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Abstract-'&e Friedel-Crafts alkylation of benzene with ?a- 
~arbethoxymethylo~tahydrob~nzofuran-2-one provided 1,2-di(carb- 
oxym~thyl~~l~phenyl~y~luh~xane* A two stage cyclisation of this 
diafji#_via intramolecular acylation gave 9,10-benzobicyclof5.3. 
Z,$l .* jdodecan-8,lSdione as an attractive precursor of the 
morphinan ring system. Alternatively, the foregolug diacid 
could be cyclised to phenylbieyclof4.3.0)nonan-a-one which was 
converted into 2-~thyl-4a-phenyl-trans~de~ahyd~oisoquinolin~~ 

A continuing point of departure in the quest for the perfect analgesic is the 

synthesis of molecules retaining a significant portion of the ring system of 

morphine CL>. Typical examples are provided by the morphinans (211, which lack only 

the furan ring, and the 4a-a~ylde~ahyd~uisoquinolines (,212which additionally lack 

ring B. Prior synthetic endeavours have been largely directed to the production 

of derivatives of (2) and (3) having similar functionality in the rtisidual ring C 

t;o that found in morphine or its simple derivatives. The production of compounds 

in which one or more of the ring C carbon atoms has been replaced by a heteroatam 

appears ta have received little or no attention, and indeed the existing syntheses 

seemed to be ill-suited for this purpose, The present paper reports the results of 

model studies aimed at establishing a more suitable synthetic route to such 

compounds. 

For reasons of synther;ic economy a route which would enable the abtention of 

derivatives of both (21 and (3-1 from a common intermediate was especially 

attractive, Analogy witharoute previously used for the synthesis of ben~o~~phan3 

suggested commencing with a preformed ring C ketone, For our model studies we 

employed cyclohexanoae itself, although we antfcipated that other cyclob~xanon%s, 
tetrahydropyrones or piperidinones might be used instead. Following a literature4 
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procedure cyclohexanone was converted, through the pyrrolidine enamine and 

subsequent reaction with ethyl bromoacetate, into ethyl 2-oxacyclohexylacetate, 

The latter compound was then subjected to a Reformatsky with ethyl bromoacetate 

to give the lactane (41, An earlier paper' had shown that the addition of methyl- 

magnesium iodide to ethyl Soxocyclohexylacetate generated a 2:1 mixture of the 

cis and trans lactones corresponding to (4-1, and the 'H~nmr spectrum of (4) 

itself showed,inter alia,two sets of absorptfonsforthe methyl and methylene -- 
protons of the ethyl group in roughly 2:f proportian suggesting that this also was 

a mixture of cis and trans isomers, Fredel-Crafts alkylation of benzene with the 

lactone (4-1 provided, after hydrolysis, the diacid (51, The 13C nmr spectrum of 

(21 showed the presence of only fourteen distinct carbon atoms, indicating that 

only one of the possible diastereoisomers had been obtained, 

fncontrastto the behaviour of 3-methy~-3-phenyladi~i~ acid6, cyclisation of 

the diacid (21 with hot ~~lyphusph~ric acid only proceeded as far as the ketoacid 

(6_), Further cyclisation to the diketone (2) could only be effected in miniscule 

yield on prolonged acid treatment with the remainder of the reactant being 

destroyed. A more satisfactory procedure entailed the conversion of (2) to the 

acid chloride with oxalyt chloride and subsequent reaction of the acid chloride 

@a> (11, 

The stereochemistry of these compuunds was established from their 'H nmr spectra, 

In the spectrum of the ketaacid (6-j Ha and Hb were observed as a doublet, J=SHz, 

which is consistent with the stereochemistry shown in (6-a) whertl there are 

identical dihedral angles between Ha and WCS and Rb and H,. In contrast, dihedral 

angles of ca. 180* and 66* bet;ween Hc and Ha,and He and Hb in fgb) would be 

expected to result in different cuupling constants between these pairs of protons. 

