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Abstract

N-Methyl-6-amino-3-azabicyclohexane derivatives 8, 9 and 25 can be demethylated by reacting the
corresponding N-oxides with acetic anhydride in a Polonovsky reaction and subsequent cleavage of the resulting
acetamides by hydrochloric acid. Other demethylating reagents such as cyanogen bromide, vinyl chloroformate
or trichloroethyl chloroformate caused an opening of the pyrrolidine unit of the investigated model compounds 8
- 10. © 1998 Elsevier Science Ltd. All rights reserved.
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1. Introduction

A 6-aminosubstituted 3-azabicyclo[3.1.0]hexane building block 1 is found as subunit in some

biological active compounds: Bicyclic derivative 2a represents the diamine of the highly potent
Gyrase inhibitor trovafloxacin 2b [1-6] (Figure 1)
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Diastereomeric piperidinocarboxamides 3b/4b and 3c/4c were applied as constrained modeis
for mimicking defined conformations of the 4-aminopiperidine moiety in the neuroleptic agent
pipamperone Sb [7] and the analgetic agent piritramide Sc [8], respectively (Figure 2).
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All synth the mpounds are based on N(3)-protected species which were deblocked
aryvativac o 1 a I and £ 11 £ .
to give N(3)-H derivatives 3a [7], 4a [7,8] and 6 [1-6,9,10] or 7 [11] and its 6p-diasiercomer
ra s ~ -~

[11,12] (Figure 2 and 3) as building blocks for the construction of the target molecules 2b, 3b.c
and 4b,c. Protecting groups such as a benzyl-[1-9], a trityl-[3] or an alkyloxycarbonyl group
(Cbz [1,2,8,9], EtO,C [7]) were used thus far for the N(3)-atom. The general applicability of a
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proposed in this context in a patent [3,4]; it was stated that these groups “may be removed by
reaction with a-chloroethyl chloroformate* according to references [13] and [14].
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An N(3)-demethylation would be especially of interest for providing 6-alkyl- or 6-ary!
substituted species of type 1 (R? = H, R® = alkyl, aryl)' for a further coupling with a pharmaco-

phoric group. We examined, therefore, the behavior of N(3)-methyl-6-aminoazabicyclohexane
derivatives 1 (R* = CH;) against usually applied N-demethylating reagents. Morpholino
compounds 8, 9 and 10 were used first as model compounds in these investigations (Figure 3).

1

Both diastereomers of 6-aikyi- or 6-aryi substituted species of type 1 (NR 2= morpnoune R’= alkyl, aryl) were only obtained with
high selectivity if R? corresponds to a methyl moiety; a benzyl moiety (R*> = Bn) gave only one single diastereomer [15]; an
alkoxycarbony! protecting group (R* = COOEL) could not be applied in this approach (reaction of an organometallic compound
with an N(1)-protected chloroenamine or an N(3)-protected bicyclic N,O-acetal [16]).
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opening of the pyrrolidine ring

by
Reaction of bicyclic nitriles 8a and 8b with vinyl chloroformate (12) under usual conditions
[13,14,17,18] caused an opening of the pyrrolidine unit to give compounds 11a and 11b in good

vields. Rmo onened derivatives 14 and 16 were obtained u-mhnnd of avnactad demathvlatinn
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products also exclusively from 8a and trichloroethyl chloroformate (13) or in a von Braun
reaction [19] with cyanogen bromide (15) (Scheme 1).
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An analogous behavior was found for endo-nitrile 10 upon the interaction with chioroformate
12 or cyanogen bromide (15) leading to pentasubstituted cyclopropane compounds 17 and 18,
respectively (Scheme 2).
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The cleavage of the pyrrolidine unit in these reactions can be deduced from the 'H and *C
NMR data indicating siili the presence of an N-methyl moiety in the reaction producis. The 'H
NMR spectra of urethane derivatives 11a, 14 and 17 were run at higher temperatures (95°-
103°C) in order to exclude the interfering influence of carbaminate dynamics; 11b decomposed
already at this temperature. The 'H NMR signals of the R*CH,-cyclopropane-CH; R’ unit were
designated as LMNOXY-, LMNOXYZ- or MNX-/LO systems as depicted in figure 4. The
determination of MNX- and LOY- subunits is based on decoupling experiments. The nature of
R* and R® in the methylene subunits R*~CMN and R>-CLO can be assigned without any doubts
for compounds 17 and 18. An unequivocal assignment of the CH,-'H NMR signals to either the
amino or the halogeno group in the cases of 1la,b, 14 and 16 would require further
investigations. The spectra were simulated by the Calm program [20], Relatively strong coupling
of both hydrogen atoms of each methylene unit with the adjacent cyclopropane H-atom (Jym/Jnx
and J y/Joy) are in accordance only with products from an opening of the pyrrolidine ring
(Jvx/Inx [Hz): 11a: 7.3/7.3; 11b: 7.1/7.1; 14: 7.0/7.2; 16: 7.9/7.2; 17: 10.2/5.8; 18: 11.1/5.6;
Juy/Joy [Hz]: 11a: 6.6/6.6; 11b: 5.2/8.4; 14: 5.7/7.8; 16: 6.1/5.1).

