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The synthesis of the 8,12-methanoazepino[2,1-a]iso- 
system 1 by Bischler-Napieralski cyclization of an 

appropriate 6-phenethyl-6-azabicyclo[3.2.l]octan-'l-one deriva- 
;;~~,$u;~s~escribed. Lactam 2 was prepared by three alternative 

(a) direct alkylation of normorphan 4, (bl alkyla- 
with 3,4,5-trimethoxyphenacyl bromide :;;;o;:dl;;t;;B;ther x 

4 reduction and hydrogenolysis, and (c) lacta- 
mization of amino esters j+, or 42, which were obtained from 
ethyl or methyl 3-aminocyc ohexanecarboxylate by direct alkyla- 
tion or by acylation with 3,4,5-trimethoxyphenylacetyl chlori- 
de and further diborane reduction, respectively. 

An active area of isoquinoline alkaloids 

research continues to be the synthesis 

and pharmacological evaluation of ana- 

loques. Thus, works about benzo[a]quino- 

lizidines2 and 6.7-benzomorphans, 3 which 

are modified structures of the alkaloids 

emetine and norohine, respectively, are 

well known. Recentely, we have .les- 

cribed the synthesis of several com- 

pounds related to those systems, as he- 

teromorphans, 
4 

7,8-benzomorphans, ' 2,5- 

methanothieno[3,2-g]quinolines,6 8,14- 

methanobenzo[e]azocino[2,1-a]isoquino- 

lines, 
7 

pyrrolo[2,1-alisoquinolines, 8 

and benzo[a]quinolizidin-2-ones. 9 

In this paper we report the synthe- 

sis of the tetracyclic base ,? which con- 

tains simultaneously the 6,7,8-trimetho- 

xy-1,2,3,4-tetrahydroisoquinoline nu- 

cleus of some peyote alkaloids 10 and 

the unusual 6,10-methanopyrido[l,2-a] 

azepine framework of some minor alka- 

loids from Secuhine_qa species. 
11 

The synthesis of 4 was achieved by 

Bischler-Napieralski cyclization of the 

6-azabicyclo[3.2.1] octan-7-one derivati- 

ve 3 which, in turn, was prepared by 

three alternative routes. 

There are numerous synthetic approa- 

ches to the 6-azabicyclo[3.2.l]octane 

nucleus. 
12-24 However, only few synthe- 

sis of systems such as the alkaloid 

securinine," U-normorphinans, 
25 C-nor- 

benzomorphans, 

derivatives,272Pna~~i~~h:~i~r~~~~~u~z~~ 

part of a more complex polycyclic struc- 

ture, have been effected. Moreover, to 

our knowledge there are no precedents 

of the utilization of functionalized 6- 

azabicyclo[3.2.1]octanes as starting ma- 

terials for the elaboration of bridged 

polycyclic systems. 

In order to obtain the azabicyclooc- 

tanone $ we have initially tried the al- 

lylation of the lactam $ with 3,4,5-tri- 

methoxyphenethyl bromide. We have used 

a solid/liquid two phase system consis- 

tinq of pulverized KOH and THF as a soi- 

vent, together with tetrabutylammonium 

bromide, 
28 because it is well known 

I723 
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COlR 
6 

3. R=H 
4. R-Me 
5. R-Et 

I 

COlR 
n. x=H.H R= Ei 

12. x=0 R= MO 

13. X=H,H R=Ye 

that the reaction of phenethyl bromides 

with alkaline salts of lactams reouires 

drastic reaction conditions and the 

yields of the desired N-phenethyl subs- 

tituted products are usually low owinq 

to the competitive formation of styrene 

derivatives. 29 However, the dehydroha- 

logenation process was still the predo- 

minant one, and compound x was isolated 

in poor yield (cu. 10%). The N-phene- 

thy1 lactam 2 was characterized, in the 

NMR spectrum, by the chemical shift of 

C-5 (63.50) and aromatic (66.35) pro- 

tons, the former anisotropically affec- 

ted by the amide carbonyl qroun. 30 

The second nrocedure is based in the 

"lactim ether method" 31 which is a help- 

ful procedure for introducinq a nhen- 

ethyl substituent onto a lactam nitro- 

qen, although it reauires the alkyla- 

tion with a Dhenacyl moiety and further 

two steps reduction of the ketone car- 

bony1 group. The required lactim ether 

7 was obtained by the reaction of tri- 

ethylcxonium tetrafluoroborate on the 

lactam 4 followed by treatment of the 

resulting imidate salt with triethyl- 

amine.32 When an aqueous K2CC3 solution 

was used in the work-up, as it is usual 

in these reactions, 33 random vields of x 

were obtainedsince the bridaed imidate 

1 turned out to be very sensitive to 

cleavage, affordinq amino ester 2. The 

IR spectrum of ,Y( showed a stronq ab- 

sorption at 1625 cm 
-1 corresponding to 

the C=N bond. 