These conefusions are further supported by the spectral properties of the diketone 

CIC, where H-7 is observed asadoublet, J=lPHz, at 3,8?ppm, as a result of its 

coupling with H-6 whereas a coupling cunstant of about zero would be anticipated 

fczr its C-6 epimer as the two protons wuuld be virtually orthogonal. Additionally, 

no long range coupling could be detected between H-6 and W-4e, but would again 

have been expected in the C-6 epimer, by analogy with observations on the 

diketone (8_j6. Thus the diketone C?_> has the same relative stereachemistry as 

morphinan and should be readily converted into this compound employing one or 

other of the routes previously reported'for the conversicra uf (&)into benzamorphan, 



1569 

Our second objective, namfy the synthesis of Qa-phenyl-trans-decahydroiss- 

quinol ines p was accomplished in the following way, Cyclisation of the diacid 0-1 

with sodium acetate and acetic anhydride provided the ketune (9-3, in good yield. 

The trans ring fusion follows from the stereochemistry deduced above for compounds 

(6-a) and Cl>, The initial intention was to convert (9-3 into the oximino-ketone (21, 

and rearrange this into the imide <=I, Although analogy with the bebaviuur of 

similarly trans-fused cyc~~pentan~nes suggested!that ketone (9-1 would preferenti- 

ally undergo reaction at the C-9 methylene group this did nctt prove to be the case, 

Nitrasation of (21 with butyl nitrfte in the presence of hydrogen chloride gave a 

poor yield of the ~ximin~-ketone (gIt the orientation of which follows from the 
* 

observation, inter alia t -- of a singlet for the two C-9 protans in the “H nmr 

spectrum. However, attempts to effect the conversion of (IO) into (z)_either by 

heating with p~lyphosph~ric acid or by ref luxing with acetic anhydride’ were 

unsuccessful. As the Beckmann rearrangement af the oximes uf related ketones is 

reported’ to yield a mixture of both passible amides it was decided to convert <!2_) 

into the unsaturated ketone (12) and then rearrange the derived &methylnitrone 
fU which is known to proceed unidirectionally + ~r~minati~~ of (2) with bromine in 

acetic acid provided the ‘I-bromo derivative as the geminal proton was observed at 

4.58 ppm* as a triplet, rather than the singlet anticipated for the 9-bromeisomer, 
Ph Ph 

Ph Ph 

(g) R=Me 

Presumably the two couplings observed for H-3 arise from interaction with H-6 and 

one of the methylene protons as established fur compound (131, vide infra. - -- 
Subsequent dehydr~br~minati~n with collidine gave the unsaturated ketone (12). 

While these transformations were in progress it was noted that the l3Cnmr 

spectrum of the oxime of (9-1 indicated that it was only one of the possible 

geometrical isomers. Treatment of this oxime with hot p~~yph~sph~ric acid yielded 

the amide (13). The “H nmr spectrum of (131 displayed signals for the C-l protons 

at 2.99 ppm (t, J=llHz) and at 3,29 ppm. The initial multiplet observed in the 

latter case simplified to a doublet of triplets <J= 1X and 4.9HzI on exchange of 

the amide N-H with DzO, and can be assigned to Hlb$ which is appraximately coplanar 

with the N-R proton. The If Hz coupling observed for this proton is clearly a 

geminal one with Hb and one of the 4.9 Hz cuuplfngs arises from interaction with 

H-8a, while a CCSY spectrum indicates that the repining one arises from a longer 

range coupling with a methylene proton at 1,95ppm, The 11 Hz couplings observed 

for Rib are attributable to a geminal interaction with Hla and a Vicinal one with 

