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-- The synthesis of epimeric (1 ,6@.10&)-decahydro-5-methyl-1-phenyl-lg-2,5- 
benaoxaeines is described. 

Tetrahydro-5-methyl-l-phenyl-1~-2,5-benaoxazine (nefopam) is reported to be an analgesic agent. 2 

ilefopam is of interest because its analgesic effects are not reversed by the opieid antagonist 

nal~none.~ We wanted to determine whether compounds related to nefopam but with the fused benzene 

ring replaced by cyclohexane would retain analgesic activity. 

Results and Discussion 

Epimeric (1,6~,lO&)-decahydro-5-methyl-l-phenyl-l~-2,5-benzaxaeines fi and 19 were synthesized by 

the route shown in the Scheme. The synthesis of ketoacid 2 is based on a procedure by Fieser et 

and tine stereochemistry was established aa cis.5 Reduction of 2 with sodium borohydrida gnvc 

lactones 2 and 2 in a 2 : l  mtio. The ratio was deterained by integration of ths relative 

intensities of the benzyl nethines in the PIMl spectrum. From Dreiding models it is clear that 

loctone 2 would predominate upon reduction for sterie reasons. Based on preparative 

considerations, we decided to carry the diastereorneric mixture along the synthesis until the 

cnrbinolamine 5 stage. At this point, we wsre able to preferentinlly crystallize the predominant 

epinar (2) from the mixture as the !lCl salt. The minor epinnr 2 remains in the mother liquor and 

was obtained as an amorphous solid upon removal of solvent. 

In generating chloroacetamidocarbinol 6A, excess chloroocetyl chloride was used followed by ester 

hydrolysis with base. Use of 1 eq of mid chloride gives a mixture of 6A, chloroacetyl ester, the 

diacetylated adduct and starting material. Note, however, that the hydrolysis must be done at 0% 

since higher temperatures bring about displacement of chlorine by methoxide giving a 

methoxyaeetamidocarbinol instead of the deoired product Q. 

Although cyclization of chloraacetamidocarbinol & to give 3 can be effected with dimsylanion in 

dimethylsulfoxide, experimentally it was more advantageous, both in yield and ease of procedure, to 

use sodium hydride in tetrahydrofuran (TIIF). This latter method is interesting in that cycliaation 

is retarded under complete anhydrous conditions, whereas, the reaction goes to completion at reflu 



upon addition of a catalytic amount of water. Reduction of 711 with lithium aluminum hydride (LAH) 

in THF at reflu gave the target compound s. Compound 18 was prepared by the sane sequence of 

steps as for s. 
Scheme 
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Reaction eonditans: 1) NaBH /EtOH; 2) HClIEther; 3) 40% CH NH /THF; 4 )  LAIf/THF; 5 )  HClIEther, 
L 3 2 

fractional crystallization; 6. Chlaroacetyl chloride, PyridinalTKF; 7) N~OHIM~OH, O'C; SINaHITKF, 

catalytic amount H 0; 9) LAH/THF. 
2 

Support for the assignnent of all & relative configuration to is found in the PMR spectrum. 

6 
The benaylmethine appears as a singlet and an analogous system also has a singlet for the all & 

stereochemistry. In contrast the benzylmethine of epimer 2 appears as doublet (~=ioHz). llowever. 

it is not possible "sing Dreiding models to predict the dihedral angle between the benaylnethine 

and the adjacent cyolohexylmethine for 18 because of the flexibility of the eight membered ring. 

Therefore, an X-ray analysis was employed to provide an unambiguous stereochemistry for z. The 
investigation demonstrated that the relative c ~ ~ f i ~ ~ r a t i o n  assumed for 2 is c~rrect.~ The Figure 

contains a boll and stick three dimensional representation for E. 