The treatment of 1 with 3,4,5-trime- 

thoxyphenacyl bromide give lactam keto- 

ne q in 60% yield. In the IR spectrum 

the absorptions corresponding to the 

lactam and conjugated keto carbonyl 

groups are observed overlapped in the 

1675-1695 cm-l region, whereas the most 

characteristic signals in the NM!? spec- 

trum are the doublets corresponding to 

the diastereotopic methylene protons of 

the nhenacyl chain, which resonate at 

65.15 and 64.0, with Jgem=16 Hz. Reduc- 

tion of k with NaBH4 followed by hydro- 

qenolysis of the resulting alcohol ,9, in 

acidic ethanolic solution using Pd-C 

catalyst furnished the lactam 2 in mo- 

derate yield because of the concomitant 

formation of ether @, as a by-product 

in the last step. Alcohol 2 was also 

obtained in an attempt to reduce di- 

rectly the ketone carbonyl group of t 

to a methylene qroup with Raney Nickel 

W-7.34 

A more direct and efficient synthe- 

sis of 2 involves the preparation of 

amino ester ,Q (or ,Q) and its subse- 
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quent lactamization. Thus, alkylation 

of 2 with 3,4,5_trimethoxyphenethyl bro- 

mide in the presence of NaHCO3 in aceto- 

nitrile3' gave the amino ester &$ in 

good yield. When anhydrous K2CO3 was 

used as a base and benzene-IX@ as a 

solvent, 36 the yield decreased to 56% 

due to styrene formation. Alternatively, 

the synthetically eouivalent amino es- 

ter &;! was nreoared in 40% overall yield 

by acylation of $ with 3,4,5-trimethoxv- 

phenylacetyl chloride and further dibo- 

rane reduction3' of the resultinrr amido 

ester 44. Thermal lactamization of .l& 

or 1,J gave the reauired lactam 4 in 

near quantitative yield. The progress 

of the reaction could be monitored by 

IR spectroscopy by the decrease of the 

ester carbonyl sicrnal at 1720 cm -1 and 

the appearance of a stronq absorotion 

at 1670 cm -' due to the amide carbonyl 

group. 

Finally, cvclization to the desired 

tetraqclic compound 4 was achieved by 

the Bischler-Napieralski reaction, 38 

which is the most usual aoproach to the 

tetrahydroisonuinoline system. 39.40 

Thus, treatment of lactam 2 with phos- 

phoryl chloride followed by sodium bo- 

rohydride reduction of the resulting 

iminium salt ,J_,$ led stereoselectively 

to the methanoazepino[2,1-a]isoquinoli- 

ne 4.. Its mass spectrum shows an inten- 

se peak at m/e (M-43) which is associa- 

ted with the loss of the propano bridge, 

such as it has been described for other 

6-azabicyclo[3.2.1]octane derivatives. 41 

The CI~ relationship between the hy- 

droqen atoms at C-12 and C-12a nositions 

was inferred taking into account that 

the irreversible attack of the hydride 

ion occurs from the more accessible fa- 

ce of the iminium salt ,#,* This stereo- 

chemical assianment, as well as the tin 

preferred conformation of the indolizi- 

dine moiety of 4, was confirmed by NYR 

from the chemical shift (64.45) and the 

coupling constant fJ=6 Hz) of CI2a-H 

proton. Thus, it is well known that C&S- 

and tzans-conformations of benzo[a]qui- 

;;::zfdines42 and related fused sys- 

may be distinquished from the 

chemical shift of the angular methine 

proton: the ttran6 conformers are cha- 

racterized by a downfield signal below 

63.8 whereas cih conformations show a 

resonance at a field higher than 63.8. 

On the other hand, the vicinal coupling 

constant between protons on Cl2 and 

C12a corresponds by the Karplus rela- 

tion44 to a dihedral angle (~25~) which 

is consistent with that observed from 

Driedinq models in the ci5-isomer 1,. 

The dihedral anale (~85~) in the corres- 

ponding t&an& Cl*-H/C12a-H diastereomer 

should determine a very lower couplinq 

constant. 