H-8a. These spectral data clearly establish the structure of the amide as (z) 

rather than the isomer&z (El. The conversion of (t3) to (16) was established by 

~~~thylat~~n with sodium hydride and methyl iodide, fallowird by a lithium 

aluminium hydride reduction of the intermediary (14). 



7a-Carbethoxymethylocctahydrobenzofuran-20one (4_). Rthyl bromoacetate (17 ml, 0.15 

awl) in dry benzene (25 ml) was added dropwise to a stirred suspension of activated 
zinc dust (log, 0.15 mol) in refluxing dry ether (XQU ml), To this was added drop- 
wise and with stirring ethyl 2-oxocyclohexylacetate (14.5 ml, Q.U8 moI) in dry 
benzene over a period of 30 minutes. The resulting mixture was refluxed for a 
further 3 hours, cooled, poured onto ice and acidified with hydrochloric acid, The 
organic layer was separated off and the aqueous phase extracted with ether, The 
combined organic= extracts were washed with saturated brine, dried (MgSO ) and 
evaporated to give (4-1 (Qg, 53%) bp 112-115° at 0.5 mm Iig, (Fu_ynd: 
8.20. Cl,Hl,o, requires: 

C, 64.93; Ii, 
C,63.72; H, 7,97X); IR 1780, 1735 cm ; NMR (9UMHz) 

l.l8(t, 3H, J=?Hz, CH.CR ), 1.3-L65(m, 4W), 1.65-1.95(m, 3H) 2,2-2,6(m, 4H), 2.65 
(s, 2H, CH,CO Et), 4.$5-gnd 4.l(two quartets of roughly 2~1 iitensity, 
Cz2CH3); @$ m?z 226(M 

J=?Hz, 
,23), ZUQ~SZ), 208(36), 198(3?), 180(22), 139(87), 83(1UU), 

1,2~~i~~arboxymethyl~~l-phenylcy~l~hexane (5_). The lactone (2) (4Ug,U,l?? mol) in 

dry benzene (200 ml) was added dropwise to a stirred suspension of anhydrou~ 
aluminium chloride (8Ug, 0.6 mol) in dry benzene (15U ml) maintained below 5'. On 
completion of the addition the resul ting mixture was st irred o vernight at room 
temperature, and subsequent ly poured onto a mixture 0 If ice and hydrochl ori c acid. 
The resulting two layers were separated, the aqueous layer extra&ted with ether 
and the combined organic extracts then extracted with 15% potassium hydroxide 
solution, The basic extraets together with potassium hydroxide (13g) and ethano& 
(25 ml) were heated under reflux for 4 hours, cooled and then poured onto ice and 
hydrochloric acid. The preipitated diacid (!j_> was recrystallised from methanol. 
(23.3g, 48%) mp 164-166* (Found: C, 69.8_#; 4, ?,26. Cl H UO requires: C, 69.56; 
H, 7.25%); IRiNujol) 34UU-2603, 1700 cm $ H NMR 190 &Ii?!, Byridine-d,) 1,3-l,? 
(m,3H), l,?-1.95(bd, lH),l.95-2.4(m, 48); 2.49( dd, lR, J=8.4 and 3,?&,CH CO H) 
2.!W(dd, fff, J=8,5 and 3..8Hz,CH CO H).* 2.63(bt, lH, J=l2Hz) 3,U-3.0662H & &t& 
lines obscurfg, Cg CO HI, 7.25=?.4?m, SH, C H ), 13.?U(bss2h, exchangeable &ith 
I) 0, CO H); 
agd 33.srC.H ); 

C NM% ld8.8, 127*2, X26,4 and64s.9(CH); 40.9, 39.7, 39.6, 3$,U, 34,l 
147.3 and 43,65(q.C's); 175.8 and 175,6(C=O); MS m/z 276(M ,8) 

(401, 240(1& 217(8U), 203(62), 180(18), 170<27), 15?(46), 154C59), 143(27),'1::8 
(34), llWW, 104(92), 91(lUU). 

Polyphosphoric acid (25 ml) was added to the diacid (5) (5*UgS and with efficient 
