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SUMMARY (-)l(S),2(S),4(R),6(R)-1,2,3,4,5,6_Hexahydro- 2,6-methano-%methoxy- 1,3,4,6_tetra- 
methyl-3benzazocme has been synthestsed in 86 96 enanhomenc excess from the a-(q%romtum 
mcarbonyl) complex of 1(S),1’(R)-l,2-~hy&~7-methoxy-1,4-Qmethyl-l-(N-methyl- 
N-tnfluoroacetamtdo- l’-methylethan-2’-yl)naphthalene A precursor of thrs compound ts 
2(R),4(S)-4-(3-methoxyphenyl)-2,~~methne which was obtamed through an Enders’ 

type C-methylanon reaction of 4-(3-methoxyphenyl)4methylcyclohexanone usmg SAME as the 
reagent 

6,7-Benzomorphans (1,2,3.4,5,6-hexahydro-2,6-methano-3-benzazocmes) (1) represent an 
important class of drugs some of which exhibit analgesic propemes The synthesis of the 
6.7~benzomorphans has attracted the attention of many organic chenusts’, and thrs mtemst ts 
mamtamed today as more refined knowledge of the brologtcal receptor sttes at which these drugs 
interact2 becomes avadable It is hoped that mformatton of tins type ~nll lead to the design of drugs 

exhlbmng more selective brologrcal responses Apart from a few notable examples,3 routes to 
benzomorphans take httle account of stereochenncal control, and lead to racemrc products It 1s 
known, however, that small changes m stereochemistry tmhate wide fluctuatrons m pharmacology4. 
and that the laevo anhpodes, related to morphme (2), are sqmficantly more potent than then 
enannomers5 

We now descnbe syntheses of the benzomorphan ( 19)6. which has the morphme absolute 
stereochermstry, utrhsmg a @chrommm complex to promote both an unusual maamolecular 
cychsahon of the dthydronaphthalene (17), and to control the stereoselectrvny of the reactron 
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The mmal startmg matenal for the synthesis was 3-methoxyacetophenone (3)7 which was 
elaborated by a Darzen’s glycl&c ester reaction, followed by hydrolysis to gve the unsaturated acid 
(4) tis, upon steam &stillanon, underwent decarboxylanon to the aIdehyde (5) A Robmson nng 
annulatlon with methyl vmyl ketone and catalyac hydrogenation of the resultant cyclohexenone (6) 

afforded the cyclohexanone (7) 

(0 HcyEczo 
Ar 

C02H 

Ar CO.+ b OH 

NaOEt 
(II) NaOH 

(3) (4) 

3M HCl Ar CHO CH$IAc AI H2/HOAc Al 

b 
. 

steam dst. Tnton-B b a 0 W-C ca 0 

(5) (6) (7) 

(Ar=3-methoxyphenyl) 

The cyclohexanone (7) was reacted with SAMPs at 60°C to gve the hydrazones (8) m 93% 
These were treated with potassium dnsopropylamide (KDA) and methyl tosylate m dry dlethyl ether 
at -lC!VC to afford the dlastereomenc hydrazones (9) which, without purrtication, were then 
converted mto the correspondmg methrodtde salts and hydrolysed by reactton wtth a mrxture of 3M 
HCI and n-pentane (the brphasrc system was adopted to muumrse exposure of the product ketones to 

aqueous acid) Column chromatography on nhca of the hydrolysis products gave the 
trans-methylcyclohexanone (lo), the crs-Isomer (11) and a nuxture of the two isomers in 40%, 1396, 

and 12% yields respectrvely A senes of ‘H NMR stu&es using (I?)(-)-2,2,2-mfluoto-I-(9-anthryl) 
ethanol (TFAE) as a chrral solvatmg reagent, show that the transcompound was formed m an 
enanuomenc excess of 70% 

Both tram and CIS- ketones were converted into their respecuve oxlmes (12 and 13) and ‘H n m r 
stu&es show that the C-2 methyl group in both of these products occupies a pseudo equatonal site 
Interestmgly, m both cases a slgmficant n 0 e enhancement (ca 4%) was noted between the 
resonance of the C-methyl hydrogen atoms and that of the oxm-uno hydroxyl proton We expected, 
however, that these oxtmes should have E- stereochemtstry, thereby mmmusmg stenc interacttons 
between the C-2 methyl groups and the oximmo hydroxyl umts The apparent anomaly was resolved 
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when an X-ray determmatron of the c~s-oxune revealed that rt extsts as a hydrogen bonded ‘Uuner 

(14) Presumably thrs also occurs m the tranr-oxtme, and the assoctated states persist m the hqtnd 
phase. Thrs acqmred geometry enforces a close spaclal rntermokcular relauonshtp between the 
methyl groups and the hydroxyl funcaons of the two monomerrc uruts 
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(13) E-Cts 

(14) 

A Beckmann rearrangement of the rraxs-oxime wrth phosphorus oxychlonde III pyndme at OT 
then afforded the caprolacuun (15, R=H). which was N-allcylated by reacuon wtth &nun hydride. 
followed by the addrtton of methyl mdtde. to grve the N-methylcaprolactam (15, R=Me) Further 
reacuon wrth methyl hthnun and then entrapment of the amon so formed wttb mfluoroacettc 
anhydnde gave the tnfluoroacetanude (16) m 42% yrekl, for four steps Cycltsauon to the 
drhydronaphthylarmde (17) was achieved by heating (16) wrth SM hydrogen chloride m dry dtoxane 
at 70°C (yreld 88%) Finally (17) was acttvated by complexauon wtth chromuun hexacarbonyl to 
give a nuxture of the a- and 8- chromnun tricarbonyl complexes (10-l raho) These were separated 
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by column chromatography, and the a-isomer (18) cychsed to the corresponchng chrornmm 
denvatrve of the benzomorphan (19) through reactlon with potassmm carbonate m aqueous methanol 

and ultra-somficanon over a penod of 76 hours The product was then decomplexed and the reqmred 
mcycle (19) punfied by flash chromatography The yield for the cychsation step was 40% (based on 
recovered startmg matenal), the specific rotatlon of the nucrocrystalhne product IS [a]o’s -59’ (c 19 
CHQ), and the enannomenc excess IS 86% (determmed as before) 
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Dtoxme. HCI 

b 

A Me.0 

(17) 

(I) K$O3, MeOH. 