Figure 
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Analgesic testing of both 2 and was carried out in rats by the warn plate test.' Although 2 is 

inactive, g is about as potent (ED50 9 mglkg) as nefopam (EDg0 7 mglkg). 

wm1mAL 

Lactonss 3. To an ice odd solution of sodium borohydride (7.6 g, 0.2 mol) in 95% ethanol (1 L) was 

added a solution of ketoacid 2.' After stirring 2 h at roan temperature, 10% aq HC1 and ether were 

added. The resulting biphhse solution was gently refluxed overnight to effect lactoniaatian. The 

ethereal phase was separated, washed with brine, dried (Na2S04) and concentrated to give 20.4 g 

(94% yield) of epineric lactones 2 as an 011. IR (neat): 1780 (C=O); 1175, 1130 (C-0-C); and 

690-770 (Ar C-HI. PMR (CDC1 1: 1.30 (s, 5H); bensyllnethines (1H) in a 2:l ratlo, 5.47 (d, 
3 

J=5Hz) and 5.18 (d, J=3Ha); and 3.0 to 1.0 ppm (n, 10H). 

Carbinolhmides 4. A mixture of lactones 2 (19.1 g, 88.4 mmal), 40% aq methylamine and THF was 

stirred at room temperature overnight. Chlaroforn was added and the organic phase was washed with 

10% aq HC1, saturated aq NaHC03, dried (Na2S04) and concentrated to give 21.6 g (99% yield) of 

epimeric carbindamides 4. IR (neat): 3350, 3400 (N-M, 0-H); 1650 (C.0); and 690-770 cm_l (Ar C-A). 

PMR (CDC1 ) :  7.27 (s, 5H); benzylmethines (1H) in a 2:l ratio, 4.61 (d, J=2Hs) and L.48 (d, J=811z); 
3 

aminemethyls (3H) in o 2:l ratio. 2.68 (s) and 2.61 ( 8 ) ;  and 2.5 to 1.0 ppm (m, 1011). 

Carbinalamines 5A and 5B. T o  a slurry of LAH (5.7 8, 150 omol) in THF (200ml) was added n solution 

of carbinolanides 4 (18.5 g, 14.9 mmol) in TilF (200 ml). The reaction was refluned for 3 h, then 

cooled. The excess LAH was decomposed in succession with water (5.7 nl), 15% aq NaOH (5.7 nl) and 

water (17.1 ml). After stirring for 30 min the resulting suspension was filtered through a pnd of 

MgSO and concentrated to give 16.6 g (95% yield) of epineric carbinolamines 5 as an oil. Ethereal 
4 

KC1 ( e x c e s s )  was added to the oil dissolved in ether. The resulting precipitate was filtered, 

washed with ether and dissolved in a nethanol-ether solution. Carbinolamine HCl 2 (6.3 g, 33% 

yield) was the major epimer, rnp 218-221'~. IR (KBr): 3380 (0-H); 2800, 2750, 2460, 2410 (+~111~); 

1MJ5, 1494, 1480 (+Nl12, C=C); 1075, 1060, 1000, 915 (C-0, C-N); and 755, 750. 700 cn-' (Ar C-H). 

PMR (D20): 7.50 (m, 5H); 4.68 (d, 1H. J=8Ha); 3.20 (m, 2H); 2.65 ( 8 ,  3H); and 2.2 to 1.0 ppm (m. 

10H). IkIS mle (rel. intensity): 233 (pi, 21) and LL (100). Anal. calcd. for C1;H23N0.HC1: C, 66.79; 

H, 8.91; H, 5.19; C1, 13.17. Found: C, 66.98; H, 9.09; A, 5.17; C1, 13.24. 

Carbinolamlne-ACl 58 was separated from the epimeric solution by exhaustive recrystallization. 

After concentrating the mother liquor, 58 was obtained as an amorphous solid, np 170-178%. IR 

( K B r ) :  3400 (0-A); 2800, 2480, 2420 ('NH~); 1605, 1495 ('NH~, C=C); 1025 (C-0); and 755, 700 ern-' 

(Ar C-H). PMR (D 0). 7.55 ( s ,  5E); 4.57 (d, 1H. J=12Hs); 3.34 (d, 2H, J=bRz); 2.85 (s, 3H); and 2.2 2 '  

to 1.0 ppm (m. 10iI). :IS nle (re1 intensity): 233 (pt. 9) and 44 (100). 

