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Abstract—Diastereomeric 2-(phenylhydroxymethyl)cyclohexylamines were synthesised by reduction of 2-benzoylcyclohexylamines.
(18", 2R")-2-Benzoylcyclohexylamine can be reduced diastereoselectively to the corresponding «y-amino alcohol with sodium borohydride;
for the trans counterpart (1R",2R")-2-benzoylcyclohexylamine, lithium aluminium hydride was found to be a selective reducing agent. In
both cases, high syn selectivities were observed. The amino alcohols were transformed to the corresponding cyclohexane-fused tetrahydro-
1,3-oxazin-2-ones and -2-thiones. The y-amino alcohols reacted with arylimidates to afford 4,5-dihydro-6H-1,3-oxazines. Their cyclization
with phenyl isothiocyanate yielded 2-phenyliminotetrahydro-1,3-oxazines. © 2001 Elsevier Science Ltd. All rights reserved.

1. Introduction

The stereocontrolled synthesis of 1,3-amino alcohols has
attracted much attention recently because of their
pharmacological properties and their utility as building
blocks for the preparation of potential pharmacons.!'~®
Alicyclic amino alcohol derivatives have also been intro-
duced into therapy. For example, ciramadol and tramadol
are used as analgesics.

The methods most generally applied for the preparation of
stereoisomeric 1,3-amino alcohols involve reduction reac-
tions.® These include mainly the reductions of the corre-
sponding [B-amino carbonyl derivatives or the cleavage of
N,O-heterocycles.’ The alicyclic amino alcohols can also be
obtained via these two procedures. However, various
methods can be used for the stereoselective preparation of
alicyclic 1,2-disubstituted 1,3-amino alcohols possessing
two stereogenic centres.'®~'? The preparation of the corre-
sponding stereohomogeneous alicyclic amino alcohols
possessing three stereogenic centres is more difficult and
is dependent on the selectivity of the reduction reaction.
On the other hand, as the number of possible stereoisomers
increases, only some of them can be prepared with good
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stereoselectivity. The literature syntheses of alicyclic
amino alcohols containing three stereogenic centres
commonly involve the reductions of B-amino ketones,'*~'?
enaminones'®™'® or isoxazolines.'**

In recent years, the synthesis of cycloalkane-fused hetero-
cycles has been one of our main research topics. A number
of alicycle-condensed oxazines, thiazines and pyrimidines
have been prepared by ring closure of the corresponding
1,3-difunctional compounds. The chemistry and stereo-
chemistry of the partially saturated heterocycles obtained
has been widely investigated.”’ As a continuation of our
earlier investigations, our present aim was the diastereo-
selective synthesis of hydroxymethylcyclohexylamines
containing a phenyl substituent on the carbon atom adjacent
to the anellation. The synthesised amino alcohols were
transformed to different alicycle-condensed 1,3-oxazines
for further conformational studies.

2. Synthesis

For the preparation of amino alcohols 3 and 6, amino
ketones 2 and 5 were chosen as key intermediates. N-Substi-
tuted derivatives of 2 and 5 were earlier prepared for
pharmacological studies of their analgesic activity.'” The
partially unsaturated derivative of 2, (1R*2S™)-N-(tert-
butoxycarbonyl)-2-[(3’,4’-methylenedioxy)benzyl]-4-cyclo-
hexenylamide was used as a building block in the synthesis
of montanine-type Amaryllidaceae alkaloids.”** To obtain
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Scheme 1. (a) 1 equiv. PCls, CH,Cl,, 0°C-1t, 2 h; (b) 3 equiv. AICl;, benzene, 60°C, 4 h; (c) 4 equiv. NaHB,, EtOH, —10°C-rt, 3 h (d) conc. HCI, 70°C;

(e) recrystallization from EtOH; (f) LiAlH,, Et,O, 0°C, 1 h—rt, 3 h.

the amino ketones 2 and S with known stereochemistry,
B-amino acids 1 and 4 were employed as starting materials
(Scheme 1).

Treatment of cis-2-aminocyclohexanecarboxylic acid 1
with phosphorus(V) chloride, and subsequent Friedel—
Crafts acylation in the presence of AlCl;, gave amino ketone
2 in relatively good yield (51%). The trans amino ketone §
was prepared similarly, starting from amino acid 4, but in
only moderate yield (24%). Epimerisation of the cis amino
ketone 2 in concentrated hydrochloric acid at 70°C for three
days resulted in a 1:9 mixture of 2 and 5. From this mixture,
the trans amino ketone 5 was obtained in 48% yield by
recrystallization from ethanol. By this method, 5 can be
prepared directly from the readily available cis-2-amino-
cyclohexanecarboxylic acid 1.