EXPERIMENTAL 

Gene&a&?. NYR spectra were derermined 
in CM31 

;1 
solution with a Perkin-Elmer 

R-245 ( 0 MHz1 instrument using inter- 
nal TMS (601 as a reference. IR spectra 
were taken with a Perkin-Elmer 577 spec- 
trophotometer, and only noteworthy ab- 
sorptions (reciprocal centimeters) are 
listed. Mass spectrum was obtained with 
a Hewlett-Packard 5930 A spectrometer. 
Melting points were determined with a 
Biichi capillary melting point apparatus 
and are uncorrected.Column and thin- 
layer chromatography were done by using 
silica gel 60 (Merck). Iodoplatinate 
reaqent was used to locate the reaction 
components. Microanalyses were perfor- 
med by the Instituto de QuSmica Orqdni- 
ca, Barcelona. Tetrahydrofuran was puri- 
fied and dried by distillation from 
LiAlH4. Triethylamine, benzene and ace- 
tonitrile were distilled from CaH2. Me- 
thylene chloride and chloroform were 
distilled from ~205. 

6-i3,4,5-T~imethoxo~~~e~~ac~4F!-6-azabi- 
c~e0[3.2.t] cctan-7-on4 (@). To a solu- 
tion of 6-azabicyclo[3.2.1]octan-7-one'5 

(I?@ 0.5 4, 3.9 mmol) in methylene chlo- 
ride (3 ml) was added slowly triethyl- 
oxonium tetrafluoroborate (1.51 g, 7.9 
mm011 dissolved in methylene chloride 
(7 ml). After beinq stirred at room tem- 
perature for 5 days, the solution was 
basified with triethylamine, drluted 
with ether, and filtered. Evaporation 
of filtrate gave 350 mrJ (7iaf of 7-cthc- 
xu-6-azabccIfcPo[3.2.13‘7cf-6-PnQ (71: 
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NYR 1.30 (t,3H,OCH~CH,), 1.2-2.6 (m, reaction mixture was washed with water 
9H), 3.85 (m,lH,C5-H): 4.20 (o,2~,oCH~); 
IR (NaCl) 1625 (imino ether). 

and 1N acueous HCl. The organic phase 
was dried 

A mixture of imidate ,7 (1.4 q, 9.3 
(Na S04) and evaporated to 

nive an oil w & ich was ourified bv co- 
mmol) and 3,4,5-trimethoGyohenacy1 bro- 

no1 (10 rnli was added nortionwise so- 

2.6 (m,9H), 

mide" (2.69 g, 9.3 mmol) in DMF (5 ml) 

OCH3), 

was kept at 6O'C for 24 h. After coo- 

dium borohydride (490 mq, 13 mmol). Af- 

3.8 (m,lH,C5-H)," 3.9 (s,9H, 

ling, 

4.0 and 5.15 (2d,lH each, 

the solvent was evaporated and 

J 

the residue was dissolved in benzene 

gem= 

(50 ml). 

16 Hz,NCH ), 

The resultinq solution was 
washed successively with 5% aoueous so- 

7.30 (s,ZH,ArH); IR 

dium hydroxide and water. The benzene 

(CHC13) 1$75-1695 (arylketone, 

extracts were dried (Na2S04) and evapo- 
rated, and the residue was chromatoqra- 

lactam) . 

phed on silica gel (elution with 20% 
benzene in chloroform) to qive 1.85 c 
(60% yield) of keto lactam 8; NMR 1.3- 

(Found: C, 64.85: H, 6.95: N, 4.45. 
;al;d;;pr C18H23N05: C, 64.84: H, 6.95: 
,. . 

6-['Z-l3,4,5-Tcimethoxuphenyt)-Z-hy- 
d~axyethy~]-6-azabic~c~o[3.Z.I]oc~an- 
7-one (q). To a stirred, ice-cooled so- 
lution of 8 (1.5 a, 4.4 mm011 in etha- 

lumn chromatoqraphy on-silica gei. Elu- 

cue to qive a residue which was dissol- 

tion with chloroform afforded 3.42 g 
(55% yield) of amido ester &$. An ana- 

ved in methylene chloride and washed 

lytical samnle was obtained by evapora- 
tive bulb-to-bulb distillation (b.p. 
220-240°C/0.05 mm Hg)and solidified 
(m.o.98-100°C) on standing; NMR 1.0-3.0 

Methue 3-(3,4,5-Tfiimethoxyphenethye- 

(m.llH), 3.40 (s,2H,CH2Ar), 3.58 (s,3H. 
CD2CH3), 
ArH); 

aminolcuceohexanecacboxyeate 

3.74 (s,9H,OCH3), 6.35 (s,2H, 

(4 ). A 

IR (CHCl ) 3460 (amide), 1730 

solution of the amido ester k$ 

(ester), 1660 Tanide) 

? 