Figure 4
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3. Dealkylation by removal of the N(3)-methyl group

A demethylation of 3-methyl-3-azabicyclo[3.1.0]hexane derivatives could be realized by
applying a Polonovsky [21] reaction. Oxidation of diamines 8a-d and 9a,c,d with 3-
chloroperbenzoic acid and treatment of the resulting N-oxides with acetic anhydride caused a
clear cut demethylation leading to N(3)-acetylated diamines 20a-d and 22a,c,d in good yields
(Scheme 3). Water was excluded in the acetylation step of the Polonovsky reaction by using
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vacuo-dried 3-chloroperbenzoic acid [22]. N-Oxide formation at N(3)-atom of the 6-morpholino-
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3-azabicyclo[3.1.0]hexane derivatives was proved with diamines 8a and 9a as starting materials.
The N-oxides 19a and 21a were obtained as adducts with 3-chlorobenzoic acid. Strong low field
shifting of the '°C NMR signals of the N(3)-CH; (19a: A5 = 13.0 ppm, 21a: AS = 15.7 ppm) and

the N(3)-CH,-signal (19a: A5 = 14.4 ppm, 21a: A8 = 16.6 ppm) and almost no influencing of the

morpholine signals (A3 < 0.6 ppm) indicate the location of the N-oxide oxygen at N(3)-atom>?.
The configuration at N(3) can not be assigned unequivocally by these data; an outside attack of
the oxygen, however, seems to be most likely. 'H and °C NMR spectra indicate the presence of
only one single diastereomer. The acetyl group in the resulting morpholino-3-

a'n!bl(‘vt‘lnl'Q 1.0Thexane derivative ad hy traatmant wrs
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hydrochloric acid as shown exemplarily by the transformation of 20a,c to 23a,¢ and of 22a,c to

24a,c. A cyano moiety as in 20a or 22a remained unchanged, thereby (Scheme 3).

Scheme 3
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? For '*C NMR signals of starting materials 8a and 9a see r-f 23} and [24), respectively.
* A strong downfield shifting was reported for two '*C NMR signals of N-methylpyrrolidine upon oxidation to N-oxide: N-CH; : A8

=13.9 ppm; NCH,: A8 = 13.1 ppm [25].
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morpholine diastereomers 8¢ and 9¢ indeed ieads to buiiding biocks Z3¢ and Zdc which may be
of interest for construction of active compounds.

This simple way for demethylation of morpholino derivatives 8 and 9 prompted us to test its
applicability to dibenzylamino derivative 25, too. This would provide compound 27 which was

1 r1a1

used [12] for the synthesis of the 63-diastereomer of trovafioxacin Zb.

Bn. H 1. m-CIPBA BN_ _H 1.23% HCI BaN
CH,Cl, Y 100-110°C N
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Oxidation of 25 with 3-chloroperbenzoic acid and treatment of the resulting N-oxide with
acetic anhydride indeed caused a highly selective reaction at N(3) leading to acetylated
compound 26 which was deacetylated without further purification by acidic hydrolysis to give

demethylated compound 27 (66% vyield) (Scheme 4). Since starting material 25 is easily
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in 74% overail yieid [26], this Polonovsky type demethyiation reaction compiemenis an easy way
toc ompound 27.