stiring the temperature was raised slowly to an external oil bath temperature of 
12u", and heating 'then cuntinued for 2 huurs. The cooled reaction mixture.was 
Poured onto ice and the resulting solid filtered off. This was purefied by column 
chromatography on silica gel using petroleum ether: ethyl acetate: acetic acid 
(2:6:1) to give fEa)-(4.1g, 87551, mp. lOa-106P from pet, ethertethyx acetate, 
(Found: C, 74.76; H,6.56. C H 0 requires C, 74-41; If, 6.9?%~;.~R~~ujo~~ 34UO- 
2560, 1700, 1660, 1600, 7701~m?8N~R (9UMHz) 1.45-2.45(m, 8H, 1-,2-,3-,4-H), 2.57 
(d, lH, J=12Hz, H-11), 2.61(d, lH, 3=12Hz, H-11),2.94(d,2H, J=?,SBz, H-10), 3,2- 
3,4Cm,‘lH, H-lOa), 
lU.Q(bs, 

7,&3-7,6U(m, 3H, H-5, H-6, H-7), 7.95$d", lH,.J-9 and 2Hz), 
lW, exchangeable with I3 0, -CWH); MS m/z 258(M , 451, 240(2U), 222(25), 

198(27), 137157), 118(luU), 114&L 

9,1U-Benzobicyolo[5.3.2.U1~6 ldodecan-8,12-dione (1). The ketoacid (ga) ~2g~U*UU8 

mol) in dry benzene was treated with oxalyl chloride (1.0 ml,U.Oll mol) and 
refluxed for 1 hour. The reaction mixture 
acid chloride as an oil. IR 18UU, 1665 cm 

_yas then evaporated in vacua to give the 
. This was then dissolved in 

nitromethane (10 ml) and silver perchlorate (1.3g;Q.U063 mol) addedtothestirred 
solution. After stirring for 24 hours at roan temperature the reaction mixture was 
filtered and the filtrate poured into water. Extraction with chloroform provided 
the crude product which WBS ehromatographed on silica gel in toluene-ethyl acetate 
(4tl) to give the diketone (7_) <Q.4g, 28%) as an oil, (Found: C,79.8; R,6_f34. 
C H 0 requires: C:t 80.0; H, 6.67%); IR(neat) 1749, 1680, 1610, 770 cm ; 
N&a )853MHz) 1.45-3,3(m, 8W, H-2, H-3, H-4, H-s), Z.d(m, 2Ht.H-11), 2.75-2&5(m, 
fH, H-6), 3.5(d, SH, J=l%Hz, H-7), ?.l-7.3(m, 3H, H-l', R-2*, H-3$), 7,85Cdd, lRI, 
J=8 and ZHz, H-4'); BdS m/z 24U(M , 5), 9l(lUU). 

l-Phenyl-trans-bicyclo[4‘3~Ulnonan-8~one fEt_)='I'he diacid Cz,> Clg 

ride (lUm1) wa s ref 
refluxing cant inued 

1 .uxed for 2.3 hours when sodium acetate (fg) 
for a further 2.5 hours The reaction mixtu 

trated and the residual sol id t reated with methanol (lUml>. The 
was filtered of f and the fi ltra .te diluted with water. After bas 
potassium bicarbonate the organic product was isolated by ether 
~hromatographed on silica gel, Elution with petroeum etherlethy 
yielded ths ketone (2) fU.S7g, 
C H 0 requires: 

74%) as a colourless oil,lfFound 
C, 84,ll; H, 8,41X); IRtneat) 172U cm 

<A: IffH), 2.3lft, lH, J=5,4Hz), &$U(t, 
; NMR 

lH, J=5,7Hz), 2.68(dt, 
7.1-?.4(m, SH, C6H5); MS m/z 214tM ) 66), 13J(37), 113(22), 104 

1 in acetic anhyd- 

was added and . 
re was then cocen- 
remaining solid 
&fication with 
extraction and 
1 acetate (3~3) 
: C, 84.25; H, 8.3 
~2~U~H~) 1,15-2L,l 
lH, J=l2 and 3.5Hz 
(loo), 95(35),91(8 

9. 

13, 
23, 



The ketone was converted into the oxime by treatment with hydroxylamine 
hydrochloride and sodium acetate in aqueous ethanol, The oxime was obtained as a 
