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Abstractr The crucial steps in the preparation of the enantiomerically pure amine 5 from the enol 
ester 3 ate: 1. Stereoselective reduction of the enol ester 3 to give the 8-hydroxy ester 6; 2. 
elimination of the hydroxy group of 6 according to the method of Barton and McCombie; 3. 
Hofmann rearrangement of the amide 12 with [bis(tritluoroacetoxy)iodo]benzene to yield the 
ammonium chloride 14aHCl. In contrast to the racemic amines (&)-la and (f)-2a the homochiral 
amine 5 did not influence the behaviour of mice. Therefore, we conclude that 5 after intraperitoneal 
application has no effects on the central nervous system. 

Benzomorphan analogues bearing the basic nitrogen atom at instead of in the tricyclic ring system can 
display remarkable effects on the central nervous system (CNS). Thus. anxiolytic and anticonvulsant 
activities were found for the methanobenzoxocinamine (&)-la.’ where the C-l carbon atom of the 
benzomorphans is replaced by an oxygen atom. In this series the orientation of the amino group in position 4 
is very important: The diastereomer (*)-lb with an axially oriented amino group led only to weak excitation 
of the mice2 Moving the oxygen atom to the methano bridge leads to the regioisomeric 
epoxybenzocyclooctenamines (k)-2 (tegioisomeric concerning the ring oxygen). Recently, we prepared the 

epoxybenzocyclooctenamines (k)-2 via a [3+5] ammlation reaction and found a similar relationship between 
the orientation of the amino group and the CNS effects: (&)A. the diastereomer with an equatorially 
oriented amino group was sedative and analgesic active, while (f)-2b (axial amino group) did not cause any 
central effects3 
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Therefore, we planed a stereoselective synthesis of the enantiomerically pure 

epoxybenxocyclooctenamine 5, which bears an equatorial amino group in position 7. Starting with the enol 
ester 3 (the @zto ester exists quantitatively in the enol fornQ4 the enol group should be stereoselectively 
reduced and eliminated to give the ester 4. which, subsequently, should be degraded without epimerixation 
at C-7 to afford the homochiral amine 5. 

CO&H3 

3 4 

Reduction of the enol ester 3 with NaBH4 in methanol provided a 40 : 60 mixture of the fi-hydroxy 
esters 6 and 7 bearing the hydroxy group in the equatorial position, respectively. However, the 
methoxycarbonyl group of the main diastereomer 7 is axially arranged and, therefore, 7 is not suitable for 

the preparation of the epoxybenxocyclooctenamine 5. 

H3c:&o+HsC:$& 

CO&H, 

+ 

OH 

3 6 7 (E = C02CH3) 

Table 1: Diastereoselectivity in the reduction of the enol ester 3 with NaBH_, 

Solvent Molequivalents Transformation Ratio 

CH30H : CH3CN of NaBh in% 6 : 7 

loo : 0 3 100 40 : 60 

50 : 50 1 100 80 : 20 

34 : 66 1 100 92 : 8 

0 : loo 5 10 loo : 0 
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We supposed that predominant formation of 7 may be influenced by properties of the solvent and, 

therefore, investigated exchange of methanol by aprotic acctonitrile. In fact, after 12 hours the signals of 
only one reduction product - 6 - were observed in the ‘H NMR spectrum of the crude reaction product This 
high diastereoselectivity in favour of the diequatorial &hydroxy ester 6 was payed with a very low yield 
(transformation only 1046). But, quantitative transformation of 3 was achieved after adding methanol to the 
solvent acetonitrile. A ratio of 34 : 66 (methanol : acetmihik) proved to be the optimum. In this solvent 
mixture the NaR& reduction of the enol ester 3 provided the diastereomeric 8-hydroxy esters 6 and 7 in a 
ratio of 92 : 8 (100% transformation, see table 1). The preferred formation of the diequatorial @hydroxy 
ester 6 in acetonitrile or acetonitriWmethano1 mixtures may be explained with an equilibration of the anion 
in position 7, which is created by hydride attack in position 8 of 3. This equilibration is suppressed by a 
great amount of methanol, which immediately protonates the anion. A reduction of a tautomeric fi-keto ester 
is not likely, because the ‘H NMR spectra of 3 in CDsOD, CD&N and CDCls indicate the existence of 3 
quantitatively in the enol ester tautomer. 