Chloroacetamidocarbinol 6A. To a cold suspension of 2 (6.06 g, 22.5 mod). pyridine (12 ml) and 



THF (200 ml) was added chloroacetyl chloride (3.76 ml, 47.25 mmol) in THF (50 ml). The reaction was 

stirred for 6 h at room temperature and the solvent was removed in giving a dark oil. The oil 

was carefully dissolved in ice cold methanolic MaOH (3.5 g in 100 ol) and stirred at 0% for 2 h. 

Most of the methanol whs then removed in at 0%. Methylene chloride and ice were added and 

the organic phase was washed with brine, dried (MgSO and concentrated to an oil. The ail was 
4 

purified by HPLC using gradient elution starting with a 1:l mixture of ethyl a~etatelc~clohexane 

and increasing the ethyl acetate content of the eluent. The deslred product eluted first to give 

4.2 g (602 yield) of 021. IR (neat): 3450. 2550 (0-3); 1650 (C=O); and 690-770 cm-' (Ar C-R. C-Cl). 

PMR (CDC13): 7.3 ( 8 ,  5H); 4.34 (d, lH, J=8Aa); 3.86 ( 8 ,  2H); 2.7 to 4.2 (m, 2H); and 2.1 to 1.0 ppn 

(m, 10H). 

Bic~cloamide 7A. To a degreased suspension of sodium hrdride (3.9 6 50% dispersion in oil, 81 mol) 

in TdF (LOO nl) was added chloroacetanidocarbinol (12.1 g, 39.1 mol) in THF (100 ml). The 

reactlon mixture was brought to reflux and a catalytic amount of water (2 drops) was added. After 

stirring overnight at reflux the mixture was cooled and the excess sodium hydride was decomposed 

with saturated aq smmanium chloride. Chloroform was added and the organic phase was washed vith 10% 

aq RC1, 15% aq BaOB, brine, dried (!lgSO ) and concentrated to give a yellow oil. The oil was 
4 

crystallised froil a 40:60 mixture of ethyl acetatelcyclohexane to give 5.9 g (552 yield) of 7A, mp 

130-133%. IR (KBr): 1635 (C=O); 1595, 1585, 1495 (C=C); 1130 (C-0-C); 1400, 1350, 1230 (C-il); and 

745, 710 cmG1 (Ar C-H). PMR (CUC1 ): 7.34 ( s ,  5H); 4.56 ( s ,  1H); 5.00 (q, 13, J=7Hz); 2.75 (d, lH, 3 
J=O.~HI); 2.18 ( 0 ,  1H); 4.39 (q, 2H. J=9Rz); 3.08 (s, 3H); and 2.0 to 1.0 ppm (a, 9d). C!,B (CDC13) 

(off resonanoe): 170.06 ( a ,  C=O); 141.35 (s, Ar); 128.OL, 126.93, 125.66 (d, AT); 83.83 (d, 

benzyl); 71.26 (t, 0CH2); 51.83 (t, ACH2); 36.40 (q, liCd ) ;  44.30, 40.13 (d, angular); an2 34.47, 3 
25.76, 22.08, 19.71 ppm (t, ring). MS d e  (rel. intensity): 273 (pi, 31) and 168 (100). Anal. 

ealed. for Cl7HZ3NO2: C, 74.73: t i ,  8.42; N, 5.13. Found: C, 74.82; H, 8.60; L.1, 5.26. 

