 5 (ppm) =
(dd,J = 13.0/4.9 Hz, 0.67 H, CH&NOy), 5.51 (s, 0.33 H, 2-H axial), 5.53 1.11 (dt,J = 12.0/2.1 Hz, 1 H, 5-H equatorial), 1.68 (dc; 12.0/4.4 Hz, 1

(s, 0.67 H, 2-H axial), 7.25-7.49 (m, 10 H, arom.). Ratio of diastere@®ers H, 5-H axial), 1.98 (s, broad, 1 H, NH), 2.33 (s, 3 H, NK}; 2.91 (ddJ =
and23=67:33. 11.8/8.3 Hz, 1 H, CHB2N), 3.03 (tdJ = 8.3/5.6 Hz, 1 H, BCH2N), 3.27

The main diastereom2R could be separated and purified by fc [conditions(dd, J = 11.8/5.6 Hz, 1 H, CHE2N), 3.78 (td,J = 12.0/2.1 Hz, 1 H, 6-H
see aboveRr = 0.49 (petroleum ether/ethyl acetate 80:20)] and recrystallgxial), 4.00 (ddd,J = 11.6/8.3/2.1 Hz, 1 H, 4-H axial), 4.11 (dd,=
zation. Colourless solid (iR®), m.p. 86-87 °C,d]s46 = +85.4, fi]s78 = 11.5/4.4 Hz, 1 H, 6-H equatorial), 5.48 (s, 1 H, 2-H axial), 7.17-7.22 (m, 3
+74.0, fi]sge = +71.3 € = 0.24 in CHCY).— CigH19NOy (313.4) calcd. C H, arom.), 7.26-7.34 (m, 5 H, arom.), 7.44 (#id,7.3/1.3 Hz, 2 H, arom.).
69.0 H 6.11 N 4.47 found C 68.8 H 6.20 N 4.53.— Mi&= 313 (M).— IR
(KBr): v = 1553 crii* (NOy), 1385 (NQ), 1138 (C-0), 1101 (C-0), 1026 (2S)-(+)-N,N-Dimethyl-2-phenyl-2-[(2S,4S)-2-phenyl-1,3-dioxan-4-yl]-
(C-0).—'H NMR (CDCh): & (ppm) = 1.25 (dt] = 12.2/2.1 Hz, 1 H, 5-H ethan-1-amine24d)
equatorial), 1.79 (qd,= 12.0/4.5 Hz, 1 H, 5-H axial), 3.68 (tti 9.4/4.9 Hz, ) ) )

1 H, CHCHzNOy), 3.86 (td,J = 12.0/2.1 Hz, 1 H, 6-H axial), 4.06 (ddts At 0 °C a solution of the pure diastereor2@r(130 mg, 0.42 mmol) in
12.0/9.4/2.1 Hz, 1 H, 4-H axial), 4.21 (ddl,= 12.0/4.5 Hz, 1 H, 6-H THF (10 mL) was slowly added to a suspension of LIA[#60 mg,

equatorial), 4.72 (dd) = 13.0/9.4 Hz, 1 H, CHB2NOy), 5.07 (dd,J = 4.2 mmol) in E2O (8 mL). After stirring for 23 h at room temperature water
13.0/4.9 Hz, 1 H, CHE2NOy), 5.53 (s, 1 H, 2-H axial), 7.27-7.49 (m, 10 (3 mL) was cautiously added, then it was dried ®@), filtered, and
H, arom.). concentrated in vacuo. The residue (the primary a@iseyield 108 mg,