The structures of the demethylated compounds 20, 22-24, 26 and 27 were deduced from the
3C and 'H NMR data. Hindrance of rotation of the amide function in 20a-d, 22a,c,d and 26 led

. o4 g h R P DO iy P

generaily to the observation of six different '"H NMR signals for the pyrrolidine unit which were
simulated with the Calm program [20] and designated as LMNOXY system as depicted in Figure
5 (26: LMNOXYZ system; R* corresponds to Z). A plane of symmetry is present in the
demethylated compounds 23a,c, 24a.c and 27; the corresponding 'H NMR signals are to be
described by an MM’NN’X X’ system and simulated by the Calm program [21], too (Figure 5).
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4. The regioselection in the dealkylation of 3-methyl-3-azabicyclo|3.1.0}hexane derivatives

The missing demethylation for 8 - 10 contratsts strongly with the selective N(3)-debenzylation
of tribenzyl derivative 28 by vinyl chloroformate (12) [12].* The cyanation or acylation of N(3)-
nitrogen atom in 1 should take place from the exo-side to lead to azonia intermediates 29 or 30

(Fionmre &)Y An incid = RnY mav
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debenzylated compound. Analogous removal of a methyl moiety from N(3) in 29 or 30 (R® =
Me), however, would require an Sy2-reaction. The strongly hindered attack of the halide anion to
the C-atom of the methyl group in the inside hemisphere of 29 and 30 is circumvented in this

case by the observed ring opening reaction.

imiiar differences of regioseiectivity of deaikyiation were found for ihe reacti
8] and an N-benzylpyrrolidine derivative [29].
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stronger C-H-acidity of the methyi group with respect to the methyiene moiety in acetoxy com-
pounds 31 and 32 becomes product determining in the elimination of acetic acid leading to
intermediates 33 and 34 (Figure 7). The way from the latter to acetamides 20 and 22 should pass
the steps by which the mechanism of the Polonovsky reaction is usually described [21].

Figure 7
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R',N = morpholine, dibenzylamine

5. Experimental

'H NMR and *C NMR spectra were obtained with a Bruker AMX 400 spectrometer (TMS as
internal standard). Microanalyses were performed using a Perkin-Elmer 2400 Elemental
Analyzer. Dealkylation reactions were run with exclusion of moisture (nitrogen atmosphere) in
water free solvents.

Reaction of 3-methyi-6-morpholino-3-azabicyclo[3.1.0]hexane derivatives 8a,b and 10 with
vinyl chioroformate (12) - general procedure: Vinyi chioroformate (12) was added to a soiution
of the bicyclic N-methyi compound (4.0 mmoi; 8a [23]: 0.83 g; 8b {30j: 0.73 g; 10 [23]: 0.975 g)
in 25 mL of dichloromethane (8a and 10) or ether (8b). The mixture was refluxed for 24 h and
then cooled to 0°C and poured into ice-cooied water (50 mi.). Separation of the organic phase
and extraction of the aqueous iayer with dichioromethane (3 x 25 mi.) gave crude urethane which
was crystaiiized from ether (1ia, 17) or pentane (1ib).

Vinyi  N-j(ia,2a,3a-3-chioromethyi-2-cyano-2-morphoiino-cyciopropyij-methyij-N-methyi-
carbamate (11a). Addition of 0.54 mL (5.4 mmoi) of vinyi chioroformate (iZ); yieid 0.92 g
(73%), mp 86°C; 'H NMR (CD3C¢Ds, 90°C): 8 1.26 (Hy, 1H), 1.38 (fix, 1H), 3.13 (Hi, 2H),
324 (HMI, H) 3.30 (HN, IH) (LzIVINXY system JLY =6.6 HZ JMlN =116 HZ JMIX = JNX =