The reduction of (B-amino ketones with metal hydrides
usually occurs with syn selectivity,”* a preference
consistent with a B-chelated transition state.” The different
reductions of the cis amino ketone 2 also provided syn

Table 1. Selectivity of the reduction of cis-amino ketone 2

amino alcohol 3a as the major product. The cis amino
ketone 2 could be reduced diastereoselectively with
NaBH, in ethanol at —10°C (Table 1). For the trans
amino ketone 5, lithium aluminium hydride proved to be a
selective reducing agent. The '"H NMR spectrum of the
crude product of the reduction of 5 revealed a 9:1 mixture
of 6a and b.

An alternative synthesis of 3a is shown in Scheme 2.
B-Imino ketone 8 was prepared from B-diketone 7 and
benzylamine. The catalytic reduction of 8 with 5% Pt/C at
room temperature afforded 9 diastereoselectively. After
recrystallization from diisopropyl ether, the Pd(OH),/C-
catalysed hydrogenolysis of 9 provided amino alcohol 3a
in a yield of 88% (Scheme 2). For the preparation of amino
alcohols possessing structures similar to that of 3a, selective
reductions were performed with PtO,, starting from the
corresponding enamino ketones.'®'®

Alternatively, the addition of thiocyanic acid, generated
from potassium thiocyanate in 50% sulfuric acid, to

Reducing agent Reaction conditions 3a (%) 3b (%)

HCI salt NaBH, (4 equiv.) EtOH, rt (3 h) 89 11
HCI salt NaBH, (4 equiv.) EtOH, —10°C-rt (3h) 98 2
Base LiAlH, (2 equiv.) Et,0, 0°C (1 h)-rt (3 h) 71 29
Base L-Selectride” (3 equiv.) THF, —78°C (6 h)—rt (4 h) 42 58
Base Na (10 equiv.) i-PrOH/THF, rt (4 h) 43 57
Base 10% Pd/C® EtOH, rt (6 days) 70 30
Base Raney-Ni® EtOH, 1t (5 days) 92 8
4 Traces of trans isomers 6a and b were also detected.
> 01g/1g2.
©02¢g/1g2.
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Scheme 2. (a) 1.04 equiv. benzylamine, toluene, reflux, Dean—Stark trap, 3 h; (b) 5% Pt/C, H, (60 bar), EtOH, rt, six days; (c) 20% Pd(OH),/C, H, (60 bar),

MeOH, rt, 48 h.
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1-benzoylcyclohexene 11 afforded the isothiocyanate inter-
mediate 12, which was converted to amino ketone 5 via
acidic hydrolysis (Scheme 3). A similar addition to 1-acetyl-
Cyclohexene was earlier performed for the preparation of
(1R",2R")-2- acety]cyclohexy]amme

Amino alcohols 3a and 6a were transformed to different
alicycle-condensed 1,3-oxazines (Schemes 4 and 5).

The reactions of 3a and 6a with ethyl chloroformate
provided urethane intermediates, which were converted
with sodium methoxide to tetrahydro-1,3-oxazin-2-ones
13 and 18 in good yields. The corresponding 2-thiones 14
and 19 were prepared from 3a and 6a by reaction with
carbon disulfide in the presence of triethylamine. The
triethylammonium dithiocarbamate intermediates formed
were transformed without isolation to 2-thioxo-1,3-oxazines

h
CN
a (0] b
70%
10 11

by ethyl chloroformate treatment.”’ In these cases, only
moderate yields were obtained. The cyclizations of 3a and
6a with ethyl benzimidate in ethanol, under acid catalysis,
resulted in 4,5-dihydro-6H-1,3-oxazines 15 and 20. Treat-
ment of 3a and 6a with phenyl isothiocyanate provided the
thiourea derivatives 16 and 21. With methyl iodide, 16 and
21 gave thioethers, which were transformed in alkaline
medium to 2-phenyliminotetrahydro-1,3-oxazines 17 and
22.

3. Spectroscopic studies

The IR, 'H and *C NMR spectral data on compounds 2, 3,
5, 6, 8,9 and 13-22 are given in Tables 2 and 3 and prove
the structures unambiguously. The numbering of the
chemical names (compounds 2, 3, 5, 6, 8 and 9) according