H20. ulolsomd 

b 

OC+co 
(4 Et2O/O+V 

OC 

(18) 

(16) 

THF. Bu20 

A 

Hydrolyws of the &hydronaphthylamlde (17) affords the correspondmg amme (20), and we note 
that complexation of this compound with chrommm hexacarbonyl gves an a p product rat10 of only 

2 1, compared to IO.1 for (17) An X-ray structure determmafion of (17) reveals that the carbonyl 
group of the anude lies over the top of the benzene nng (see figure 1) Inmally we thought that this 

was the result of rr-stackmg, and if sustamed 111 solution 011s could reduce the acce&nhty of the 
reagent to the p-face of the aromanc nng and hence explain the iugh selecnv~ty of the complexatlon 
reaction However, the angle as determmed by the least squares method, between the plane 
contaunng the mfluoroacetauudo group and the plane of the aromatic nng IS 27 6’. and the &stances 
between the aryl nng and the oxygen atom, the carbonyl carbon atom, and the nitrogen atom of the 

armde are 3.23,3.42, and 3 16 A respectively These data do not support this argument, and tt seems 
hkely that the structure shown by the X-ray study IS sunply the result of preferred crystal packmg 
This IS supported by the fact that the ‘H n m r spectrum of (17) shows it to be a mobile molecule and 
to exist m soluhon as a nuxture of rotamers 
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Figure 1 Crystal structure of the naphthylarmde (17) 

It 1s known9 that for the a-hydroxytetrahydronaphthalene (21) the sole product of complexatton IS 

the chronuum mciubonyl denvanve (22) Here it appears that the lone pan electrons of the 
a-onentated hydroxyl group chelate the chrommm reagent and dnect It exclusively to the proximal 
face of the aromatic nng other related examples have been qorted lo In the case of the free amme 
the lone pair electrons on the nitrogen atom may play smular role, but here thexe 1s a competmg 
stenc effect engendered by the presence of the p-ammoalkyl side cham Where lone pau electrons 
are less unavalable. as m the naphthylamtde (17), no reagent approach control 1s exerted and now 
the a p rat10 of complexed products reflects the mfluence of stenc effects only 
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In some prelimmary expenments the a-chronuum mcarbonyl complex of the amme (20) was 
reacted wth ‘butyl hthmm to form the anion (23), which we assumed would eqmhbrate ~th the 
mcychc carbamon (24) However, attempts to trap the carbamon by protonanon, or by reachons with 
methyl itide or with &methyl &sulphlde failed, and in the case of protonaaon startmg matenal was 
recovered A literature precedent for this type of behavlour 1s known” and it appears that carbamon 
form&on 1s only favoured at low temperature Repetition of our expenments at temperatures as low 
as -100°C were also unsuccessful, and these fiuluxes caused us to devise the reaction con&nons, 
recorded above, which ensure that anion formation and hence eqmhbration do not occur Thus m the 
prohc medmm cychsatlon to the benzomorphan denvative (26) proceeds through the mte&acy of 

the complex (25). The amme functmn of which attacks the electron depleted double bond pnor to 
stereoselective protonanon am to the metal atom The unportance of chrommm complexatlon is 
shown by the fact that treatment of the uncomplexed naphthylanude (17) mth potassmm carbonate 
m aqueous methanol leads only to the formation of the amme (20) This IS to be expected, of course, 
since It 1s the presence of the electron wlthdrawmg chrommm unit which acnvates an otherwise 
electron nch double bond towards nucleophlhc attack by the ammo group 

(23) (24) 

EXPERIMENTAL 

GENERAL 
Column chromatography was carried out usmg s&a gel 60 GF7736 or 9385 (E Merck), or 

alumma (Camag, Fisons 100-250 mesh) Thin-layer chromatography (t 1 c ) was urlth s&a gel 60 
GF254 (JZ. Merck) Ether refers to &ethyl ether and petrol to 60-80°C bollmg range petroleum ether 
‘H and t3C N M R. spectra were recorded at 270 MHz and 68 MHz respecnvely with a JEOL FXUO 
mstrument The solvent was deutenated chloroform solut:ons unless stated othenvlse Chermcal 
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shafts are expressed m p p.m (8) downfield from tetramethylsrlane (TMS) as an mtemal standard. 
Electronic spectra were mcorded for 95% ethanohc soluttons on a Pet&m-Elmer Lambda-3 
spectrophotometer I&a-red spectra were measured on a Perkin-Elmer 1310 mstrument. Mass 
spectra were recorded wtth a V.G mass spectrometer m the electron mrusauon mode at 70 eV 
unless otherwise stated. 

X-RAY DATA CGLLECIION AND PROCESSING 
A Hilger and Watts Y290 Ccrrck dtffractometer was used with graphtte monochromated MO-K, 

radrahon Full details of the data recorded have been depostted at the Cambridge Data Base 

Ctslrrans-Ethyl 2-(3-methoxvohenvl)-2methvl-l-oxrrane-l-carboxvlate 
Sodmm (46 g, 2.0 mol) was added portionwrse over a pertod of 4 h to well stirred absolute ethanol 

(750 cm3) mamtamed at Ooc and protected by a tutrogen atmosphere The mrxture was stirred at 
room temperature for 12 h, to ensure that all the sodnnn had dtssolved. and then cooled to Ooc agam 
A mixture of 3-methoxyacetophenone (150 2 g) and ethyl chloroacetate (245 1 g) 111 benzene (250 
cm3) was added at 0°C over a penod of 1 h, and the resultant nnxture was stmed at fPC for I h, and 

at room temperature for a further 3 h The reaction mrxture was quenched by addmg It to a shnry of 
ice (1000 g) and glacial ace& actd (100 cm3), rt was then extracted wrth &chloromethane (4x500 
cm3) The combined extracts were washed wtth saturated aqueous sodmm bicarbonate soluhon (200 
cm3), then with saturated brine (100 cm3), and then evaporated under reduced pressure to grve an 
orange oil. Drsullatton gave the htle compound as a yellow or1 (223 1 g, 94%), b p 140.0-145 K 
(0 1 mm Hg). v,,,,cm-’ 1730 (Co), m/z (%) 236 (M+. 31), 163 (100) and 162 (100). 