7.3 Hz, Jxy = 9.9 Hz), 2.50 (s, 3H), 2.37 (in, 4H), 3.39 (m, 4H), 4.22 (Hme, 1H), 4.65 (Hs,
TYTN M AN /TT TYYN AL o a X 1A TII. Y £ ATY- T —_ 1 n 11 3 amm
1), /.44 ( A, 11} (ADIVLI SYSICILL, JaR = 14.9 N4, Jamy — U4 s JBM2 — 1.U m;, U INIVIIN
£ N O 1T EY F AN 1AM O I 11M A SN N1 A\ L A\ 1T ) AN /l’\1 VAN 20 A 1+
(LDC3) 0 103.0(8), 144.0(U), 11/.415), YO.1 (1), VO.I (), 2L.7 (Y, 44.1 1), 42.0 \5), J0.4 1,
1
Jen = 153 Hz), 34.0 (q), 30.9 (d, YJeu = 169 Hz), 27.8 (d, Jeu =1 5 Hz). Anal. Calcd. for
M YY O IZNT M M EN.TY L AN NT 19 AN oA M £ .0 £ 3.8 12 A
CraHyoUIN3U3I U, 33,09, 11, 0.42; IN, 12.0Y. rounnd: L, 1223.5, 11, 0.3, IN, 13.4.



Vinyl N-[(1a,2a,3a-2-chloromethyl-3-morpholino-cyclopropyl)-methyl ]-N-methylcarbamate
(11b). Addition of 1.2 mL (12 mmol) of vinyl chloroformate (12); yield 0.84 g (72%), mp 73°C;
'H NMR (CD;CN, 25°C): § 1.30 (Hy, 1H), 1.36 (Hyx, 1H), 1.97 (Hz, 1H), 3.50 (H., 1H), 3.68
(Ho, 1H), 3.75 (Hwmu, 1H), 3.91 (Hy, broadened, 1H) (LMNOXYZ system, };o = 14.4 Hz, Jiy =
52Hz, JMin=11.1Hz, Jyix =7.1 Hz, Jyx=7.1 Hz, Joy =84 Hz, Jxy = 9.6 Hz, Jxz = Jxz =
7.1), 2.92 and 2.96 (s, 3H), 2.42 (m,, 2H), 2.51 (m,, 2H), 3.59 (m,, 4H), 4.43 (Hpp, 1H), 4.76
(Hg, 1H), 7.15 (Ha, 1H) (ABM system, Jap = 13.8 Hz, Jamz = 5.6 Hz, Jmp = 1.0 Hz);
“CNMR (CDCL): 8 153.4 (s), 142.4 (d), 95.0 (t), 66.8 (1), 54.4 (1), 45.7 (d, Jeu = 173 Hz),
429 (t), 41.2 (t, 'Teu = 142 Hz), 33.7 (q), 22.6 (d, Jcu = 167 Hz), 19.5 (d, "Jeu = 159 Hz). Anal.
Calcd. for Ci3H;,CIN,O;: C, 54.07; H, 7.33; N, 9.70. Found: C, 54.2; H, 7.4; N, 9.4.

Vinyl N-[(1e, 2,3 -2-chloro-2-chloromethyi-3-cyano-3-morpholino-cyclopropyl)-methyl]-N-
methylcarbamate (17) Addition of 0.98 mL (9.8 mmol) of vinyl chloroformate (12); yield 1.03
g (74%), mp 142°C; 'H NMR (CD;C4Ds, 102°C): & 1.65 (Hx, 1H), 3.11 (Hwa, 1H), 3.31 (Hy,
1H, broad signal, in coalescence) (MNX system, Jyun = 11.1 Hz, Jyx=10.2 Hz, Jyx = 5.8 Hz),
2.76 (s, 3H), 2.49 (m., 4H), 3.41 (m,, 4H), 3.06 (H., 1H), 3.77 (Ho, 1H) (AB system, J;o =

15.3 Hz), 4.25 (Hyp, 1H), 4.73 (Hg, 1H), 7.22 (Ha, 1H) (ABM system, Jap = 14.0 Hz, Jane =
6.4 Hz, Jawp = 1.6 Hz); °C NMR (CsDsNO,, 100°C): § 154.3 (s), 143.4 (d), 113.5 (s), 96.4 (t),
67.0 (t), 56.0 (s), 51.4 (v), 51.2 (1), 51.0 (s), 41.5 (d), 40.5 (t), 36.0 (q). Anal. Calcd. for

Ci1sH19CLN30;: C, 48.29; H, 5.50; N, 12.07. Found: C, 48.1; H, 5.6; N, 11.7.