h
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Scheme 3. (a) 1.2 equiv. PhMgBr, Et,0, reflux, 6 h; (b) 1 equiv. KSCN, 0.5 equiv. 50% H,SO,, 50°C, 6 h; (c) conc. HCI, 70°C, three days.
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Scheme 4. (a) 1.1 equiv. CICOOEt, 4.4 equiv. 10% NaOH in H,O/toluene, 30 min; (b) 0.11 equiv. NaOMe, 130°C, 1 h; (c) 11 equiv. CS,, 1.1 equiv. EGN,
CHCl3, 0°C—rt, four days; (d) 1.1 equiv. CICOOEt, 1.1 equiv. EtzN, CHCl;, 0°C, 5 min rt, 30 min reflux, 3 h; (e) 1 equiv. ethyl benzimidate, cat. CH;COOH,
ethanol, reflux, 36 h; (f) 1 equiv. PhASCN, toluene, 8 h; (g) 10 equiv. Mel, methanol, rt, 3 h; (h) 38 equiv. 15% KOH in methanol, rt, two days.
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Scheme 5. (a) 1.1 equiv. CICOOEt, 4.4 equiv. 10% NaOH in H,O/toluene, 30 min; (b) 0.11 equiv. NaOMe, 130°C, 1 h; (c) 1.1 equiv. CS,, 1.1 equiv. Et;N,
CHCl3, 0°C—1t, four days; (d) 1.1 equiv. CICOOEt, 1.1 equiv. EtzN, CHCl;, 0°C, 5 min rt, 30 min reflux, 3 h; (e) 1 equiv. ethyl benzimidate, cat. CH;COOH,
ethanol, reflux, 36 h; (f) 1 equiv. PhASCN, toluene, 8 h; (g) 10 equiv. Mel, methanol, rt, 3 h; (h) 38 equiv. 15% KOH in methanol, rt, two days.



Table 2. Characteristic IR frequencies (in KBr discs, cm ') and "H NMR data (in CDCI; solution, for 2, 3b and 5 in D,0, at 500 MHz. Chemical shifts in ppm, 81ys=0 ppm, coupling constants in Hz) on compounds 2,
3, 5,6, 8,9 and 13-22 (assignments were supported by 2D-HSC (HMQC) and for 13, 14, 17, 19, 20 and 22 also by DNOE measurements)

Compound H-2 d (1H)* H-4a m (1H)" H-8a (1H)* CH, (Pos. 5-8) 4-8 m’s (8H) H-2,6, H-3,5, H-4 H-2,6, H-3,5, H-4 vOH &vNH band vC=N band*
Phenyl in pos. 2 Phenyl in side-chain

2 - 3.84 3.65 1.4-2.0 7.82,7.44,7.58 - 3200-2800 1675
3a 4.99 ~1.6° 3.35 1.0-1.6° 7201, ~7.3 - 3400-2800 -
3b® 4.67 2.07 3.62 1.2-1.9 7.25-7.40° - 3400-2700 -

5 - 3.55 1.0-2.1 7.89 7.46, 7.60 - 3200-2800 1674
6a 4.70 1.61 2.40 0.7-1.7 7.1-7.3° - 3400-2700 -

8 - - - 1.4-2.5 7.40, ~7.33%, ~7.33° 7.26 - -

9 5.02 1.65 3.23 1.0-2.1 7.20f_, 7.25-7.40 ¢ 7.25-7.40° 3300-2600 -

13 5.42 1.99 3.95 1.0-1.9 7.25%,7.3-7.4 - 3235 1721
14 5.46 2.09 3.97 1.1-2.0 ~7.3¢ - 3185 1543
15 5.45 2.07 4.02 1.0-2.25 7.301,7.35-7.5 8.09, 7.3-7.4° - 1651
16 4.72 1.81 ~4.6" 1.1-2.25 ~7.25° 7.25,7.42,7.20 3500-3000 1234
17 5.36 ~2.0° 3.92 1.1-2.0° 7.25-7.4° 7.25-7.40%, 6.95 3250-2700 1669
18 5.34 ~1.95° 293 0.6-2.0° 7.16, ~7.35° - 3215, 3115 1698
19 5.47 ~2.0° 2.96 0.6-2.0° 7.12, ~7.35° - 3160 1550
20 5.40 1.85 2.99 0.6-2.3 7.16, ~7.28° 8.04, 7.40, 7.44 - 1641
21 4.98 ~1.3° 4.50 0.9-2.1° ~7.28° 7.22,7.46,7.18 3500-2700 1238
22 5.28 1.86 2.92 0.6-2.1 7.23, ~7.35° 7.35,7.23,6.93 3200-2700 1662

Further signals, N"Hj, br s (3H): 4.65 (2, 5), OH, br s (1H): ~ 3.3 (3a), ~2.2 (16), CH,_d (2H): 4.48, J: 6.0 (8), 2Xd (2x1H): 3.78 and 3.96, J: 12.5 (9), NH, sharp s(1H): 12. 4 (8), br s (1H): 6.6 (13), 8.1 and 8.3 (16 and

21, vicinal to phenyl), 7.4 (17), 6.65 (18), 8.3 (19), 5.8 (22), d 6.80, J: 7.3 (16), 5.92, J: 9.3 (21).

*J:1.5 (3a,9), 3.5 (6a, 16), 2.0 (13), 5.3 (18, 20), 2.5 (15), 4.5 (19, 22), 3.0 (21); singlet for 13 and 17, triplet for 16.