0.38 mmol, 91.9%) was dissolved in methanol (10 mL). Subsequently, for-
. maldehyde (35% in water, 2.0 mL) and Naf& (170 mg, 2.7 mmol) were
(+)-Methyl N-{(2S)-2-phenyl-2-[(2S,4S)-2-phenyl-1,3-dioxan-4-yllethyl}- 54ded and the reaction mixture was stirred for 3.5 h at room temperature.
carbamate 24b) and (-)-Methyl N-{(2R)-2-Pheny|-2-[(2S,4S)-2-phenyl-  Then, a solution of N€€Os (10%, 20 mL) and CCl2 (20 mL) were added,
1,3-dioxan-4-yllethyl}carbamate2b) the organic layer was separated, dried (MgS€vaporated in vacuo, and
At 0 °C a solution 022 and23 (ratio 67:33, 500 mg, 1.6 mmol) Etz0 the residue was purified by fc (Qiar_neter of the column 2 craQCHCH30OH
(40 mL) was added to a suspension of LIA(B00 mg, 15.8 mmol) iftzO 95:5,Rr = 0.36). Colourless oil, yield 71 mg (55.0% calcu_lated fan
(15 mL). The reaction mixture was stirred for 22 h at room temperaturkt]s46 = +16.8, fils7s = +14.9, fi]sgo = +14.3 € = 0.325 in CHGJ).—
Water (5 mL) was cautiously added at 0 °C, then the mixture was driégoH2zsNO2(311.4) caled. C77.1H8.09N 4-5?‘(0“”‘1 C77.0H8.21 ';‘ 4.50-
(NazSQy), the EO layer was separated and concentrated in vacuo. THS: m/z= 311 (M).— IR (film): v = 2856 cr" (C-H), 1127 (C-0).=H
residue (the primary amine®ta, 25a colourless oil, 400 mg, 88%) was NMR (CDChk): & (ppm) = 1.03 (dtJ = 13.2/1.9 Hz, 1 H, 5-H equatorial),
dissolved in CHCI2 (30 mL), cooled in an ice bath, and treated successivel.63 (qdJ = 13.2/4.5 Hz, 1 H, 5-H axial), 2.11 [s, 6 H, N(§#}, 2.73 (dd,
with solutions of NE§ (300 mg, 2.98 mmol) in Ci€l2 (2.5 mL) and methyl J=13.4/9.8 Hz, 1 H, CHB2NMe), 2.84-2.97 (m, 2 H, BCH2NMey), 3.76
chloroformate (275 mg, 2.91 mmol) in @El> (2.5 mL). After stirring for  (td,J=11.5/1.9 Hz, 1 H, 6-H axial), 3.85 (ddds 13.2/5.6/1.9 Hz, 1 H, 4-H
20 h at room temperature a saturated solution g€®a (15 mL) was added, axial); 4.03 (ddJ=11.5/4.5 Hz, 1 H, 6-H equatorial), 5.44 (s, 1 H, 2-H axial),
the organic layer was separated, driecb@@), and concentrated in vacuo. 7.14-7.20 (m, 3 H, arom.), 7.23-7.31 (m, 6 H, arom.), 7.4B%.6 Hz, 1
The residue (450 mg) was separated by fc (diameter of the column 3 drh,arom.).
petroleum ether/ethyl acetate 80:20, fractions 15 mL).
24b (fractions 11-19R = 0.18): Colourless solid (if®), m.p. 106—
107 °C, yield 175 mg (32%, calculated fr@®23), [a]s46 = +51.9, ft]578
= +45.2, fi]sgo = +43.4 ¢ = 0.58 in CHGY).— CaoH23NO4 (341.4) calcd. C
70.4 H 6.79 N 4.10 found C 70.4 H 6.77 N 4.09.— MS (@fg= 342 (M + As described for24c the carbamat@5b (233.7 mg, 0.68 mmol) was
HY.— IR (KBr): v = 3440 crii* (NH), 1724 (C=0), 1511 (amide I1), 1248 reduced with LiAlH (500 mg, 12.5 mmol) in ED (40 mL) during 18 h at
(C-0), 1097 (C-0).2H NMR (CDCh): & (ppm) = 1.20 (dd] = 12.4/2.6 Hz, room temperature. The crude reaction product was purified by fc (diameter
1 H, 5-H equatorial), 1.71-1.80 (m, 1 H, 5-H axial), 2.92-2.96 (m, 1 Hpf the column 1 cm, C€l2/CH3OH 9:1,Rs = 0.23). Colourless oil, yield
CeHsCHCH?), 3.51-3.56 (m, 1 H, lB2N), 3.59 (s, 3 H, CECHs), 3.86 (td, 188 mg (92.4%),d]sa6 = —47.7, fi]s78= —41.0, fi]seo= —38.7 ¢ = 0.15 in
J=12.0/2.6 Hz, 1 H, 6-H axial), 3.88-3.98 (m, 1 H§8), 4.05 ("t",J=  CHCl3).— CroH23NOz (297.4) caled. C 76.7 H 7.80 N 4.71 found C 76.3 H
9.4 Hz, 1 H, 4-H axial), 4.19 (dd= 12.0/4.3 Hz, 1 H, 6-H equatorial), 4.86 8.13 N 4.81.— MS (Cln/z=298 (M + H).— IR (film): v = 3325 cml(broad,
(s broad, 1 H, NH), 5.55 (s, 1 H, 2-H axial), 7.21d,7.3 Hz, 2 H, arom.), NH), 2848 (C-H), 1111 (C-0).XH NMR (CDCk): 5 (ppm) = 1.33 (ddJ =
7.28-7.40 (m, 6 H, arom.), 7.53 (tF 7.3 Hz, 2 H, arom.). 12.4/2.6 Hz, 1 H, 5-H equatorial), 1.66 (de 12.4/4.9 Hz, 1 H, 5-H axial),
25b (fractions 20-32Ry = 0.12): yield 88 mg (16%, calculated from 2.11 (s broad, 1 H, NCHs), 2.31 (s, 3 H, NHE3), 2.95-3.02 (m, 3 H,
22/23), [a]s46= —44.1, fi]s78= —38.5, fi]s80= —36.7 ¢ = 1.10 in CHGY).—  CHCH2N), 3.85 (td,J = 12.4/2.6 Hz, 1 H, 6-H axial), 4.07—4.13 (m, 2 H, 4-H