S, (Isomer I) 7 20 (1 H, t. J 7.9 I-Ix, 5’-II), 6 94-6 88 (1 H, m, 6’-H), 6 85 (1 H, t, J 2 6 I-Ix, 2’-II), 

677(1H,ddd,J79,26andO9Hz,4’-H),424(2H.ABX3,JAB108HZ,JAX73~JBX72HZ, 
GC&CH3), 3 76 (3 H, s, (XI-Is), 3 34 (1 H, s, 1-H). 1 72 (3 H, s, 2-CH3) and 1 31 (3 H, t, J 7.1 Hx, 
GCI-l&&); s, 1668(C!G), 1596(3%), 1417(1’-C), 1292,1173,1133and 1104(4xArCH), 
61 3 (2-C). 60.9 (l-C), 60 9 (GCI-I&!I-$), 54 7 (GCH3), 16 7 and 14.0 (2xCH3) 

S, (Isomer II) 7 18 (1 H, t, J 8.2 Hz. 5’-H). 6 94-6 90 (2 H, m, 2’- and 6’-H), 6.76 (1 H, ddd, J 8 2, 

2 6 and 1 1 Hz. 4’-I-I), 3 90 (2 H, ABX3, JAB 14 3 I-Ix, Jlvrsx 7 1 Hz, GCHHCH3), 3 78 (3 H, s, 
GCHs), 3 59 (1 H, s, l-H), 172 (3 H, s, 2-CH3) and 0 92 (3 H, t, J 7 1 I-Ix, GCH&-&); S, 166 6 
(co). 159 1 (3’-C). 138 6 (1’-C). 128 8,118 5. 113 7 and 111 5 (4xArCH), 63.4 (2-C). 60 5 
(m$I-13), 60 4 (I-C), 54 9 (GCH3), 24 4 and 13.7 (2xCH3) 

Ethyl 2-hvdroxv-3-(3-methoxvtrhenyl)-3-butenoate 

Concentrated sulphuric acrd (3 cm3) was added dropwtse to a stured solutron of the muted CIS- and 

rrunr-oxtrane esters (115 g, 0.49 mol) m ether (500 ems) at 0“C and the mixture was stmed at mom 
temperature for 30 mm It was then washed wrth water (50 cm3), saturated aqueous sodmm 
bicarbonate soluhon (2x100 cm3), and saturated bnne (50 crd), dned (Na$04), and evaporated 
under reduced pressure to grve the title compound as an orange or1 (95 9 g, 83%), b.p 127.0-130 0 
‘C (0.1 mm Hg); u,, 3500 (OH), 1740 (Co) cm-t, s, 7.23 (1 H, dd, J 8.Oand 2 5I-k. 5’-H), 
7 01-6 95 (2 H. m, 6’- and 2’I-I). 6 84 (1 H, ddd. J 8 0,2 5 and 0.9 Iix, 4’-H), 5.49 (1 H. s, 4-H). 5.44 
(1H,s,4-H),502(1H,s,2-H),4~406(2H,m,ABX~J~10.7HzandJ~~7.1HZ.CH2)1 
3.79 (3 H, s, CH30), 3 44 (1 H. br s, OH) and 1.12 (3 II, t, J 7.1 Ha, CIQ; s, 173 3, 159.3, 145.8. 
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139.9, 129.2, 119 3, 117 2, 113 3, 1126,73 6,620,55.1, 13 8, m/z (%) 236 (M+. 43), 163 (NO), 150 

(25). 135 (73) Pound: C, 65 9, H, 6 8 Ct3H1s04 requires C, 66 1, H, 6 8951 

2-Hvdroxv-3-(3-methoxvohenvlj-3-butenolc acid (4) 

A rmxture of the butenoate ester (95 9 g, 0 41 mol) and 2M aqueous sodmm hydroxide (5(Xlcm3), 
was stured at room temperature for 12 h The orange solution formed was extracted ~rlth 

dlchloromethane (100 cm3) and the aqueous layer act&f&i to pH 2 wth concentrated hydrochlonc 
acti. The aqueous layer was then extracted wtth dlchloromethane (4x300cm3) and the organic 
washings from the acid layer combined This organic pomon was washed wtth saturated brme (50 

cm3), dned and evaporated to @ve the htle compound as a yellow waxy solid (813 g, 96%) 

u,,,,cm-‘(llqmd) 3400-2900br (OH), 1700 (CO). 1590 (C=C), S, W-6 6 (2 H, br s, CHOH and 
COOH), 7 19 (1 H, t, J 7.9 Hz, 5’-H), 6 99-6 94 (2 H, m, 2’- and 6’-H), 6 81 (1 H, dd, J 7.9 and 2 0 
Hz, 4’-H). 5 49 (1 H, s, 4-H), 5.41 (1 H, s, 4-H), 5 07 (1 H, s, 2-H) and 3 81 (3 H, s, CH3), k176 5, 
1592,1449,1394,1293,1193,1177,1134,1126,732,and55 l;m/z(%)208(M+25%), 163 
(25) and 135 (55) [Act mass 208 0733 ClIH1204 requires 208 07341 

2-(3-MethoxmhenvllproDanal(5) 

A rmxture of the butenolc acid (4) (812 g. 0.49 mol) and 3 M hydrochlonc acid (250 cm3). was 
placed in a two necked round bottomed flask (500 cm3) fitted with an inlet tube connected to a steam 
generator and a splash head fitted with a water condenser The contents of the flask was then steam 
dtstdled unttl no further product was vlslble by tic in the dlsttllate The aqueous Qsdlate was 
extracted vvlth Qchloromethane (3x1000 cm3) and the combined orgamc potions were washed with 
saturated aqueous sodmm bicarbonate solution (250 cm3), dried, and evaporated under reduced 
pressure to @ve a colourless oil (36 3 g). Dlsttllatlon gave the title compound as a colourless 011 
(32 2 g, 40%). b p 122 O-123 5°C (8 mm Hg) u,,cm-t (neat) 2960.2920 (CH). 1710 (CHO), S, 

9 67 (1 H, d, J 1 3 Hz, CHO), 7 30 (1 H. t, J 7 9 Hz, 5’-H). 6 86-6 78 (2 H, m, 4’- and 6’-H), 6 76 (1 

H,t,J2OHz,2’-H),381(3H,s,CH30),360(1H,qd,J7Oand13Hz,2-H)and143(3H,d,J 
7 0 Hz, 3-H), s, 200 8,160 1.139 2.130 0,120 5,114-O, 112 6,55 1,52 9, and 14 4, m/z (%) 164 
(M+ 83%), 150 (18) and 135 (100) [Act mass 164 0831 M+, talc for Ct&202 164.08371 

4-(3-Methoxvohenyl)-4-methyl-2-cvclohexen-l-one (6) 