® Broad multiplet. Lines are resolved for 2 (td, J: 8.5, 4.2), 6a, (¢t, J: 12, 3.3) and 13 (d, J: 12.5).

¢ Lines are coalesced to broad signals for 14, 16 and 17. The multiplicity is identifiable for 6a and 22 (dr) and 21 (ga), respectively. Lines are separated to td, J: 7.0 and 3.5, (2); d, J: 2.8 (3a,9), J: 4.9 (3), 1, J: 3.0 (3b),
qa, J: 3.5 (15), dt, J: 11.0 and 4.0 (18-20).

4 »C=0 band for 2, 5, 13 and 18; group frequency of the thiourethane/thiourea of 3-NH or vC=S character for 14, 16, 19 and 21.

¢ Overlapping signals.

' The separated signal (1H) of one of the ortho-hydrogens.

¢ Hydrochloride.

" Broad signal.

8LIE

EQ1E-SLIE (100Z) LS U04payn.I2Y, / D 32 SOUIOSD) "
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to the [TUPAC nomenclature is not identical with that used in
the text, or in Tables 2 and 3, in order to facilitate the com-
parison of spectroscopically analogous data. As concerns the
stereostructures (the configurations and conformations), only
the following remarks are necessary. Compound 8 is
stabilized by chelation: via tautomeric rearrangement, 8
assumes a six-membered conjugated ring structure involving
an intramolecular hydrogen bond. Such an association is very
common for B-imino-oxo compounds.”®

Compounds 2 and 5, containing two asymmetric centres,
can exist in cis or trans configurations. In accordance with
expectations, compound 2 is the cis and 5 the trans isomer.
The sum of the shifts of the carbons of the cyclohexane ring
is 192.7 ppm for 2, and 209.4 ppm for 5. The sterically less
favourable structure of the cis isomer 2 is revealed in the
upfield shifts of the 3BC NMR lines, due to the steric
compression shift.”>** The 16.7 ppm difference in the
sum of the shifts is unambiguous proof of the configura-
tions. The heterobicycles 13—15, 17-20 and 22 containing
three asymmetric centres may exist as four stereoisomers
and, in the case of the cis-anellated skeleton, as two stable
(chair—chair) conformations each.

Compounds 18-20 and 22 are trans-anellated. This follows
from (i) the double triplet fine structure of the H-8a signal
due to two diaxial vicinal couplings of ca. 11 Hz, and (ii) the
downfield shifts of the C-4a lines in comparison with those
for the cis counterparts, in accordance with the expected
upfield shifts of these signals in the more crowded cis
isomers (field effect). While the C-4a shifts are
41.4%0.8 ppm for 18-20 and 22, they are 37.6=0.5 ppm
for the isomers 13—15 and 17. The smaller and opposite
difference in the C-8a shifts suggests conformationally
homogeneous, quasi-rigid structures for the cis isomers
with N(1) in a quasi-axial position. This is in accordance
with our earlier finding®'~* concerning the conformation of
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the cyclohexane-fused oxazines: of the two stable chair—
chair conformers of 3,1-oxazines containing NH(1) or sp2
N-1 vicinal to the anellated carbon, the N(1)-in form is
preferred. In compounds 13-15 and 17, this situation is
more probable, in consequence of the bulkier CHPh group
in position 4 bonded to the other anellated carbon instead of
the methylene group in the same position in the molecules
investigated earlier.

The relative configuration of C-4 was determined by means
of DNOE measurements (Table 3). For the frans-anellated
isomers, the interactions between H-8aax and the ortho
hydrogens of the 4-phenyl ring and the similar interactions
of the latter with H-5ax and between H-4 and H-5eq confirm
the axial position of the 4-phenyl substituent trans to H-4a
and cis to H-8a.

The DNOE results on the cis-anellated isomers 13, 15 and
17 prove the equatorial orientation of the 4-phenyl group
trans to both H-4a and H-8a. The most relevant NOE in this
respect was observed between H-4a and H-8a in the 1,3-
diaxial position.

The analogous stereostructures of 15 and 18 with those of
the other cis and trans-anellated compounds follow directly
from the very similar chemical shifts of the relevant H/C
atoms.