(2R)-(-)-N-Methyl-2-phenyl-2-[(2S,4S)-2-phenyl-1,3-dioxan-4-yllethan-
1-amine 25¢
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axial and 6-H equatorial), 5.42 (s, 1 H, 2-H axial), 7.17-730 (m, 8 H, aromtjons of test compounds for 80 min at 25 °C. The samples were rapidly
7.36 (ddJ =7.3/1.3 Hz, 2 H, arom.). filtered under reduced pressure through GF/C filters and the filters were
washed with ice-cold buffer (10 mL). Bound radioactivity trapped on the
filters was determined by liquid scintillation spectrometry. Nonspecific

(2R)-(-)-N,N-Dimethyl-2-phenyl-2-[(2S,4S)-2-phenyl-1,3-dioxan-4-yl]- el i [
binding was determined withjdM (+)-MK 801.

ethan-1-amine25d)

NaBH:CN (120 mg, 1.9 mmol) was added to a solutio2%d (85 mg, S . 115

0.29 mmol) and formaldehyde (35% in water, 1.4 mL) in methanol (10 mﬂ?vestlgatlon of the-Receptor Aff|n|t9 :

and the reaction mixture was stirred for 20 h at room temperature. Then, &he test was performed with the radioliganstﬂ-i]{DAMGO
solution of NaCOs (10%, 20 mL) and CiCl2 (20 mL) were added, the (2053.5 GBg/mmol; Du Pont de Nemours) and bovine striatal membrane
organic layer was separated, dried (MgH@nd the residue was purified by preparations as receptor material. Buffer: Tris HCl 50 mM, pH = 7.5.
fc (diameter of the column 1 cm, GEl2/CH3OH 90:10,Rs = 0.34). Colour-  Nonspecific binding was determined witut Naloxon.

less oil, yield 31 mg (34.8%)q]s46 = —61.1, fi]578 = —52.6, fi]sgo= -51.1 PerformanceAccording to ref!%al,