L N N R I |

2,2,2-Trichioroethyi N-[(1a,2a,3 a-3-chloromethyl-2-cyano-2-morpholino-cyclopropyl)-
methyl[-N-methylcarbamate  (14) from the reaction of 3-methyl-6-morpholino-3-
azabicyciof3.1.0jhexane derivative 8a with 2,2, 2-trichloroethyl chioroformate (13):
Trichioroethyl chioroformate 13 (1.5 mL, 10.9 mmoi) was added to a solution of the bicyclic N-
methyl compound 8a [23] (1.00 g, 4.8 mmol) in benzene (25 mL). The mixture was refluxed for
48 h. Then ether (25 mL) was added and the solution was extracted with aqueous hydrochloric
acid 3 M, 3 x 20 mL ) Addition of aqueous sodium nyoroxme solution (3 M) to the combined
acidic solutions until pn 12 is reached and suosequem extraction with dichioromethane (3 x 25

A

ve crude carbamate 14 which was recrysramzea from ether. Yield 1.43 g \Il"/o), mp

80°C; 'H NMR(CDgcst, 102°C): 8 1.36 (Hy, 1H), 142 (Hx, lH) 316 (Hy, 1H),327 (Ho
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N-[(l &, 2 &, 3 a-3-Bromomethyl-2-cyano-2-morpholino-cyclopropyl)-methyl]-N-methylcyan-

amide (16). Addition of 0.62 g (5.8 mmol) of cyanogen bromide (15); yield 1.19 g (95%), mp

92°C; '"H NMR (CD;CN): & 1.98 (Hy, 1H), 2.18 (Hy, 1H), 3.26 (Hy, 1H), 3.31 (Ho, 1H), 3.55
(Hy, 1H), 3.75 (Hy, 1H) (LMNOXY system, Jio = 13.3 Hz, Jiy = 6.1 Hz, Jaov = 10.8 Hz, Jax
=79 Hz, Jnx=7.2Hz, Joy=5.1 Hz, Jxy = 10.5 Hz), 2.12 (s, 3H), 2.60 (2H), 2.67 (2H), 3.56
(2H), 3.75 (2H) (broad, unsplit signals, morpholine); “C NMR (CDCl): 8 117.3 (s), 116.6 (s),
66.3 (1), 51.8 (1), 46.2 (1), 42.9 (s), 39.1 (q), 30.9 (d, 'Jcg = 168 Hz), 27.7 (d, 'Jeu = 162 Hz),
24.2 (t, ‘Jeu = 154 Hz). Anal. Calcd. for C,H;BrN,4O: C, 46.02; H, 5.47; N, 17.89. Found: C,
46.0;H,5.5; N, 17.9.

N-[ (Ia 26 3ﬂ—3-Bromomethyl— -chloro-2-cyano-2-morpholino-cyclopropyl)-methyl]-N-
memylcyanamzae (18). Addition of 0.98 g (9.3 mmoi) of cyanogen bromide (i5); yieid 1.07 g
(77%), mp 105°C; 'H NMR (CDCls): & 2.27 (Hx, 1H), 3.23 (Hy, 1H), 3.81 (Hy, 1H) (MNX
system, Jymny = 11.3 Hz, Jux = 1i.1 Hz, Jnx = 5.6 Hz), 3.44 (H;, iH), 3.66 (Ho, iH) (AB
system, Jio = 15.2 Hz), 3.07 G, 3H) 2.80 (m,, 4H), 3.74 (m., 4H); BC NMR (CDCL): 8 117.0
(s), 112.4 (s), 66.3 (1), 55.3 (s), 55.1 (t), 50.2 (t), 50.0 (s) 40.7 (d, 'Jcu

731 1+ a2 ww N a . —~ + ~ —~ T W ey —~ -
@, Jeu =

69 Hz), 40.6 (q), 25.4

N, i6.12. Found: C,

U

=1
154 Hz). Anai. Caicd. for Cy,H,(BrCiN,O: C, 41.46; H, 4.64,
41.4;H,4.7; N, 16.1.