For the monocyclic compounds, it is easy to determine the
relative configurations of the substituted ring carbons and
the substituents, respectively, but this is not possible for the
third asymmetric carbon in the side-chain (position 4). The
tt and dt multiplicities of the H-4a and H-8a signals of 6a
(two large couplings of about 12 Hz), characteristic of
diaxial vicinal interactions, 5 are proof of the trans-
diequatorial position of the substituents. The upfield shift
(field effect) of the C-4a line (by 2.2 ppm) and the downfield

Table 3. '>C NMR chemical shifts (in ppm, d1yms=0 ppm), at 125.7 MHz. Solvent: CDCl; (for 2, 3b and 5: D,0) of compounds 2, 3, 5, 6, 8, 9 and 13-22
(assignments were supported by DEPT and 2D-HSC (HMQC), and for 8 and 9 also by 2D-COLOC (HMBC) measurements)

Compound ~ C-2* C-4 C4a C-5 C-6 C-7 C-8 C-8a  Phenyl in position 4 Phenyl in side-chain
C-1 C-26 C35 C4 C-1 C-26 C35 C4

2 - 206.5 447 263 230 210 279 498 1355 1289 1295 1348 - - - -

3a - 78.3 473 261 183 199 358 522 1441 1263 1282 1268 - - - -

3b° - 74.7 437 246 21.1 230 280 503 1427 1292 1287 127.0 - - - -

5 - 2044 493° 309 241 247 297 50.7° 1351 1290 1295 1350 - - - -

6a - 78.3 495 283 250 256 395 511 1431 127.1  127.6 1266 - - - -

8¢ - 1944 100.7 279 234 220 262 1642 1382 1266 127.8 1284 143.0 127.0 1288 1274
9 - 7719 471 254 200 184 28.1 58.0 1395 1258 1278 1264 1436 1285 1287 1274
13 155.4 81.8 381 249 188 197 310 508 137.8 1258 1286 128.1 - - - -

14 187.5 83.9 37.1 194 246 199 305 527  136.6 1259 1288 1284 - - - -

15 154.8 79.5 376 250 19.6 207 331 531 139.1 1254 127.2° 127.3 1339 128.0° 128.2° 1303
16 179.4 759 471 251 21.1° 21.0° 305 543 1363 125.8° 1282  127.0° 1434 1249° 1300 127.3°
17 148.5 81.1 386 254 206 195 330 523 1388 1258 1287 1292 1419 1198 1279 1219
18 154.0 82.5 415 261 233 253 323 492 137.1 1265 128.2° 128.2° - - - -

19 186.4 84.8 40.7 265 254 237 316 50.8 1363 1268 1290 1289 - - - -

20 1543 80.0 41.1 2777 257 251 345 50.1  139.1 1266 127.3° 127.8 1340 128.0° 128.1° 130.3
21 180.1 70.2 513 253 251 228 335 56.0 1357 125.8 127.8  127.6° 1424 1252 1304 126.3°
22 148.3 81.6 422 2777 262 251 351 502 1389 127.1 1286 1292 141.8 1198 1284 1219

* Urethane (13, 17, 18 and 22), thiourethane (14 and 19), thiocarbamide (16 and 21) or —O—C=N- group (15 and 20).

® Chlorohydrate, the major component in the 97:3 mixture.
¢ Interchangeable assignments.

4 NCHS,: 46.3.

¢ Overlapping lines.
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shift of the H-8a signal (by 0.95 ppm) for 3a in comparison
with 6a suggest an equatorial—axial change in the position
of the NH, group and thus the cis arrangement of the sub-
stituents (H-8a is more shielded in the axial position, in
accordance with the literature). In the salt of 3b, the main
component is cis-anellated, as indicated by the small ¢
splitting of the H-8a signal.

In the thioureas 16 and 21, this group is cis-axial and trans-
equatorial, as proved by the small splitting and downfield
shift of the H-8a signal in 16 and the upfield shifts of the
C-4a and C-8a lines (field effect).

4. Experimental
4.1. General

Melting points were determined on a Kofler apparatus and
are uncorrected. The physical and analytical data on the
compounds prepared are listed in Table 2. Amino acids 1
and 4 were prepared from the corresponding alicyclic 1,2-
dicarboxylic anhydrides by ammonolysis, followed b}f
Hoffmann degradation and ion-exchange chromatography.*
For the preparation of [-diketone 7, 4-cyclohex-1-enyl-
morpholine was reacted with benzoyl chloride and the
intermediate 4-(2-benzoylcyclohex-1-enyl)morpholine was
hydrolysed.*® The synthesis of 10 started from cyclohexa-
none and sodium cyanide; the cyanohydrin formed was
treated with phosphorus oxychloride in pyridine.*” The
Grignard reaction of 1-cyanocyclohexene with phenyl-
magnesium bromide afforded 11.%

IR spectra were run in KBr discs on a Bruker IFS-S 5 FT
sPectrometer, controlled by opus 2.0 software. The 'H and
C NMR spectra were recorded in CDCl; solution in 5 mm
tubes, at room temperature, on a Bruker DRX-500
spectrometer at 500.13 (*H) and 125.76 (13C) MHz, with
the deuterium signal of the solvent as the lock and TMS
as internal standard. For DNOE measurements,mb’36 the
standard Bruker microprogram DNOEMULT.AU to gener-
ate NOE?” was used with a selective pre-irradiation time.
DEPT spectra38 were run in a standard manner,” using only
the 6=135° pulse to separate the CH/CH; and CH, lines
phased up and down.