O&C=s, 

8 HF 

LOH 

‘CO,CH, 
OVM 

CO&H, 

.s H=co%H +z3&. 
s CO&H3 

6 9 4 

H3c;goH “;=’ H3cI&ovh :3%H 
S 

CO&H3 

7 10 11 
E = CO&H, Im= -R/-I 

UN 

Next, we planed to eliminate the hydroxy groups of the 8-hydroxy esters 6 and 7 according to the 
method of Barton and McCombie.’ The thiocarbamates 9 and 10 were obtained by acylation of 6 and 7 with 
l,l’-thiocarbonyldiimidaxole (8). Interestingly, the transformation of the diequatorial f&hydroxy eater 6 with 
two equivalents of 8 was complete after two hours, while the analogous acylation of the 8-hydroxy ester 7 
required ten equivalents of 8 and a prolonged reaction time of five hours. In &htxing tohrene the 
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thiocarbamate 9 was reduced with tributylstannane and 2.2’~axodi(2-methylpropanenitrile) (AIBN) to 
provide the desited ester 4 in 63 % yield. An epimerixation at C-7 was not observed. Smprisingly, the 
reaction of the diastereomeric thiocarbamte 10 with tributylstannane resulted in elimination instead of 
reduction. We assume that sn antiperiplanar orientation of the C-7 proton and the thiocarbamate residue in 
the boat conformation of the pyran ring of 10 favours the trans elimination to yield the a,jkmsaturated 
ester 11. 

Ammonolysis of the ester 4 led to the amide 12, which was tearranged by the hypervalent iodo 
compound [bis(trZlouroacetoxy)iodo]benzene (13)6 to afford the primary ammonium chloride 14HCl in 
84% yield. Urea derivatives resulting from addition of primary amines to the intermediate isocyanates, 
which are common side products in the Hofmann rearrangement of amides using bromine and NaOH as 

reagents,6* could not be detected in the rearrangement of the amide 12 with the iodo compound 13, because 
the primary amine 14 was immediately protonated by the liberated tritluoroacetic acid. In agreement with 
Loudon et al.,6b the marrangement of the amide 12 occurred without epimerixation in position 7. 

H@)SH q&H <qHfI&H 
CO&H3 CONHa 3 - WH3)z 

4 12 14.HCl 5 

Finally, the desired dimethylamine 5 was prepared by reductive methylation (formaldehyde, 
NaBH3CN)’ of the primary ammonium chloride 14eHCl. 

To investigate the CNS activity of the amine 5 we watched the behaviour of mice after huraperitoneal 
application of the test compound (Irwin screen).* However, doses of 50 mg/kg body weight and 100 mg/kg 
body weight did not cause any effects pointing to actions of 5 on the CNS of the mice. We suppose that the 
inefficacy of the dextrorotatory amine 5 in comparison with the racemic amines (*)-la and (k)-2a is due to 
the methoxy substituents in position 2 and 3 of the ring system, which might influence the phsrmacokinetic 

properties. 
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Experimental 

General: Unless otherwise noted reactions were conducted under dry nitrogen.- Plash chromatography:9 

Silica gel, 0.040 - 0.063 mm.- Melting points: Melting point apparatus Dr. Tottoli (Btichi), uncorrected.- 

Optical rotation: Polarimeter (Zeiss), 0.5 dm tube, polarhneter 241 (Perhin Elmer), 1.0 dm tube. The 

dimension of the specific optical rotation [a] is &ubmldm-t+g-‘1; concentration c in [8/100 ml]; 

temperature 20°C Elemental analyses: CHN elemental analyzer Rapid (Heraeus).- MS: Mass spectrometer 

CH 7 (Varian).- IR: JR spectrophotometer 710 B and 1600 FT-JR (Perkin Elmer).- NMR: GSX FT NMR 

spectrometer, 400 MHz (Jeol). tetramethylsilane as internal standard.- Experimental details concetning the 

pharmacological tests see tef’O. 

(5&7R,8S,9S)+) and (5S,7S,8S,9s)-(-)yl S,PEpox~-5,6,7,sg,l~~x~y~h~xy- 

2~methoxy-5-methyl-~ydooetene-7_ (6) and (7) 

suspension of 3 (2.36 g, 7.37 mmol) in methanol (50 mL) NaB& (0.84 g, 22.1 mmol) was added 

within 10 mitt at room temperature. After 1 h the solvent was and the residue was dissolved in 

CHaCla (50 mL). The CHaCla layer was washed with 0.5 N NaOH (40 mL), dried (MgSG.,), concentrated in 
vacua and the residue (2.37 g, oil) was purified by flash chromatography : methanol = 
96 : 4). 