Bicycloamine ?A. To a slurry of LAB (1.52 g, 40.0 mmol) in THF (200 ol) was added a mlution of 

(2.73 g, 10.0 m01) in ThF (100 91). The mixture was refluxed for 3 h, then cooled. The excess LAH 

was decomposed in succession with water (1.5 ml). 15% aq NaOll (1.5 ml) and water (4.5 ml). After 

stirring for 20 min , the resulting suspension was filtered through KgSO,, to give an oil. The oil 

was purified by first making the henanic acid salt, crystallizing the salt (mp 165-168'~) from 

methanol/diisopropyl ether and neutralizing the salt vith 15% aq HnOH. The resulting free mine 

crystallized on standing to give 2.07 g (80% yield) of fi. IR (KBr): 2770 L C - ;  1600, 1490 

(C=C); 11 10 (C-0-C); 1070 (C-N-C) ; and 745, 705 cm-l (Ar C-H). P:4R (CDC1 ). 7.28 ( s .  FA); 4.85 (s, 3 '  
1H); 3.52 (m, 2 3 ) ;  2.34 (m,  111); L.16 (o, 2H); 2.42 ( 5 ,  3H); and 1.8 to 0.9 ppn (m, 10il). CMR 

(CDC13) (off resonance): 143.87 ( s ,  Ar); 127.81, 126.28, 125.74, (d, Ar); 84.51 (d, benzyl); 70.87 

(t, 0CH2); 59.53, 56.30 (t, NCH2); 45.90 q, NCH?); 46.69, 38.16 (d, angular); and 35.49, 26.57, 
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21.84. 19.81 ppm (t, cyclohexyl). MS m/e (rel. intensity): 259 (pt, 13) and 41 (100). Anal. Calcd. 

for C17Y25AO: C, 78.76; 9, 9.65; 8 ,  5.41. Found: C, 78.85; H, 9.69; N, 5.35. 

The experimental for the synthesis of bicycloamide and bioycloamine 1B from carbinolvnine HC1 2 

is identical to the corresponding epimers 3 and x. 'Therefore, only the crystallization procedure 

and analytical data are recorded for 78 and Q. 

Bicycloamide 78. The ail derived from cycliaation of chloroaeetamidocarbinol 68 was crystallized 

from ether, mp 109.111~~. IR (1:Br) 1630 (C=O); 1190 (C=C); 1100, 1085 (C-0-C); and 760, 705 cm-' 

(Ar C-H). PMR (CDC1 1: 7.36 ( 8 ,  5H); 5.10 (d, 19, J=121!z); L.01 ( s ,  2H); 3.03 ( s ,  311); 2.60 to 1.95 
3 

(m, 2H) and 1.95 to 1.20 ppm (m. 10B). CElR (CDC1 ). 172.0 (C.0); 129.8 (AT); 80.3 (benayl); 65.1 
3 '  

(OCII 1; 53.8, 39.4 (angular); 37.6 (?KHz); 33.0 (?IC1!3); 28.7, 25.9. 2b.8, 20.4 ppm (cyclohexyl). MS 2 

lnie (ral.  intensity): 273 (pi, 59) an3 57 (100). Anal. calcd. for C171123A02: G, 7L.77; li, 8.42; N, 

5.13. Found: C, 74.32; I!, 8.84; N, 5.15. 

Bicycloanine 10. The oil obtained from the reduction of was dissolved in a mixture of mcthanol 

and ether. After cooling overnight, was obtained as e cystalllne solid, np 140-1~1~~. IF! (IBr): 

2780 (N-C-H); 1600, 1580, 1490 (C=C); 1110 (C-0); 1060 (C-N); and 760, 710, 700 cm-' (Ar C-H). PMR 

(CUCl ) .  7.25 (s, 5H); 4.92 (d, lH, J=lOHa); 3.63 ( m ,  2H); 3.09 (q, 211, J=12Hs); 2.47 (s, 3H); 
3 '  

2.34, 2.85, 1.83 (m, 3H); and 1.7 to 1.0 ppm (m, 911). CllR (CDC13): 128.12, 127.28 (A*); 84.85 

(bonayl); 70.85 (CH20); 59.87, 57.31 (CH21); L7.35 (NCB3); 47.65, 32.48 (nnplar); 31.01, 26.26, 

23.40, 21.61 ppn (cyclohenyl). MS n/e (Rel. intensity): 259 (pi, 3) and 11 1  (100). Anal. calcd. for 

Cl7HZ5NO: C, 78.76; 11, 9.65; N, 5.41. Found: C, 78.67; H, 9.87; N, 5.17. 
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