The 2D-COSY,* 2D-HMQC*# and 2D-HMBC®**
spectra were obtained by using the standard Bruker pulse
programs  COSYGSSW, HXCO.AU (INV4GSSW) and
HXXCO.AU (INV4GSLRNDSW), respectively.

4.1.1. (15",2R*)-2-Benzoylcyclohexylamine hydrochlo-
ride (2). To a suspension of phosphorus(V) chloride (21 g,
0.1 mol) in 300 mL of dichloromethane at 0°C, cis-2-amino-
cyclohexanecarboxylic acid 1 (14.32 g, 0.1 mol) was added
and the mixture was stirred for 2 h. After evaporation of the
solvent, the residue was dried in a vacuum desiccator at
room temperature for 3 h. To the residue, 300 mL of dry
benzene and anhydrous aluminium chloride (40 g, 0.3 mol)
were added. The mixture was heated at 60°C for 4 h, cooled
to room temperature, and then poured into 200 g of ice—
water. The mixture was shaken in an ice-bath, and the
precipitate formed was filtered off, washed twice with

ethyl acetate and dried. After recrystallization from ethanol,
the crystals were filtered off. The mother liquor was evapo-
rated and the residue was recrystallized from ethanol. The
two crystalline fractions were combined, and dissolved in
100 mL of cold water. The solution was made alkaline with
potassium carbonate and extracted with ethyl acetate
(3%80 mL). After drying (Na,SO,4) and evaporation of the
organic solvent, a pale-yellow oil was obtained, which was
purified by recrystallization as the hydrochloride (white
powder).

4.1.2. (15",2R")-2-[(R")-a-Hydroxybenzyl]cyclohexyl-
amine (3a). Method A. The hydrochloride salt of amino
ketone 2 (5.56 g, 23.19 mmol) was suspended in 60 mL of
ethanol. The suspension was stirred and cooled in salt—ice—
water. Sodium hydrogen carbonate (1.97 g, 23.45 mmol)
and then sodium borohydride (3.48 g, 92 mmol) were
added, the temperature of the mixture being maintained
below —10°C, and stirring was continued until the mixture
warmed up to room temperature. It was then stirred for a
further 3 h and processed in the usual way. The 'H NMR
spectrum of the crude product revealed a 98:2 mixture of 3a
and b. Trituration of the oily residue with diisopropyl ether
gave 3a as white crystalline powder.

Method B. A solution of diketone 7 (10.12 g, 50 mmol) and
benzylamine (5.57 g, 52 mmol) was refluxed for 3 h in
75 mL of abs. toluene, using a Dean—Stark trap. After
evaporation of the solvent, the red—brown oily residue
was triturated with diisopropyl ether to give 8 as white
crystalline powder.

B-Imino ketone 8 (5.00 g, 17.16 mmol) was dissolved in
50 mL of ethanol and hydrogenated for six days in the
presence of 5% platinum on carbon (0.50 g) at room
temperature and 60 bar. The catalyst was filtered off and
the solvent was evaporated off, to afford a white crystalline
powder. The "H NMR spectrum of the crude product
revealed the presence of homogeneous 9.

The recrystallized benzylamino alcohol 9 (2.43 g,
8.20 mmol) was dissolved in 50 mL of methanol and the
solution was stirred for 48 h in the presence of 20%
palladium hydroxide on carbon (0.12 g) at room tempera-
ture and 60 bar. After filtration and evaporation, the result-
ing crystalline product was triturated with diisopropyl ether
to give 3a as white crystalline powder.

4.1.3. (1R",2R")-2-Benzoylcyclohexylamine hydrochlo-
ride (5). Method A. The same method was used as for the
cis counterpart 2, but starting from the trans amino acid 4.
However, the work-up was performed as follows. After
the reaction mixture was poured into 200 g of ice—water,
the aqueous phase was separated, washed with ethyl
acetate, and then neutralized with sodium carbonate. The
precipitate was filtered off (suction), washed with ethyl
acetate (2X200 mL), then stirred with chloroform
(200 mL) and decanted. After filtration, the two phases
were separated and the aqueous phase was extracted with
chloroform (200 mL). The combined organic phases were
dried (Na,SO,) and the organic solvents were evaporated
off. A pale-yellow oil was obtained, which was purified as
the hydrochloride (white crystalline powder).
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Method B. To a stirred mixture of 1-benzoylcyclohexene 11
(2.80 g, 15 mmol), a 50% aqueous solution of potassium
thiocyanate (1.48 g, 15 mmol) and 50% aqueous sulfuric
acid (0.8 mL, 7.5 mmol sulfuric acid) were added simul-
taneously dropwise at 55°C. After the addition of the
reagents was complete, the reaction mixture was stirred at
55°C for 6 h. It was next cooled to room temperature and
extracted with diethyl ether (3X30 mL). The combined
organic phases were extracted with 5% sodium hydrogen-
carbonate solution (2X20 mL) and water (20 mL), and the
ether phase was dried (Na,SO,) and evaporated. To the
2.93 g of yellow oily residue obtained, 20 mL of concen-
trated hydrochloric acid was added and the reaction mixture
was stirred at 70°C until it became homogeneous (three
days). It was then allowed to cool down to room temperature
and was extracted with diethyl ether (2x10 mL). After
evaporation of the aqueous phase, a white crystalline
powder was obtained, which was filtered off and washed
with diethyl ether and acetone.