6 & = 0.57): Yield 0.37 g (16%) colourless solid (@O), m.p. 162’T; [a]% = -2.0; [U]~ = -1.8 (c = 0.500 
in CHCls). C17Hu06 (322.4) calcd. C 63.34 H 6.88 found 63.53 H 6.69.- Mol. mass 322 (ms).- JR (KBr): v 
= 3444 (broad, OH), 1740 (0) cm- l.- ‘H NMR (CD@): 6 (ppm) = 1.60 (s, 3H, CHs), 1.88 (t, J = 13.2 

Hz, lH, H-6 axial), 1.99 (dd. J = 13.2/4.4 Hz, lH, H-6 equatorial), 2.34 (td, J = 13.Z4.4 Hz, lH, H-7 axial), 

2.99 (d, J = 17.6 Hz, 1H. H-10). 3.10 (dd, J = 17.6/7.3 Hz, 1H. H-10). 3.17 (d. J = 2.9 Hz, lH, OH), 3.67 (s, 
3H, COzCH3), 3.86 (s, 6H, 2 x OCH& 4.20 (ddd, J = 13.2/7.3/2.9 Hz. lH, H-8 axial), 4.38 (t, J = 7.3 Hz, 
lH, H-9),6.58 (s, 1H. aromat.), 6.62 (s, lH, aromat.). 
7 (Rf = 0.72): Yield 0.57 g (24%) colourless solid (iPr20), m.p. 122°C; [c& = -68.3, [a],, = -59.2 (c = 

0.265 in CHCls). C17H2206 (322.4) calcd. C 63.34 H 6.88 found C 63.41 H 6.63.- Mol. mass 322 (ms).- JR 

(IW: v = 3446 (sharp, OH), 1687 (GO) cm-‘.- ‘H NMR (CDCl$: 6 @pm) = 1.56 (s, 3H, CH$, 2.05 (dd, 

J = 13.915.9 Hz, lH, H-6 axial). 2.47 (d, J = 13.9 Hz, lH, H-6 equatorial), 2.88 (t, J = 5.9 Hz, lH, H-7 

equatorial), 2.93 (d. J = 16.9 Hz, lH, H-lo), 3.05 (s, 3H, C02CH3), 3.14 (dd, J = 16.9I7.3 Hz, lH, H-lo), 
3.85 (s. 3H. OCH,), 3.86 (s. 3H, OCH$, 4.14 (m, lH, H-8 axial), 4.35 (dd, J = 7.3/5.9 Hz, lH, H-9), 5.14 (d, 
J = 8.1 Hz, lH, OH), 6.50 (s, lH, aromat.), 6.57 (s, 1H. aromat.). 
b) The reaction of 3 (1.00 g. 3.12 mmol) in acetouitrile (50 mL) and methanol (22 mL) with NsBH4 (0.12 g, 
3.12 mmol) provided 6 aud 7 in a ratio of 92 : 8. 
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(5S,9S)-(+)-Methyl5g-~xy-5~9,10-~~y~~~~~oxy-5-~yl-~y~~ 
7-earbuxylate (11) 
A solution of 10 (0.282 g, 0.652 mmol) in dry toluene (5 mL) was treated and worked up as described for 4. 
The residue (0.31 g colourless oil)) was purified by flash chromatography (petroleum ether : ethyl acetate = 
7 : 3; Rr = 0.40). Yield 46 mg (23%) colourless solid (i&O), m.p. 121 - 122°C; [a]546 = +58.3; [c&,s = 
+53.2 (c = 0.235 in CHCls). Ct,Hx,Os (304.3) calcd. C 67.09 H 6.62 found C 66.81 H 6.89.- MoL mass 304 
(ms).- IR (KBr): v = 2932 (C-H), 1702 (GO) cm-‘.- ‘H NMR (CDCls): 8 (ppm) = 1.64 (s, 3H, CHs), 2.50 - 
2.54 [m, 3H, H-10 (HI) and H-6 (2H)], 3.33 (dd, J = 1546.6 Hz, lH, H-10). 3.68 (s, 3H, CO&H& 3.83 (s, 

3H, OCHs), 3.85 (s, 3H, OCHs), 4.86 (d. J = 6.6 Hz, lH, H-9). 6.51 (s. lH, aromat.), 6.59 (s, lH, aromat.), 
6.95 (d, J = 1.5 Hz, lH, H-8). 