colourfess oil after chromatography over silica gel in toluene/ethyl ;ec@tate 
(3~1) in 88% yield. <Found:C, 78.58; H, ?.S?; 4, 6.02, C Hl NO requires: C, 78.60; 
H, 8.36; N, 6.11%); fR(neat) 3300, 1610 cm e J H NMR~9~~~~ t.25-2AXm; 8H, H-2, 
H-3, H-4, H-S), 2,25-2,?(m, BH, H-2,&9) 3.35(m, lH, H-61, ?.Q5-7,35(m, tSH,C H It 
8.2(bs, lH, exchangeable with D 0, OH); '3C NMR 31.00, 33.59, 34,X5,34,31, 36.%gi, 
38.63 ( all CH,'s), 44,49(CH), 85.84(q$), 126.J2, 126.83, 128,35( all CH's), 
146.77(qC), lG!!!(C=N)ppm.; MS m/z 229(M , a), SS(651, 83(100), 

7-Oximino-f-phenyf-trans-bicycfoI4.3,0ln~na~~8-on~ (10). Hydrogen chloride gas 

wasbu~ledthrou~h a solution of the ketone (9) (2g, U~~U93rnol~ in dry ether (15ml). 
s--Butyl nitrite \2g, O.QlSmol) was then adde‘a dropwise, After addition of the first 
portion of butyl nitrite the mixture became dark broikn in colour, changing to 
yellow after a few minutes. At this point the reaction was warmed so that the ether 
began to reflux gently. The resl: of the nitrite was slowly added, and subsequently 
stirring and bubbling olt' hydrogen chloride was continued for a further 15 minutes, 
The reaction mixture was allowed to stand overnight and then poured into water. 
Extraction with chloroform provided a brown gum which was ~hro~togra~hed on silica 
gel in petroleum etherfethyl acetate (I:l) to give (10) as an oil (O,f>g, ZZZ), 
(Found: C,73,86; H, 6.75; N, 5.66. C H NO require= C, 74.07; H, 6.99; N,5.76%). 
IR(neat1 3300, 1690 cm ; NMR~9~MH~)'~.~~-2?6(m,8H~ H-2,H-3,H-4,H-5), S.l(m,lH, 
H-6), 3.5(s,+2H, H-9), 7,2-?.3(m, 5H, C H5), 7.91bs, 
MS m/z 243(M ,6), 242(3), 17ctG), 

lH, exchangeable with D20,0H); 
157(79, 143(g), 130(36), 129011, 110(26), 104 

UOO), 9X25), 91(77). 

4a-~henyl-?-oxo-transde~ahydrois~quinoline (13), The oxime of ketone (21 (lg, 

0.0044 mol) was -stirred for two hours with polyphosphoric acid (13g) at 12O*C. 
After coaling the reaction mixture was poured onto ice and the organic products 
isolated by chloroform extraction. The crude product thus obtained was purifiedby 
chromatography over silica gel in toluenelethyl acetate/methanol (6:3:1> to give 
(2) (0,85g, 85X), mp. 82-83'C from toluene. (Found: C, 78.35; H, 8.18; N-1 5*72, 
C15H19NU requires: C, 78.60; H, 8eZ9; N, 6;,IIX); IR(nujo1) 3233, 1660 cm .; 

'H NMR~2~3MHz) 1.14-1,85im,4H), 1.8%2.15(m, 4H)~2*4~-2~75(m,3H~,2*99~t, lH, 3= 
llHz), 3.29('m; lH, appeared as a dt after D20 exchange, J= 1llIgnd 4,9HzT, 6.29 
Ibs, lH, exchangeable with D,O, NH), 7.17-7,34(m, SH, C H ); C NMR 172.66(CU), 
146*43(qC), 128.46KHx2), 12&7PKXx2), 126.34(CH), 47.#9?qC), 43.41cCH ), 40.53 
(CH >, 36.30fCH)~ 37.88KH2), 37.2?(CH2), 36.35(CHg), 33.11tCH2); MS m/E 229(M 9 
8714 104(100)* 

2-Methyl-4a-phenyl-3_oxo-transdecahydroiinolin~ fI41, The amide 113) (befig, - 
0.0026 mol.) and sodium hydride (0.25g, 0.010 mol) in a mixture of toluene (IUrnf) 