Method C. Amino ketone 2 (3.5g, 17.22 mmol) was
dissolved in 50 mL of concentrated hydrochloric acid and
the reaction mixture was stirred at 70°C for three days.
Evaporation in vacuo led to a white crystalline powder,
which was filtered off and washed successively with diethyl
ether and acetone. The 'H NMR spectrum of the crude
product revealed a 9:1 mixture of 5 and 2.

4.14. (1R",2R"-2-[(R")-a-Hydroxybenzyl]cyclohexyl-
amine (6a). To an ice-cooled, stirred suspension of lithium
aluminium hydride (1.68 g, 44.26 mmol) in 100 mL of
diethyl ether, the amino ketone base of S (4.50 g,
22.13 mmol) in 20 mL of diethyl ether was added dropwise
during 1 h. Stirring was continued until the mixture warmed
up to room temperature. It was then stirred for a further 3 h
and processed in the usual way. Trituration of the oily
residue with diisopropyl ether gave 6a as white crystalline
powder. The '"H NMR spectrum of the crude product
revealed a 9:1 mixture of 6a and b.

4.1.5. (4R" 4aR",3aS")-4-Phenyl-4a,5,6,7,8,8a-hexahydro-
4H-3,1-benzoxazin-2(1H)-one (13). Amino alcohol 3a
(0.52 g, 2.53 mmol) was dissolved in 20 mL of toluene.
To this solution, sodium hydroxide (0.50 g, 11.12 mmol)
dissolved in 5 mL of water was added. After the addition
of ethyl chloroformate (0.30 g, 2.78 mmol), the reaction
mixture was shaken intensely for 30 min. The phases were
next separated and the aqueous phase was extracted with
toluene (10 mL). The combined organic phases were
extracted with water (10 mL), dried (Na,SO,) and evapo-
rated, to give 0.62 g of an oily residue. This urethane
derivative was thoroughly mixed with sodium methoxide
(0.02 g, 0.38 mmol), and the mixture was maintained at
130°C for 1 h. The melt was dissolved in 10 mL of chloro-
form and was extracted with water (10 mL). The aqueous
phase was extracted with chloroform (2X5mL). The
combined organic phases were dried (Na,SO,) and evapo-
rated. Trituration of the oily residue with diisopropyl ether
gave 13 as a white crystalline powder.

4.1.6. (4R"4aR",3aR")-4-Phenyl-4a,5,6,7,8,8a-hexahydro-
4H-3,1-benzoxazin-2(1H)-one (18). Amino alcohol 6a
(0.72 g, 3.50 mmol) was dissolved in 25 mL of toluene.

To this solution, sodium hydroxide (0.62 g, 15.40 mmol)
dissolved in 10 mL of water was added. After the addition
of ethyl chloroformate (0.42 g, 3.85 mmol), the reaction
mixture was shaken intensely for 30 min. The phases were
separated and the aqueous phase was extracted with toluene
(10 mL). The combined organic phases were extracted with
water (10 mL), dried (Na,SO4) and evaporated, to give
0.92 g of oily residue. Trituration with petroleum ether
afforded the white crystalline urethane derivative, which
was recrystallized from diisopropyl ether (mp: 117-
118°C, 0.82 g, 85%, white powder).

This urethane derivative of 6a (0.20 g, 0.72 mmol) was
thoroughly mixed with sodium methoxide (0.02 g,
0.38 mmol), and the mixture was maintained at 130°C for
1 h. The melt was extracted with 10 mL of hot ethyl acetate,
and the extract was filtered, dried (Na,SO,) and evaporated.
The oily residue crystallized on trituration with diisopropyl
ether (white crystalline powder).