(5S,7S,9R)-(+)-5Q-Epoxy-5,6;1,8s,1ohexahyd~2,~me~oxy-5-~~yl-~~yd~ne 

‘I-carbuxamide (12) 
At O’C a solution of 4 (1.50 g, 4.90 mmol) and ammonium chloride (0.05 g) in dry methanol (30 mL) was 
saturated for 30 min with dry ammonia. Then, the reaction mixture was heated in a sealed tube (KUPC) for 

24 h. After cooling down the solvent was evaporated and the residue was purified by flash chromatography 
(CHzClz : CHsOH = 95 : 5). 
4 (Rr = 0.90): Yield 0.54 g (36%) colourless solid. 
12 (Rr = 0.20): Yield 0.92 g (64%) colourless solid (iBraO), m.p. 194’C; [a],, = +30.2; [c&,s = +26.4 (c = 

0.530 in CHCla). Ct6HzIN04 (291.4) calcd. C 65.96 H 7.26 N 4.81 found C 65.71 H 7.23 N 5.08.- Mol. 
mass 291 (ms).- JR (RBr): v = 3424 (NH, sharp), 1682 (C=O, amide I>, 1508 (GO, amide JI) cm-l.- tH 

NMR (CD(&): 6 (ppm) = 1.53 (s, 3H, CHs), 1.71 (dd, 3 = 13Z4.4 Hz, lH, H-6 equatorial), 1.79 (t, J = 13.2 
Hz, lH, H-6 axial), 1.78 - 1.80 (m, lH, H-8 equatorial), 2.05 (td. J = 13Z7.3 Hz, lH, H-8 axial), 2.20 (tt, J 

= 13.U4.4 Hz, lH, H-7 axial), 2.42 (d, J = 17.6 Hz, lH, H-10). 3.31 (dd, J = 17.6/7.3 Hz, lH, H-10). 3.79 (s, 
6H, 2 x OCHs), 4.46 (t, J = 7.3 Hz. lH, H-9), 5.23 (s broad, 2H, C0NJ-IJ-I. 6.50 (s, 1H. aromat.), 6.51 (s, lH, 
aromat.). 

(SS,7S,9S)-(+)_5g-Epoxy-5,6,7~9,le_hexah 

(14) 
Within 30 min a solution of [bis(trifluoroacetoxy)iodo]benzene (13. 1.36 g. 3.2 mmol) in acetonitrile (5.9 
mL) and water (5.9 mL) was slowly added to 12 (0.92 g, 3.2 mmol) in acetonitrile (8 mL). The reaction 

mixture was stirred for 12 h at room temp. Then, 0.5 N HCl(l80 mL) was added, the mixture was extracted 
with CHaClz (3x) and the aqueous layer concentrated in vacua. (Yield 0.80 g (84%) pale yellow solid 
[(+)-14*HCl], purity > 95%). TO obtain the free base 14 solid NaOH was added to an ice cold solution of the 
residue (14eHCl) in water (pH = 14). the water phase was extracted with EhO. the EbO layer was dried 
(MgSO,+) and evaporated in vacua. Yield 0.202 g (24%) colourless solid, m.p. 127 - 130°C; [a],, = +29.2; 

[cd578 = +26.7 (c = 2.155 14.HCl in CHsOH). C15Hz1Nq (263.3) calcd. C 68.42 H 8.04 N 5.32 found C 
68.27 H 8.14 N 5.36.- Mol. mass 263 (ms).- IR (KBr): v = 3344 (NH, broad) cm-‘.- ‘H NMR (CDQ): S 

(ppm) = 1.39 (t, J = 11.7 Hz. lH, H-6 axial), 1.47 (s broad, 2H, NH& 1.58 (s, 3H, CH$. 1.65 (td, J = 
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11.7/7.3 Hz, lH, H-8 axial), 1.85 (dd, J = 11.7/4.4 Hz, 2H, H-6 equatorial and H-8 equatorial), 2.48 (d, J = 
16.8 Hz, lH, H-10). 2.67 (tt, J = 11.714.4 Hz, lH, H-7 axial), 3.35 (dd, J = 16XW7.3 Hz, lH, H-10). 3.85 (s, 
3H, GCHs), 3.86 (s, 3H, GCHs), 4.53 (t, J = 7.3 Hz, lH, H-9), 6.55 (s, 1H. aromat), 6.57 (s, lH, aromat.). 