Oxidation of methylazabicyclohexanecarboniiriles 8a and 9a with m-chioroperbenzoic dcid

(m- CIPBA) m-Chloroperbenzonc acid (m-CIPBA; 70%, 0.296 g, conesponds to 1.2 mmol of

o mm e mmeh e AT LN 3 a3 _ 1. _

pmt: III-\A.['DA} was dried in vacuo al rooin lculpcldluw (1 h) and then dissolved in
e - . — £
d to a solution of
. 1 N PUNISS LN Py
g, 1.0 mmol) in
C and for 2.5 h at 20°C.
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a,5 a,6a-6-Cyano-3-methyl-6-morpholino-3-azabicyclo/3.1. 0]hexane-3 oxide (21a)
lorobenzoic acid: Yield 0.33 g (87%), mp 135°C (decomp.); '"H NMR (CDCL;): 8 2.76 mv

L TR T, LIV P L7 £ N = ~AD

o 2HY 23R (H.. H... 2H) ./1 §‘7 m“ T—Ln TH) MA’NN’YY’ guetem Lior = Lo = 132
Lax’y &id), J SU L1, 22y ~rig, T \AENy SAN"y Laky yavaiva aNay Sadw Jovvaii, o MIN v IVI N .
Hz hix=Jux =38Hz Lix=lwx=70Hz L = = -1.5 Hz, L,v, =RS5 Hv\ 271 (m 4”\

Lidiy o

3.68 (mg, 4H) (morpholine), 345 (s, 3H), 7.33 (t, 1H), 7.46 (d, 1H), 7.93 (d, 1H), 8.04 (¢, 1H);

M X [E R I P 2 v oaaduy NN (LN B A



-.:

NMR (CDCly): 3 169.5 (s), 135.4 (s), 133.9 (s), 131.5 (d), 129.6 (d), 129.3 (d), 127.6 (d),
0 (s) 70.9 (t, Jeu = 141 Hz), 66.2 (t), 55.8 (q), 53.8 (s), 50.6 (t, ‘Jey = 135 Hz), 33.6 (d,

84 Hz). Anal. Calcd. for C1sH;CIN;O,: C, 56.92; H, 5.84; N, 11.06. Found: C, 56.5; H,
10 7.

Ull
o0 é“
z ||

3-Acetyl-3-azabicyclof3.1.0]hexane derivatives 20a-d,and 22a,c,d - general procedure: m-
Chioroperbenzoic acid (m-CIPBA; 70%, 0.296 g, corresponds to 1.2 mmol of pure m-CIPBA)
was dried in vacuo at room temperature (1h) and then dissolved in dichioromethane (20 mL).
This solution was added to a soiution of 3-methyi-azabicyciof3.1.0]jhexane derivative 8 or 9 (i.0
mmol; 8a [23]/9a [24]: 0.207 g; 8b [30] 0.182 g; 8¢/9¢ [15]: 0.258 g; 8d/9d [15] 0.196 g) in
dichioromethane (/ mL) at 0°C. The mixture was stirred for 0.5 h at 0°C and for 2.5 h at 20°C.
Then acetic anhydride (i.42 mi, 15.0 mmoi) was added and stirring was continued (9¢: 2h;
8a/9a; 4h; 8b-d, 9d: 16h). Removai of the soivent in vacuo, addition of aqueous sodium
hydroxide solution (20%, 5 mL) to the residue and subsequent extraction with ether (3 x 50 mL)
and dichioromethane (3 x 50 mL) gave crude acetyi derivatives 20 and 22 which were purified
by distiiiation in a Kugeirohr apparatus and recrystaiiization.
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4-(la,5a,6 -3-Acetyl-6-phenyl-3-azabicyclo[3. 1.0 ]hex-6-yl)-morpholine (20c¢): Distillation at

120-130°C/0 001 Torr and rannretalhvatlnn from };\pntnnp - ether (A 7\ vip]d 0187 g (ﬁﬁoA\\ mp
140°C 13 N\MR (CDCLY 32058 m‘, HJ\ 2.09 (T—L, lm 259 (I—L 1m 3.70 (T—T“ 1 2 70
(H. . V381 (I—L\ 1T (1 ]\/ﬂ\]ﬁYVQ\/prm T”‘._ln7n'7 T....—-]?ﬁf{z Lhv=57Hz Jrv =
A 1M 1‘*}’ 3 R A v MN L&D 228, ONK T > vOY

57 Hz, Iy = 8.4 Hz), 2.06 (s, 3H), 2.34 (2H), 2. 56 (2H), 3.48 (2H), 3.73 (2H) (broad, unsplit

morpholine) 7.22 (m_ 2H) 7.32 (m IHY: {“NT\/I“R’ ((‘n(“n by 1670(::\ IZQRIQ\

AL PPUINIISRIN Sy T cKeku \BREC, Lok i)y iCy ALy, NLivaLNn Y A T P L

\ 128.0 (d), 127.7 (d), 67.2 (1), mam , 50.5 (1), 50. Y ‘)gqm e

LA vy, ¥ (2] vl

\ 292 m lr H= 170 Hz) ')7 7 (q). Ana_]_ Caled.