4.1.7. (4R" 4aR",3aS")-4-Phenyl-4a,5,6,7,8,8a-hexahydro-
4H-3,1-benzoxazine-2(1H)-thione (14) and (4R",4aR’,
3aR")-4-Phenyl-4a,5,6,7,8,8a-hexahydro-4H-3,1-benz-
oxazine-2(1H)-thione (19). To a stirred solution of the
amino alcohol 3a or 6a (0.30 g, 1.46 mmol) in chloroform
(10 mL), triethylamine (0.16 g, 1.6 mmol) dissolved in
5 mL of chloroform was added dropwise. Carbon disulfide
(0.12 g, 1.6 mmol) was then added under ice cooling and
the mixture was kept at room temperature for four days.
The solution was next evaporated to dryness, the
residual oil was dissolved in 10 mL of chloroform, and
triethylamine (0.16 g, 1.6 mmol) and ethyl chloroformate
(0.17 g, 1.60 mmol) were added dropwise under ice
cooling. The mixture was sirred for 30 min, then refluxed
for 3h and evaporated. The residual oil was dissolved
in chloroform (15 mL) and washed with 1% aqueous
HCI solution (10 mL). The organic phase was dried
(Na,SQO,) and evaporated. To the yellow oil obtained, diiso-
propyl ether was added to give white crystalline powder 14
or 19.

4.1.8. (4R",4aR",3aS")-2,4-Diphenyl-1,2,4a,5,6,7,8,8a-octa-
hydro-4H-3,1-benzoxazine (15) and (4R",4aR",3aR")-2,4-
Diphenyl-1,2.,4a,5,6,7,8,8a-octahydro-4H-3,1-benzoxazine
(20). To a solution of amino alcohol 3a or 6a (0.30 g,
1.5 mmol) in dry ethanol (10 mL), ethyl benzimidate
(0.22 g, 1.5 mmol) and two drops of glacial acetic acid in
1 mL of dry ethanol was added. The reaction mixture was
refluxed for 12 h. Then, two drops of ethyl benzimidate
were added and the solution was refluxed for a further
24 h. After evaporation, white crystalline powder of 15 or
20 was obtained.

4.1.9. Thiourea derivatives 16 and 21. Phenyl isothio-
cyanate (0.30 mL, 2.5 mmol) was added to amino alcohol
3a or 6a (0.50 g, 2.5 mmol) dissolved in 20 mL of dry
toluene. The reaction mixture was stirred at room tempera-
ture for 8 h and evaporated. The white crystalline powder
obtained was taken up in diisopropyl ether and the solution
was filtered.

4.1.10. (4R",4aR",3aS")-4-Phenyl-2(1H)-phenylimino-4a,
5,6,7,8,8a-hexahydro-4H-3,1-benzoxazine (17) and (4R",
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Table 4. Analytical data on the compounds prepared
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Compound Yield (%) Mp (°C) Formula Analysis
C (%) H (%) N (%)
Calced Found Calcd Found Calcd Found
2 51 213-215% C3H,3CINO 65.13 65.35 7.57 7.68 5.84 6.01
3a 77 (A)® 88 (B)** 119-121¢ C3HyNO 76.06 75.77 9.33 9.14 6.82 6.72
5 24 (A)° 50 (B)" 48 (C)° 209-211%¢ C,3H;5CINO 65.13 64.89 7.57 7.82 5.84 6.12
6a 70 121-122¢ C;H,oNO 76.06 75.83 933 9.27 6.82 6.84
8 78 75-77¢ CyoH,;CINO 82.44 82.32 7.26 6.97 4.81 5.15
9 91 118-120° CHNO 81.31 81.47 8.53 8.40 4.74 4.78
13 78 240-241¢ C,.H;;NO, 72.70 72.30 7.41 7.32 6.06 6.16
14 47 228-229¢ C4H7NOS 67.98 68.43 6.93 7.23 5.66 5.50
15 86 106-109° CyoHy NO 82.44 82.37 7.26 7.43 4.81 5.12
16 87 155-157" CyoHpN,OS 70.55 70.14 8.23 8.35 7.10 6.89
17 63 163—165f1 CgH2»N,O 76.56 76.62 9.92 10.11 9.92 9.89
18 74 199-2011 C,,H,,NO, 72.70 73.02 7.41 7.58 6.06 6.34
19 43 217-219" C4H7NOS 67.98 68.32 6.93 6.70 5.66 5.47
20 88 171-172° CyoHy NO 82.44 82.32 7.26 7.45 4.81 4.84
21 80 166168 CroHuN,08 70.55 70.43 8.23 8.14 7.10 7.05
22 72 144-146" CgH2»N,O 76.56 76.73 9.92 10.27 9.92 9.62
# Ethanol-diethyl ether (solvent for recrystallization).
" Corresponding methods in Section 4.
¢ Yield starting from 9.
d Diisopropyl ether (solvent for recrystallization).
¢ Ethanol (solvent for recrystallization).
" Yield starting from 8 (solvent for recrystallization).
¢ Ethyl acetate-ethanol (solvent for recrystallization).
f‘ Diisopropyl ether-ethyl acetate (solvent for recrystallization).
! Ethyl acetate (solvent for recrystallization).
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