A 40% methanohc soluuon of benzyltnmethylammontum hydroxide (24 5 g, 59 mmol) was added 

over 1 h to a sttrred soluhon of the aldehyde (5) (32 2 g, 196 mmol) and methyl vmyl ketone (15 1 g, 
216 mmol) III I- butanol(l50 cm3 at 0 Y! under a nitrogen atmosphere The reaction was stmed at 
room temperature for 2 h, then poured on to ice (300 g), and extracted with ether (3x300 cm3) The 
organic pomons were combined, washed with saturated bnne (50 cm3). dned and evaporated under 
reduced pressure to @ve a pale yellow 011 Distdlaaon gave the title compound as a colourless od 
(30.0 g, 71%). b p 124 0-131.O”C (0 05mm Hg) u,,,,cm-‘(neat) 1670 (CO), 1590 (C=C), S, 7 27 (1 
H, t, J 8 2 Hz, 5’-H). 6 93-6 87 (3 H, m, 2-H, 2’-H and 6’-H), 6 79 (1 H, dd, J 8.2 and 2 5 Hz, 4’-H), 
6 11(1 H, d, J 10 1 Hz, 3-H), 3 80 (3 H, s. CH30). 2 45-2 05 (4 H. m, 5- and 6-H) and 154 (3 H, s, 
4-CH3,~1994,1597,1569,1469,1296,1186,1129and1112,552,406,379,346and276, 
m/z (%) 216 (M+,lOO%), 201(29), 188 (35). 174 (32), 173 (37) and 158 (50) [Act mass found. 
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saturated bnne (100 cm3), dned and evaporated under reduced pressure to give a pale yellow 011 
Thrs residue was dissolved in iodomethane (25 cm3) and heated at 40°C m a sealed tube for 16 h 

After coohng, the solutton was evaporated under reduced pressure to grve a brown or1 The brown oil 
was stnred vrgomusly wtth a nuxture of pentane (400 cm3) and 2 5 M hydmchlonc acid (250 cm3) 
for 15 mm The pentane was then separated and replaced wtth a fresh portron of pentane (400 cm3), 

and the rrnxture sttrred vtgomusly for a further 15 mm. Thus process was repeated twtce more and 
the combmed pentane fractrons were dried, and evaporated under reduced pressure to gwe a 
colourless 011. Punticaaon by “suctron flash” column chromatography on sthca gel, ehMg wth 

ethyl acetate/ petrol (3.47) gave rru~ 2(R),4(S)-4-(3-methoxyphenyl)-2,4-dimethylcyclohexanone 
(10) (5 74 g, 37%), CIS- 2(R),4(R)-4-(3-methoxyphenyl)-2,4-dimethylcyclohexanone (11) (191 g, 
13%) and a nnxture of the two (1.68 g, 11%) as colourless orls. 

Physical data for (10) [a]D18 +18 1 (c 13 CHC13), S, 7 33 (1 H, t, J 8 0 Hz, Y-H), 7 07 (1 H. ddd, 
J80,22andO7Hz,6’-H).702(1H,t,J22Hz,2’-H),680(1H,ddd,J80,22andO7Hz,4’-H). 
3 83 (3 H, s, CH30), 2 65- 2 53 (2 H, m, 2-H, and 6-H,), 2 41-2 27 (3 H, m, 6-G, 5-G and 
3-J-Q. 1.84 (1 H, td, J 13 4 and 5 3 Hz, 5-H,), 1.60 (1 H, t, J 13 4 Hz, 3-H,), 121(3 H, s, 4-CH3) 
and 101(3 H, d, J 6 6 Hz, 2-(X3), S, 212 8,160 1,147 2,129 8,118 1,112 9,110 2,55 1,46.7, 
413.39.2.38 6,37 9.33.6, and 14 3, m/z (%) 232 (M+ 36%) and 148 (100) Found: C, 77 4; H, 8 85, 
C1sH2e02 reqmres C, 77.5, H, 8 7951 

Physical data for (11) [aJD1* i-4 0 (c 0 3, CHC13; S, 7 26 (1 H, t. J 8 0 Hz, 5’-H), 7 00-6.97 (1 H, 
m, 6’-H), 6 94 (1 H, t, J 2.2 Hz, r-H), 6 76 (1 H, dd, J 8 0 and 2 2 Hz, 4’-H), 3 81 (3 H. s, CH30), 
2 75-2 59 (2 H, m, 2-H, and 6-H,). 2 41(1 H, ddd, J 14 6,4 6 and 2 8 Hz, 6-H,,), 2 23-2 09 (3 H, 
m, 5-H,, 5-q and 3-G), 180 (1 H, t, J 13 3 Hz, 3-H,), 159 (3 H, s, 4-CH3) and 106 (3 H, d, J 
64Hz,2CH3), S,2128.1596,1514,1292,117 4,1119,1104,,55 I,47 4,408,383,384,380. 
24 4, and 14 5, m/z (96) 232 (M+73%), 175 (21). 161(38) and 148 (100) [Found C. 77 3; H, 8 8, 
C1sH& reqmres C, 77 5, H, 8 7961 

I+)-E-Trans-2(R).4(S)-4-(3-methoxvohenvl)-2.4dime~vlcvclohex~one oxlme (12) 

A rrnxture of the dnnethylcyclohexanone (10) (5 68 g, 24 4 mmol), hydmxylamme hydrochlonde 

(6 79 g, 97 7 mmol) and sodmm acetate (8 02 g, 97 7mmol) in 80% methanol (50 cm3) was stnred at 
room temperature for 18 h The reaction mrxture was poured into water (100 cm3) and extracted with 
ethyl acetate (4x50 cm3) The combined organic layers were washed wnh saturated aqueous sodnnn 

bicarbonate soluuon (30 cm3), saturated bnne (25 cm3), dried, and evaporated under reduced 
pressure to gve a coloourless sohd Crystalhzauon from ether/ petrol gave the atle compound as a 
prisms (5 13 g, 85%), m p 94 O-95 0 T, [a], l* +3 5 (c 1 1 CHCls), u,,,,cm-l(NuJoJ mull) 325Obr 
(OH), 1610 (C=N), S, 9 80 (1 H, br s, OH). 7 29 (1 H. t, J 8 0 Hz, 5’-H), 7 00 (1 H, d, J 8 0 Hz, 
6’-H), 6 96 (1 H, d, J 2 2 Hz, 2’-H), 6 75 (1 H, dd, J 8 0 and 2 2 Hz, 4’-H), 3 81(3 H, s, CH,O), 3 27 
(1 H, dt, J 14 1 and 2.8 Hz, 6-H-), 2 50-2 38 (2 H, m, 3-Q and 5-H,), 2 38-2.20 (1 H, III, 2-H,), 
1 82-l 49 (2 H, m, 5-H, and 6-H,), 143 (1 H, t, J 13.3 Hz, 3-H,), 1 15 (3 H. s, 4-CH3) and 1 09 (3 
H,d,J6.4Hz,2-CH3>,gc1625 1599,1478,1296,118.4,113.0,1100,551,470,390,364, 
34 I,33 5,213, and 16 3. m/z (%) 247 (M” 52), 230 (25). 149 (56) and 148 (28) IFound C, 72 4, H, 
8 54, N, 5 81, CtsHztNOz reqmres C, 72 8; H, 8 6, N, 5 781 
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~+)-E-Cls-2(R).4((3-~~xwhenvl)-2.~~vl~clohex~~~ (13) 