N A adiyy =

Found. C, 70.9, H, 74;N,9.8.
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4-(1a,5 0,6 -3-Acetyl-6-methyl-3-azabicyclo[3. 1.0 Jhex-6-yl)-morpholine (20d): Distillation at
80°C/0.001 Torr and recrystallization from ether; yield 0.142 g (63%), mp 91°C; '"H NMR
(CDCls): 5 1.54 (Hx, 1H), 1.57 (Hy, 1H), 3.35 (H;, 1H), 3.53 (Hy, 1H), 3.55 (Hum, 1H), 3.63
(I{o, 1}‘1) (LN[NOXY system, JLO =10.5 HZ, JMN =11.3 HZ, JN)( =44 HZ, Joy =58 HZ, JXY =
7.8 Hz), 1.05 (s, 3H), 1.98 (s, 3H), 2.42 (2H), 2.70 (2H), 3.48 (2H), 3.76 (2H) (broad, unsplit
signals, morpholine); °C NMR (CDCLs): & 167.7 (s), 67.3 (t), 49.6 (t), 47.4 (t), 45.6 (t), 45.4
(S), 30.8 ((i, 1.T(;H = 17

C12H20N20,: C, 64.26;

I W
<o O

Hz), 30.1 (d, Jeg = 170 Hz), 22.5 (q), 14.2 (q). Anal. Calcd. for
,899; N, 12.49. Found: C, 64.2; H, 9.0; N, 12.7.

m\

la,5a,6a-3-Acetyi-6-morpholino-3-azabicyciof3. I.0]hexane-6-carbonitrile  (22a):  Distil-

lation at 200°C/0.001 Torr and recrystaliization from toluene; yield 0.12 g (51%), mp 195°C;
'HNMR (CDCl): & 2.12 (Hx, 1H), 2.15 (Hy, 1H), 3.65 (Hy, 1H), 3.71 (Hy, 1H), 3.79 (Ho,

1H), 3.89 (Hy, 1H) (LMNOXY system, Jio = 11.2 Hz, Jun = 12.9 Hz, Jnxx =4.7 Hz, Joy = 4.8
v N ~w e 1

Hz, Jxy = 7.9 Hz), 2.02 (s, 3H), 2.70 (mn, 4H), 3.67 (m,, 4H), ""C N
5 H

112.9 (s), 66.5 (t), 50.6 (1), 47.5 (1), 46.4 (s), 46.0 (), 31.8 (d, 'Jou = 177 Hz), 31.0 (d, Ty =
177 Hz), 22.5 (q). Anal. Calcd. for C\,H;7N;0,: C, 61.26; H, 7.28; N, 17.86. Found: C, 61.2; H,
73;N, 175

a,6a-3-Acetyl-6-phenyl-3-azabicyclo[3. 1.0]hex-6-ylj-morpholine (22¢): Distillation at

Torr and recrystallization from ether; yield 0.212 g (74%), mp 147°C; 'H NMR
fa s Lo B4
3.0

b A N AN ITY 1Y\

98 (Hy, 1H), 2.00 (Hy, 1H), 3.35 (Hy, 1H), 3.42
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4-(la,5a, 6 a-3-Acetyl-6-methyl-3-azabicyclo[3.1.0]hex-6-yl)-morpholine (22d): Distillation
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1

Distillation  at
g (60%), mp 81°C (lit [27]: 81°C); identical in the 'H NMR and

(23a):

d 0.058

a, S a,6-6-Morpholino-3-azabicyclo[3.1.0]hexane-6-carbonitrile

°C/0.001 Torr; yiel

1

C NMR spectra with respect to published data [27]).