(c=0.23 in CHCQY).— CooH25NO2 (311.4) caled. C 77.1 H 8.09 N 4.50 found
C 76.8 H8.30 N 4.65.— M&n/z= 311 (M)~ IR (film): v = 2856 cri* (C-H),
1113 (C-O).=*H NMR (CDCk): & (ppm) = 1.29 (dt) = 12.4/2.1 Hz, 1 H, ) o
5-H equatorial), 1.61 (qd] = 12.4/5.1 Hz, 1 H, 5-H axial), 2.18 [s, 6 H, The test was performed with the radlollggnScH-I]E_U 69,593
N(CHa)z], 2.56 (dd,J = 15.2/9.8 Hz, 1 H, CHE2NMe), 2.84-2.90 (m, 2 (1753 G_Bq/mmol; Du Pont de Nemours) anc_! bovine striatal membrane
H, CHCH2NMe), 3.86 (td,J = 12.4/2.1 Hz, 1 H, 6-H axial), 4.08 (dii= preparatl_o_ns _as_receptor matenal. Bl_Jffer: Tris HCI 50 mM, pH = 7.5.
12.4/5.1 Hz, 1 H, 6-H equatorial), 4.15 (@t 12.4/2.1 Hz, 1 H, 4-H axial), Nonspecific binding was determined witiul U 50,488.

5.45(s, 1 H, 2-H axial), 7.14-7.20 (m, 2 H, arom.), 7.21~7.24 (m, 3 H, arom.)PerformanceAccording to ret.>".

7.29-7.30 (m, 3 H, arom.), 7.38-7.40 (m, 2 H, arom.).

Investigation of the&-Receptor Affinitg}s]

Investigation of the-Receptor Affinity®!

(35,45)-(-)-3-Benzyloxy-5-(methylamino)-4-phenylpentan-26pl ( The test was performed with the radioligariti]fDitolylguanidine

A solution 0f24b (54.5 mg, 0.16 mmol) in BD (6 mL) was slowly added (1302._4 GBg/mmol; Du Pont de N(_emours) and homogeni_sed guinea p_ig brain
to an ice cold suspension of LIAIM150 mg, 3.75 mmol) in ED (4 mL). (Dunkin Hartley, Harlan) preparations as receptor material. Buffer: Tris HCI
The ice bath was removed and the reaction mixture was stirred for 17 P&MM, pH =7.4.
room temperature. Then, LIAKH95 mg, 2.4 mmol) was added, the reaction Performance 250 g of protein were incubated with various concentra-
mixture was stirred for 3 h, and an additional portion of LIA[70 mg,  tions of test compounds (usually solutions in buffer), 3 ANI-Ditolyl-
6.75 mmol) was added. After stirring for additional 24 h at room temperatuggianidine, 50 mM Tris HCI pH 7.4 in 230 medium (total volume) for
water (2 mL) was cautiously added, the suspension was drie$@)a 90 min at 25 °C. The samples were rapidly filtered under reduced pressure
filtered, and the organic layer was concentrated in vacuo. The residireough GF/C filters and the filters were washed with ice-cold buffer (5
(48.1 mg) was dissolved in 1 N HCI (10 mL), the aqueous layer was washkdL). Bound radioactivity trapped on the filters was determined by liquid
with EtO, then 1 N NaOH (13 mL) was added, the aqueous layer wasintillation spectrometry after addition of the scintillation cocktail. Nonspe-
extracted with O (5 x), the EtO layer was dried (MgS£p and concen- cific binding was determined with M Haloperidol.
trated in vacuo. Colourless oil, yield 23.7 mg (49.6%)s46=—30.0, ft]578
=-26.8, =-24.1 ¢=0.11 in CHG}).— CiaH25NO2 (299.4) calcd. C
762 H 8.3]1585 4.68 fouﬁd C76.1H 8.(5342) N 472 MS gmnz= ;oo -+ References and Notes
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