A mtxture of the dunethylcyclohexanone (11) (140 g, 6 0 mmol), hydroxylamine hydrochlortde 
(147 g, 212 mmol) and sodmm acetate (2.48 g, 30.2mmol) m 80% methanol (25 &) was smred at 
room temperature for 18 h The reaction mixture was poured mto water (25 &) and extracted wtth 
ethyl acetate (4x30 cm3). The combined organic layers were washed wtth saturated aqueous sodmm 
bicarbonate solution (15 &), saturated brme (15 cm3), dned, and evaporated under reduced 
pressure to grve a solid. Crystalhxauon from ether/ petrol gave the trtle compound as colourless 
needles (1.25 g, 84%). m.p 105 0- 106 0 ‘C, [a]o +48 4 (c 1.0 CHCls), u,,,,,+&(Nu~ol mull) 
3200br (OH), 1600 (C=N); S, 9.10 (1 H, br s, OH), 7.25 (1 H, t, J 8 0 Hz, 5’- H), 6 97 (1 H, m, 6’-H), 
692(1H,t,J22Hz,2’-H),6.74(1H,dd,J8Oand22Hz,4’-H),381(3H,s.CH30),339(1H, 
m. 6-q). 2.68-2.58 (1 H, m. 2-H&, 2.10-1.75 (4H, m, 3-G. 5- H,,x. 5-q and 6-a). 1 64 (1 H, t, 
J 13 0 Hz, 3-H,), 1.44 (3 H, s, 4-CH3) and 1.14 (3 H, d, J 6.5 Hz, 2-(X3), S, 162.3, 159 5. 152 3, 
1291,1175,1118,1104,551,474,374,367,331,244,U)8,and165,mlz(%)247(M+100), 
230 (28). 205 (20), 148 (33) and 121(31) Found C, 72 7; H, 8 6, N, 5 6, C15H2tN02 mqmres C, 
728,H,86.N,57%] 

Crystal &a. C,sH&N, M = 247.37 Tnclmtc, a - - 6 437(2), b = 10 830(2), c = 11.366(2)A, 3 = 

113.47(l), B = 98.99(2), I= 101 65(2)‘, V = 686 75 A’ (by least squares refinement on 
&ffractometer angles for 12 automattcatly centred retkcttons, I = o 71069 A), space group pi, z = 
2. D, = 1 19 gcme3 Colourless rods Crystal &menstons 0 3 x 0 3 x 0.3 mm, @loXa) = 0.44 cm-‘. 
1837 reflecttons were measured (2<9<22’), 1741 umque and 1151 observed with 1>3a(l) The 

structure was solved (duct methods) and refined using the SHELX suite of programs Fmal R and 
R, were 0.071 and 0 074 wrth a wetghtmg scheme of w = 8 1764[&P,) + 0 OS(P$l 

~+)-C~s-5(R),7(R)-hex~v~5-(3-methoxwhenvl)-5.7~me~vl-2H-~me-2~ne 

Phosphorus oxychlonde (3 4 cd) was added dropwtse to a stured solutron of the c~-omme (13) 
(1 14 g. 4 6mmol) in dry pyndme (7 5 cm3) at 0 ‘C, under a nttmgen atmosphere After sttmng at 0 
“C for 5 h, the solutron was carefully poured onto tee (50 g) and left for 1 h Concentrated 
hydrochlortc acid (8 cm3) was added slowly and the resultmg rmxture extracted wtth ethyl acetate 
(4x30 cm3) The combined organic layers were washed wtth saturated aqueous sodmm bicarbonate 

soluuon (10 cm3), saturated bnne (10 cm3), dried, and evaporated under reduced pressure to gve a 
yellow 011 This crystaked from pentane to gwe the atle compound as a colourless solid (8 83 g, 
73%), m p 113 O-l 14 0°C [alD1* +l 1 (c 12 CHC13), u,,cm-l(Nu~ol mull) 3200.3080 (NH), 1640 
(CO), SH 7 25 (1 H, t J 8 0 Hz, 5’-H), 6 97 (1 H, d. J 7 9 Hz, 6’-H), 6 92 (1 H, t, J 2 0 Hz, 2’-H), 6 75 
(1 H, dd, J 8 0 and 2.0 Hz, 4’-H), 6 55 (1 H. br s, NH), 3 80 (4 H, s. 7-H and CH30), 2.75 (1 H, t, J 
136Hz,3-H,),238(1H,dd,J136and77Hz,3-~),206(1H,t,J13.6Hz,4-~),187(1H, 
dd, J 145and 102Hz.6-H,). 181 (lH,dd,J 136and7.7Hz,4-h), 169(1H,d,J 145Hz, 
6-H& 1.43 (3 H, s, 5-CH3) and 1 25 (3 H, d, J 6 6 Hz, 7-C&), s, 177 2, 159 5, 152 0, 129.1.117.5, 
112 0, 110 5,55 1.49.7,44 2,39.6,34 7,32.1.23 8, and 22 7; m/z (46) 247 (M+ 79%). 204 (30) and 
189 (24) [Foun& C, 73 0, H, 8 7, N, 5 7, C15Hz1NQ reqmres. C, 72 8, H. 8 6, N. 5 781. 
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~-)-Trans-5~S),7(R)-hexahvdro-J-(3-methox~henvl~S,7-~me~vl-2H-a~ne-2~ne (15, R=H) 
llus compound was prepared m tdenacal manner to that of the cls-Isomer, but startmg from the 

oxune (12) Compound (15) IS a colourless crystallme sohd. Yield 82%, m p 133 O- 134’C [ethyl 
acetate/petrol (4 l)], [a]~~~ -29 6 (c 12 CHCl,), U,,cm-l(NuJol mull) 3200 (NH), 3080 (NH), 1670 
(CO), S, 7.33 (1 H, t J 8 0 Hz, S-H), 6 85 (1 H, d, J 8 0 Hz, 6’-H), 6 83-6 75 (2 H, m, 2’- and 4’-H). 
6 29 (1 H, br s, NH), 3 82 (3 H, s, CHsO), 3 56-3 40 (1 H, m. 7- H,), 2 54-2 24 (4 H. m, 3-H,, 

3-q. 4-H, and 6-H&, 182- 166 (1 H, m, 4-H& 1.59 (1 H, dd, J 14 8 and 9 5 Hz, 6-H,), 124 (3 
H, d, J 6 8 Hz, 7-CH3) and 1 14 (3 H. s, 5-CH3), s, 177 3, 159.9, 147 4, 129 7, 118 5, 113.3, 110 1, 
55 1,48 3,45 0,417,35 3,33 5.32.7, and 22 3, m/z (%) 247 (M+ 36%), 148 (30) and 99 (100) 
[Found C, 72 9, H, 8 7, N, 5 6, Ct5H2tN02 requires C. 72 8. H, 8 6, N, 5 781 