60

L - s (™ —— o + o~ o -
= __, nE=RS < “m 1 - | 5 _w nm, U
o 2.5 ~ 3 N RS
- x. ) : , ? e
o ,\)a_JN o = ..m m K vJ., @ o] \lhvlm -~ mw
ST RENE 22X NO SiD | T B
mAZ W m.....l )] .m 'H.. e} 5] m o mnﬂ.a. [
— N - = e .3W -_— - 4.. .
m..uHx.J m“\dj.& AR \uwm R =2
AaNES AS—3 2 AU NS=A
AxdEn g XNl L A 2o @
jan o 7 o N =0 I o ™ -
~ L P/ mna- e — i 4
y_l 7~ » > ot -4
s ‘u 0 .nm % S | g — S~ nu Nk Lo T
&_8_: Y\\S}). ~ [Ze] vJ“1I. o~ “06.1 115“M
Qo lxTegw ~“&2I20Z azZlnds
o g -2 = D& . 5o e = o
» %6 — 2R 3 =+ s O
_Hrﬂ _JM —~n .I.., m a5 SIS n..laﬂ rm nm7 nm_l.,
m_C " mm_l Z, 20 . Fgw QO I Re =
ER zRw 5. SOE 5o 2SR f
S - .Dm mm/Or SO o oo
PR N’ Py v \ﬂJ/1. e .r S(Au-. ~ 2 NT ey S N T
S = 73 o ot SEEANEE A S O e
SEgmRIE $2787T SEgmcU
s O M=l A | N .
Tz 2 SO = 4 CEXaZe Rg 8o ag
b > ;II\. . N ~ P (Y N < S — 3.!,2
L pldgas §ULESY IEaEga
O ep 3 BEEBEIT Qe Y9
._C._vAO“ \\Ilv h..L\N a_m v_Aﬁuu\ :3Ux
MMO VA5__N NadJER "/_,.,I.. - P g o (i
SR 8 Q_UE2ZBE0 S ERXRO
=T 2 <7 @ g5 I D.nM Sk =0 Z o Sy
Tz w92 S ECeEs Uy 4 73 .0
~ R ) rj L T - ~ A= A
 Exs O SR T s Een 2
“ﬁ ¢ ~ I PRIV S e 0 DI ﬁ nV e
ST es e ATen FrSFa-2
~ Q¢ o . - - ~\
Sh-cgen € ixaZ FSFAS
O « S . | uf—-o. S ;—
SYNEDTPZ N P& SN gan
" 9 ¢ 'S ~
S .87 o0 SR ENSL SX2EF
ﬂ_l S~ g in =) rnma[ S =z <
P DA L2 PSR e PaJ o
n o 3%58 MnU n o L QO 2.9.\E./
) 8 oy N o RrQ N o e >z
WLM.M.Z../ w ! 3 ‘m ~ =8 ha) lymw s \lnql,_ e
I nufu\\h, \lﬁnj - -~ = en |l R m..l. hl\ [\ o .
S .9 § <« /R .. 28 T w0,
xS = L N m(\zo Rt~
im .:AJS\N il s} ..0 wummTJII. ﬂ-v-, /& >nw). nyih.d 1] H“
Encdat 80w TEACD 5
L "~ L O - st [ Ih
cegdl Fgd (L EERQ SEg 857
a.lnl ﬂ__ Au ,anUv ﬂveOuN S e N WM( u..QJ
" 8 =2 S 2 LR RSN Too
S g™ TS anu.'ma4\)ym, = =
~ S J O ~ e} .n../ S - F ~ o N o
f\.U. "m — o & S O] O,7 = - [
! > ™ L C.on 3§ QL O g ™Mo
b AN o ~oD KAT Y& 20 o2
ST N T N0 8 O oo
B en = O - en =52 X ~Cend Toe-

4 x 30
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la,5a,63-6-Dibenzylamino-3-azabicyclo[3.1.0]hexane (27). m-Chloroperbenzoic acid (m-
rlnmin
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mL) and distillation of the ether extract in a Kugelrohr apparatus at 110-120°C/0.001 Torr gave
pure dibenzylaminoazabicyclohexane 27. Yield 0.125 g (66%), mp 87°C (lit [12]: 86°C);
identical in the 'H NMR and "C NMR spectra with respect to published data [12]).
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