and N,N-dimethylformamide (15ml) were stirred together for 1 hour. Methyl iodide 
(0,5ml, 0.008 mol) was added and the mixture allowed to stir overnight, After 
careful addition of water the resulting mixture was extracted with chloroform, 
The combined extracts were washed with saturated brine, dried (?&SO > and 
evaporated to afford (14) as a pale yellow syrup (0.2Ig, 33X>, ~~~n~at~ 1650 cm -I; 
NMR~9OMH~~ l.l-1,9(m, m, H-5,H-6,H-7,H-8), 2,4-2.5(m, lH,H-8a>, 2.8(s, 2H,H-41, 
3.l(s, 3H, N$H3>1 3.9(m,XH, H-l), 4,1S(t, lH, J=SHz, H-l), 7.3-7.5(m, 5H, C6H5); 
MS m/z 243(M , 471, 115(28), 110(14X?), 91(3i6). 

2-Methyl-4a-phenyl-tranti-decahydroisoquinoline (16). Lithium alumiriium hydride - 
(O.fg) was added in portions over 10 minutes to a stirred solution of the amide 
(s) <0,2g) in dry ether f25mf) and the mixture heated under reflux overnight* 
After the careful. addition of just sufficient water to destroy the excess hydride 
the precipitated alumina was filtered off. The ether filtrate was then extracted 
with 2M hydrochloric acid, 
and the amine (16) 

The acid extracts were neutralised with aqueous amrf?onia 
isolated by ether extraction. Although previously obtained as 

a low melting solid our small sample (0,12g, 65X)failed to crystallise. NMRfSOMHz) 
1.2-1.9<m, 8H, H-3,H-6,H-?,H-8), 2.&2.3(m,lH), 2.5(s,3H,NCH3), 2.95fm,lH), 3,QS- 
3.15fm,lHl, ?.2-7.5(m,5H, C6H5); MS m/z 229SfM ) 77), 228(65), I51(18), 104(36), 
96(28), 91(47), 58(IOO), 

l-Phenylbicyclo[4.3.O]non-6-en-8-one (12). To a solution of the ketone (2) Clg, 

0.0047 mo2) in glacial acetic acid (5ml) was added over about 1G minutes; bromine 
(0,8g, O.OOSmol) with shaking and the temperature kept below 2U°C, When the 
addition was complete the mixture was poured into ice-water and the product 
extracted with ether, The material thus obtained was chromatographed over silica 
gel in hexaneiethyl acetate (4~1) to give-the bromoketone (I.lg:, 792) as a yellow 
oil of limited stability. IRi(neat) 176Ocm 
H-4,H-5), 2.27(s,lH, H-9),,2.6-2.85(m,lH, 

; NMR{SOMHz) 0.95-2.2(m, 8H, H-2,H-3, 

(m,SH,C H I; 
H-61, 4.58(t,lH,J=5.4Hz,H-7), 7.0-7.7 

MS m/z 294(M ,13), 292CM 161, 213(lW, 19SCX4), 196(14) 183(19), 
17-2(2?)! 570f3W, 150(14), 129{17), 118!36), 117(55), 116(,34), 91(46), b(46). 
The bromoketone (IO.6g) in collidine (10ml) was refluxed for 24 hours, After 
cooling the mixture was poured into water and extracted with chloroform. The 
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combined organic extracts*were washed with dilute sulphuric acid and saturated 
brine, dried (MgSO 

Q 
1 and evaporated in vmxm. The rrtsulting crude product was 

cbro~to~raph~d ov r silica gel in tzusthyl acetate (7:l) to gSve the 
unsaturated+ketone (121 CO.29g, 65%) as a colourfesst oil. (Found: M 212. C15H160 
requires: M 212); Ns(9OMHz) 0,95-1,9(m,6H, H-2,H-3,H-41, 2,l(s,2H,H-91, 
2.3-2.6(m,2H,H-51, 5.92(bs,lH,H-'$1, 6.95-?.5tm,5H,C6H5), 
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