Enantiomenc excess 80% (f4%) as determined by ‘H n m r spectroscopy TFAE (0 03Og) added 

to sample (0.0108) dissolved in CDCl3 

(-)-Trans-5(S).7(R)-hexahydro-5-(3-methox~h~vl)-1.5,7-rnmethvl-2-~o~none (15, R=Me) 

Dry tetrabydrofuran (50 cm3) was added to a mixture of the tranr-caprolactam (15, R=H) (6 05 g. 
24 5 mmol) and sodmm hydnde (97% 011 dlsperslon, 1 21 g. 48 9 mmol). and the suspension was 
sarred at room temperature for 18 h, under a mtrogen atmosphere Iodomethane (7 6 cm3, 17 4 g, 
122 mmol) was added dropwlse and the suspenaon was stmed at room temperature for a further 48 
h After quenchmg wth ice (100 g), the mutture was extracted with ethyl acetate (4x50 cm3) The 
combined, extracts were washed with saturated bnne (30 cm3), dned (Na2S04) and evaporated under 
reduced pressure to give the ntle compound as a pale yellow otl(6 35 g, 99%). [c&l* -1 8 (c 4.3 

CHC13), S,7 3 1 (1 H, t, J 8 0 Hz, S-H), 6 90 (1 H, ddd, J 8 0,2 0 and 0 8 Hz, 6’-H). 6 84 (1 H. t, J 
2OHz,2’-H),678(1H,ddd,J80,2OandO8Hz,4’-H),382(3H,s,OCH3),367(1H,p,J8O 

Hz, 7-H). 2 86 (3 H, s, NCHS), 2 62 (1 H, t, J 12 8 Hz, 3-H), 2 56-2 37 (2 H, m, 3- and 4-H), 2 21(1 
H, dd, J 14 8 and 18 Hz, 6-H), 170-l 56 (2 H, m, 6- and 4-H), 130 (3 H, d, J 8 0 Hz, 7-CH3) and 
1.12 (3 H, s, 5-t&). S, 175 6 (CO), 159 9 (3’-C), 147 5 (1’-C), 129 7 (Ar-U-I). 118 5 (Ar-CH), 

113 1 (Ar-CH), 110 2 (Ar-CH), 55 0 (OCH3), 49 8 (7-C), 45 9 (CH2), 415 (5-C), 34 6 (CH3), 34 3 

(C!Hd,33.0 (CH2), 27 3 (CH3) and 20 5 (CH3); m/z (%) 261 @I+, 33). 246 (2, M-CH3) and 113 (100) 
[Act mass found 261 1737 C16H~N02reqmres 261 17271 

J+)-5(S),7(R)-5-(3-MethoxvDhenvl)-5-meth-2-one (16) 
Methyl hthmm (14 M, 14 2 cm3, 19 9 mmol) was added dropwise to a snrred solution of the 

methylcaprolactam (15, R=Me)(S 2 g, 19 9 rnmol) in dry tetrahydrofwan (100 cm3) at O”C, under a 
nitrogen atmosphere, and the mixture was steed at room temperature for 2 h After cooling to 
-23°C. mfluoroacetlc anhydnde (8 4 cm3, 12 5 g, 59 7 mmol) was added dropw~se and the soluhon 
was then allowed to warm to room temperature over the penod of 1 h The reacnon was poured onto 
ice (200 g) and then extracted with ethyl acetate (4x75 cm3) The combmed organic layers were 
washed wth water (50 cm3), saturated bnne (40 cm3), dned and evaporated under reduced pressure 
to gwe a brown oll(l2 5 g) Pun&anon by “sucnon flash” column chromatography on sihca gel, 
elutmg with chloroform, gave the mle compound as a pale yellow waxy solid (4 11 g, 55%) m p 
79 O-80 O’C, and the stamng compound (15, R=Me) as a yellow 011 (0 67 g, 13%) [alD1* +89 4 (c 
1 3, CHC13) v,,,,cm-’ 1680 (CO); S, (91 rotamenc rmxture) 7 19 (1 H, t, J 7 9 Hz, 5’-H), 6 82-6 69 
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(3 H, m, 2’-H, 4’-H, and 6’-H), 4 77 (lH, m, 7-H). 3 78 (3 H, s, OCH$, 2.65 (s, NCH3, mmor 

rotamer), 2 39(q, J=1.7Hz NCH3, major nxamcr) 2 32-l 52 (6H. m, 3-Hz, ~-HZ, and 6-W 1.99 
(3H, s, 1-H3), 1 52(3H, s, S-H3). 1_08(3H, d, J 6 8Hz, 8-H), m/z (96) 373 (M+, 28%). 175 (66). 154 
(lOO), 148 (89) pound C, 61@ H, 7 05, N, 3 7 C@&No3 C, 61 1, H, 7 0, N, 3.75%) 

~+)-1(S),1’(R)-1,2-D~hy~7-methoxv-l,4-d~methvl-l-~ 1’-(N-methylmfluoroacetamldo) 
-l’-methylethan-2’-vllnaohthalene (17) 

A soluhon of hydrogen chlonde m dry &oxane (5 3 M, 10 cm3) was added to a solution of the 

mfluoroacetatmdoketone (16) (3 91 g, 10 5 mmol) m dry &oxane (40 cm3) and the resulang soluaon 
heated at 7OT for 2 h, under a maogen atmosphere After coolmg, tbe soluhon was treated Hnth 
methanol (500 cm3) and then evaporated under reduced pressure unt~I only 50cm3) remamed. This 
process was repeated twtce more to ensure that all the hydrogen chlonde had been removed The 

remamder of the solvent was removed under reduced pressure to gve a yellow 011. Punficauon by 
“suction flash” column chromatography on silica gel, elutmg with ethyl acetatei petrol (1.19), gave 
the startmg compound as a yellow 011(1 10 g, 28%) and the title compound as a colourless 

crystalline solid (2 35 g, 63%). m p. 95 O-96 O’T [alo ‘* +43 9 (c 1 1 CHQ), v,,,,cm-* 1685 (CO), 
1610 (C=C), 8,,, (14 nuxture of rotamers) 7 15 (1 H, d, J 8 6 Hz, 5’-H). 6 79 (lH, d, J 2 6 Hz, 8’-H). 
6 71 (lH, dd, J 8 6 and 2 6 Hz, 6’-H), 5 64-5 61(1 H, m, 3’-H), 4 86-4 73 (1 H, m, 2-H, major 

rotamer), 4 11-4 05 (1 H, m, 2-H, minor rotamer), 3 79 (3 H, s, OCH3), 2 60 (3 H, s. NCH3, mmor 
rotamer), 2 47 (3 H, q, J 1 7 Hz, NCH3, major rotamer), 2.31 -196 (3 H, m, 2x1-H and 2’-H), 2.04 (3 
H, s, 4’-CH3), 1 36 (3 H, s, l’-CH3), 1 26 (1 H, dd. J 15 1 and 2 6 Hz, r-H). 1 12 (3 H. d. J 6 4 Hz, 
3-H, mmor rotamer) and 104 (3 H, d, J 7 0 Hz, 3-H, major rotamer), m/z (%) 355 (M+, 35), 188 
(lOO), 187 (94), 186 (71) and 172 (47) [Found C, 64 5, H, 6 9, N, 3 9, CI$-luF3N02 requires C, 
64 2, H, 6 8, N, 3 9%] 