To an ice cold solution of 14.HCl(O.80 g, 2.67 mmol) in methanol (10 mL) formaline (36%. 2.4 mL, 26.7 
mmol), NaBHsCN (85%. 0.49 g, 6.68 mmol) and acetic acid (pH 5 - 6) were added successively. Then, the 
mixture was stirred at room temp. for 24 h. After the addition of cont. HCl (3.5 mL) the solvent was 

evaporated in vacua at 5O’C. The residue was dissolved in water (5 mL). the aqueous layer was brought to 
pH = 14 (solid KOH) and extracted with ethyl acetate. The organic layer was dried (MgSO& the solvent 
was evaporated in vacua and the residue (0.69 g) was purified by flash chromatography (CHaC& : CHsOH = 

8 : 2; Rr = 0.35). Yield 0.37 g (48%) colourless solid (EhO), m.p. 69 - 71’C; [c&s = +15.0; [&s = +13.0 
(c = 1.000 in CHCls). Cr7HuNOs (291.4) calcd. C 70.07 H 8.65 N 481 found C 69.84 H 8.81 N 4.73.- Mol. 
mass 291 (ms).- JR (KBr): v = 2932 (C-H) cm- ‘.- ‘H NMR (CDCls): 8 (ppm) = 1.59 (s, 3H, CHs). 1.80 - 

1.84 (m, 4H. H-6 and H-8). 2.16 [s. 6H, N(CHs)& 2.21 (tt, J = 11.0/4.4 Hz, 1H. H-7 axial), 2.47 (d, J = 16.9 
Hz, lH, H-10). 3.35 (dd, J = 16.918.1 Hz, lH, H-10). 3.857 (s, 3H, GCH,). 3.863 (s, 3H, GCHs), 4.58 (t, J = 
8.1 Hz, lH, H-9), 6.56 (s. 2H, aromat). 

Adcnowkdgements: We wish to thank Pro& F. Eden for generous support Thanks are also due to the 
Snuiiens@ung des Deutschen Volkes for a stipend. This project is supported by the Deutsche 

Forschungsgemeinschafr and the Fends &r Chemischen Indushie. 

References 

1. 
2. 

3. 

4. 

5. 

6. 

7. 
8. 

9. 

10. 

Glaxo Group Limited (Storer, R.), Eur. Pat. 24842 (11 March 1981); Chem Absrr. l!M31,95,62092f. 

Eiden, F.; Gmeiner, P. Arch. Pham~ (Weinheim, Ger.) 1%7,320,213 - 222. 

Wtinsch, B.; Zott, M.; Hofner. G. Liebigs Ann. Chem 1992.1225 - 1230. 

Wtinsch, B.; Zott, M.; HBfner, G. Arch. Phann (Weinheim, Ger.) 1992,325,733 - 739. 

a) Barton, D. H. R; M&Zombie, S. W. J. Chem Sot. Perkin Trans. I, 1975.1574 - 1585.- 
b) Rasmussen, J. R. J. Org. Chem 1980.4.5,2725 - 2727. 
a) WaIdmann, H. Nachr. Chem Tech. Lab. 1991.39.828 - 832.- b) Loudon, G. M.; Rodhakri&a, A. 

S.; Almoud, M.; Blodgett, J. K.; Boutin, R. H. J. Org. Chern 1984,49,4272 - 4276. 
Botch, R. F.; Bernstein, M. D.; Dumf H. D. J. Am Chem Sot. 1971,93,2897 - 2904. 

a) Irwin, S. Psychophannacologia 1968, 13, 222 - 257.- b) Campbell, D. E. S.; Richter, W. Acta 

PhmmacoL Toxicol. 1%7.25,345 - 363. 

Still, W.; Kahn, M.; Mitra, A. J. Org. Chem l978,43,2923 - 2925. 
Wtinsch, B.; Hofner, G.; Bauschke, G. Arch. Phurm (Weinheim, Ger.) l!J93,326,101- 113. 

(Received in Germany 25 March 1994; accepted 6 May 1994) 