Crystal data Ct9H2402NF3, M = 355 4 Orthorhomhc, a = 8 992(3), b = 13 042(3), c = 
15 511(5)A, V = 1819 0 A3 (by least squares refinement on dtffractometer angles for 12 
automattcally centred reflections, i = 0 71069 A), space group ~2~2~2~. Z = 4, D, = 130 gcmm3. 

Colourless rods. Crystal dunensions 0 3 x 0 3 x 0 33 mm, p(Mo-Ka) = 0 64 cm-‘. 1837 reflecttons 

were measured (2<8<24’), 1624 unique and 895 observed with I>300 The structure was solved 
(duct methods) and refined usmg the SHELX smte of programs Final R was 0 0925 for unit 
weights 

J+)-l(S),1’(R)-1.2-D~hydro-7-methoxy-1,4-d~methyl-l-~l’-(N-methylarmno)-l’-methyl 
ethan-2’-vllnaohthalene (20) 

A nurture of the tnfluoroacetamldtihydronaphthalene (17)(0.50 g, 141 mmol) and anhydrous 
potassium bicarbonate (1 0 g, 7 24 mmol) m 80% methanol (5 cm3) was somcated in an ultraso~c 
bath for 18 h, under a nitrogen atmosphere The resultmg solutton was poured mto water (10 cn?) 
and extracted with ethyl acetate (4x10 cm3) The combmed orgamc layers were washed with 
saturated brme (5 cm3), dried, and evaporated under reduced pressure to gve the htle compound as 
a pale yellow otl (0 36 g, 99%) [cz]D’~ +40 8 (C 14 C!H$l2), v,, (hqmd) cm-t 336Ow (NH), 1610 
(C=C),~719(1H,d,J84Hz,5’-H).6.89(1H,d,J26Hz.8’-H).673(1H,dd,J84and2.6Hz, 
6’-H), 5 65-5 58 (1 H, m, 3’-H), 3 82 (3 H, s. OCH3), 2.43 (1 H, pd, J 6.4 and 3 3 Hz, 2-H), 2 32-2.23 
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(1 H, m, 2’-H), 2 12-2 02 (1 H, m, 2’-H), 2 03 (3 H. m, 4’-CHs), 1 99 (3 H, s, NCHs), 194 (1 H, dd, J 
14.4 and 6.4 Hz, l-H), 1.33 (3 H, s, l’-CHs), 1.25 (2 H, br s and dd, J 14.4 and 3.3 Hz, NH and 1-H) 
andO98(3H,d.J64Hz,3-H) 

1.2~Drhvdro-7-methoxv- 1 A-dlmethvl- 1-f 1’-(N-methvlammo)- 1’-methvlethan-2’-vllnanhthaJene 
chrommmmcarbonvl 

Chrommm hexacarbonyl(0 12 g, 0 55 mmol) and the ammo dthydronaphthalene (20) (0 13 g, 0.50 
mmol) were placed m a round bottomed flask (5 cm3) fitted wrth a water condenser and a mtrogen 

/vacuum system. After the system had been thoroughly flushed out wrth nitrogen, a degassed 
soluuon of dr- n-butyl ether (3 cm3) and tetrabydrofuran (0 3 cm3) was added vra a cannula and the 
nnxture was heated under reflux for 30 h (The solution changed colour from orange to black in this 
ume) The solutron was allowed to cool before filterauon through an ahnmna pad whrch had been 
prevrously flushed wtth nitrogen. A degassed soluuon of drchloromethane/ethanol/methylamme 
(90 8 1) was used to wash the filter pad, and the combmed filtrates were evaporated under reduced 
pressure to gtve an orange 011 Punficatton by “flash” column chromatography on s&a gel (whrch 
had been flushed with mtrogen pnor to use), elutmg wtth a degassed sohmon of 
drchloromethane/ethanol/tnethylarmne (180 8 1) gave the tttle compound as an orange or1 (0 048 g, 
24%), which was sensmve to both an and hght S, (21 rmxture of two &astereomers) 5 69-5 12 (4 

H, m, 3’-, 5’-, 6’- and 8’-H), 3 72 (3 H, s, 0CH3), 2 68-2 39 (2 H, m), 2 36-2 20 (1 H, m), 2 28 maJor 
and 2 17 mmor (3 H, 2xs, NCH3), 1 88 (3 H, s, 4’-CHs), 1 68-1 09 (3 H. m), 147 major and 1.16 
muter (3 H, 2xs, l’-CH3), and 0 90 (nunor) and 0 72 (maJor) (3 H, 2xd, J 6 Hz, 3-H) 

Chrommm hexacarbonyl(0 68 g, 3 09 mmol) and the tnfluoroacetanud~hydronaphthalene 29c 
(1 00 g, 2.81 mmol) were placed m a round bottomed flask (50 cm3) fitted wrth a water condenser 

and a nitrogen /vacuum system After the system had been thoroughly flushed out wrth mtrogen, a 
degassed solunon of dr- n-butyl ether (18 cm3) and tetrahydrofuran (2 cm3) was added via a cannula 

and the rmxture was heated under reflux for 40 h (The soluuon changed colour from orange to 
green m this per&) The soluhon was allowed to cool before being filtered through an alumma pad 

which had been prevrously flushed wrth nitrogen A degassed soluuon of petrol and then ethyl 
acetate was used to wash the filter pad, and the filtrate was evaporated under reduced pressure to 
gtve an orange 011 Pm&anon by “flash” column chromatography on srhca gel (which had been 
flushed with mtrogen pnor to use), elutmg wrth a gradtent of degassed ethyl acetate/ petrol (3 22 to 
3 17 to l-4) gave the tmns- tsomer of the ntle compound as a yellow/orange rmcrocrystallme soled 
(0 49 g, 36%) m p 95 0- 96 O’C, the crs-isomer as an orange sohd (0 05 g, 4%) m p 104 5-106 O’C, 

and the startmg materral as a pale yellow crystallme sohd (0.58 g, 58%) 
Phystcal data for the rrans-complex v,,,, cm-’ 1960,1950,1890 and 1850 Q-CO), 1680 (armde 

CO), 8u 5.66 (1 H, d, J 6 Hz, 3’-H), 5.58 (1 H, d, J 7 Hz, 5’-H), 5 19-5.14 (2 H, m, 6’- and 8’-H), 4 82 
(1 H, br p, J 7 Hz, 2-H), 3 70 (3 H, s, OCH,), 2 63 (4 H, m and s, NCHs and 1x2’-Hz), 2 24 (1 H, dd, 
J 14 and 9 Hz, 1x1-H*), 2 09 (1 H, dd, J 17 and 7 Hz, 1x2’-Hz), 192 (3 H, s, 4’-CHs), 144 (3 H, s, 
I’-CH3), 128 (1 H, d, J 14 Hz, 1x1-HZ) and 108 (3 H, d, J 7 Hz, 3-H), S, 233 3 (Cr-Co), 140 7 
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(4’-C), 128 2 (7’-C), 125 0 (3’-C), 117 7 and 97.2 (4’a- and 8’a-C), 90.0,77 6 and 76 9 (S-, 6’- and 
8’-C), 55 3 (0U-Q 47.0 (2-C). 41 1 and 37 4 (2’- and 1-C). 35 9 (1’-C), 32 4 (NC&), 23.7,20 0 and 
18 7 (3xtT-Q). m/z (%)(CI) 492 (M+l, 18), 491(23. M+), 407 (16. M+-3xcO). 356 (100). 355 (48, 
M-Cr(CQ3), 188 (43), 187 (52) and 186 (49) pound- C, 53 9, H. 5 05, N. 2.8, C&H#rF3NOs 
reqmres: C, 53 8; H, 4 9, N, 2.85%] 

Physlcal data for the c=-complex. v,, cm-l 1970,1940,1890,1860 and 184Osh (Cr-Co), 1690 
(armde Co), S, 5 69-5.59 (2 H, m, 3’- and 5’-H), 5.17-5.04 (3 H, m, 2-. 6’- and 8’-H), 3 72 (3 H, s, 

OCH& 3 05 (3 H, s, NC&), 2.59-2.02 (3 H. m, 2’-Hz and 1x1-Hz), 188 (3 H, s, 4’-CH$, 1.31(3 H, 
d, J 7 Hz, 3-H) and 1.17-102 (4 H, m and s, 1x1-H* and l’-U-Is). S, 233 5 (C&O), 141.7 (4’-C), 
127 3 (7’-C), 125 0 (3’-C), 118 6 and 97.3 (4’a- and 8’a-C), 90 5,77 2 and 75 0 (5’-, 6’- and 8’-C), 
55 7 (OCH3), 47 1 (2-C), 41 6 and 33 9 (2’- and I-C), 35 4 (l’-C), 26.5.20 4 and 18.8 (3x(X3); m/z 

(%) 407 @I+-3xCO.18). 355 (41, M-Cr(CO),), 213 (11). 201(13), 188 (85). 187 (100) and 186 (93) 
[ Act mass found for fragment 407 1180 (M+-3xCO) C$$&rF~N& reqmres 407.11581 

I-)- 1.2.3,4,5,6-Hexahvdro-8-methoxv- 1.3.4.~tetramethvl-2.6methano-3-benzazocme (19) 
Degas& aqueous methanol (67%. 6 cm3) was added v1(~ a cannula to a nnxture of 

tnfluoroacetarmd&hydronaphthalene chrommm mcarbonyl complex (18) (0.10 g. 0.2 mmol) and 
anhydrous potassium carbonate (0 20 g, 14 mmol) under an argon atmosphere. The rmxture was 
somcated m an ultrasomc bath for 3 days, dunng which tune the potassmm carbonate Qssolved. At 

the end of this penod three components were vlslble by t 1 c . the stamng matenal, the ammo 
denvatlve of the stamng mater@ and the chrommm mcarbonyl complex of the title compound The 
solution was added to water (5 cm3) and extracted with ethyl acetate (4x5 cm3) The combmed 
organic pomons were washed urlth bnne (3 cm3) and quickly dried, and evaporated under reduced 
pressure to @ve an orange od (0 08 g) This residue was then dissolved m drethylether (5 cm3) and 
placed m a sunlit posmon, m the presence of a~, for 24 h (After this tune the orange solution formed 

a green suspension) The suspension was evaporated under reduced pressure and the residue then 
punfied by “flash” column chromatography on slhca gel, elutmg with dtchloromethane/ 

ethanol/aqueous ammonia (100~8 1) to gve a nuxture of the title compound (19) and the 

ammodrhydronaphthalene (20) Further punficahon by preparative tl c on slhca gel (1 mm, 60 
Gm54 Merck), usmg the same eluant as before, gave the the ammtihydronaphthalene (20) (0 030 
g, 57%) and the utle compound as a white waxy solid (0 009 g, 17% overall peld, 40% based on 
recovered ammtihydmnaphthalene) m p 66 O-67 O’C, [a]~‘* -59 3 (c 2 0, CH&l& v,cn$ 
2980,1600,1570, s, 7 08 (1 H, d, J 8 4 Hz, 10-H), 6 80 (1 H, d, J 2 7 Hz, 7-H). 6.73 (1 H, dd, J 8.4 
and 2 7 Hz, 9-H), 3 79 (3 H, s, 0CH3). 3 12 (1 H, q. J 7 1 Hz, 1-H). 2 88 (1 H, t, J 3 1 Hz, 2-H). 2.42 
(3 H, s, NCH3), 2 13-192 (2 H, m. 1x4- and 1x1 l-Hz), 169 (1 H, ddd, J 12 6.3 8 and 1 1 Hz, 
1x11-Hz), 1 35 (5 H, s and m, 6-CH3 and 5-Hz), 122 (3 H, J 7 1 Hz, l-CH3) and 0 92 (3 H, d, J 6 2 
Hz, 4-CH3), S, 157 7 (8-C). 145 4 and 145.6 (6a- and lOa-C). 128 9,1112 and 110 1 (7-, 9- and 
10-Q 62 8 (CH), 55 1 (GCH3), 50 1 (CH and CH& 39.7 (NC!H3). 36 0 ((X9.33.8 (6-C), 29 6 
(1-C). 28 0,24 9 and 20 6 (3xCH3). m/z (96) 259 (M+, 20). 244 (100, M-CH-$, and 124 (31)[ Act 
mass found 259 1936 (M+, 26%). C17H~N0 reqmres 259 19341 Enanaomenc excess 86% (f2%) 
as determined by ‘H n m r using a solution of TFAE (0 05Og ) and the sample (0 007g) m CDCl3 
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