. (Found: C, 62.40; 

317 mg, 

H. 7.48: N, 3.86. Calcd.for C1gH27N06: 
C, 62.45: H, 7.45: N, 3.83). 

0.86 mmol) in 5 ml of THF was slowly 
added to 2.75 ml (3 mmol) of 1M borane 
in THF while stirring under nitrogen 
in an ice bath. The mixture was reflu- 
xed for 3 h, then cooled again in an 
ice bath and treated with ether satura- 
ted with HCl gas until effervescence 
ceased. The solvent was removed in va- 

ter stirring at room temperature over- 
night, thesolvent was removed. Nater 

with aaueous K2CO3 solution. After 
drying, the filtrate was evaporated to 

was added to the residue, and the give amino ester 4 (210 mg, 70% yield). 
aoueous mixture was extracted with ben- An analytical z samp e was obtained by 
zene. The benzene solution was washed column chromatography on silica gel 
with water, dried (K Cn3), 

2 
and evapo- using chloroform/methanol (9:l) as the 

rated to leave 9 (95 mn. 65% vield): eluent: NMR l-O-3.5 (m.lSH). 3.58 (s. 
NMR 1.0-2.5 (m,%H), 2.8-3.3 (m;2H,NCH2), 
3.4-4-O (m,ZH,OH and CK-H), 3.9 (s.9H. 

3H,CO CH3), 
2H.Ar ): ii 

3.74 (s,9H;OCH& 6.35'(s, 
IR (CHCl,) 1720 (ester). The 

OCH ), 
? 

4.8 (m,lH,CHOH): 6.6 (s,ZH,ArH): oxalate melted at=178-180'C (ether- 
IR NaCl) 3370 (alcohol), 1670 (lac- acetone). (Found: C, 56.75: H, 6.96: 
tam). (Found: C, 63.27: H, 7.59; N, N, 3.21. Calcd.for C,.H,.NO,: C. 57.13: 

H; 7.07; N, 3.17). 
‘1 ,)I Y 

63.32: H, 7.58: Nf84??O). 
4.40. Calcd.for C H N05.1/3H20: C, 

form) to give 770 mg (83%) of amino 
ester 1%; NMR 1.20 (t,3H,0CH2CH3), 1.4- 

Ethyl 3-(3,4,5-T&imethoxyphenethye- 
amiflo)cuceohexanecaRboxueate (,Q). A 
mixture of 3,4,5-trimethoxyphenethyl 

3.2 (m.lSH). 

bromide*' (707 mg, 2.57 mmol), ethyl 

3.8 (s.9H.OCH>). 4.05 (o. 

3-aminocyclohexanecarboxylate" (2, 
441 mg, 2.57 mmol), sodium bicarbonate 
(894 mg) and acetonitrile (1.6 ml) was 
refluxed with vigorous stirring for 
24 h. The mixture was diluted with wa- 
ter and extracted with methylene chlo- 
ride. The organic extracts were dried 
(Na2S04) and evaporated, and the resi- 
due was chromatographed on silica gel 
(elution with 2% methanol in chloro- 

6-(3 4,5-TflimetkoxyphenethyQI-6-ala- 
bicyceot3.2.1] octan-7-one (2). 

Method A: From Q. A solution of 3,4, 
5-trimethoxvohenethvl bromide*' (1.09 q, 
4 mmol) and-6-azabicyclo[3.2.1]octan-71 
one*' (6, 0.5 a, 4 mmol) in THF (2 ml) 
was added over 45 min to a suspension 
of pulverized KOH (0.25 g, 4.47 mmol) 

thylene chloride and water. The organic 

and tetrabutylarmnonium bromide (0.26 g, 

phase was washed with saturated aqueous 

0.81 mmol) in 4 ml of THF at room tem- 
perature. After completion of the addi- 

NaCl and dried. 

tion, the reaction mixture was stirred 

Removal of the solvent 

for 6 h. The precipitate was filtered 
off and the filtrate was evaporated to 
leave an oil, to which was added me- 

2H,OCH2), 6.4 (s,ZH;ArH); ?R.(CHC13) 
3540 (amine), 1720 (ester). The oxalate 
nelted at 169-170°C (ethanol). (Found: 
C, 57.72; H, 7.64; N, 3.09. Calcd.for 

C22H33N09: C, 58.00; H, 7.30; N, 3.07). 

Methue 3-l3.4,5-T~ime~haxunhen~~ace- 
Xamidolcuc~ohexaneca~boxu~a~f (12). To 
a solution of methyl 3-aminocyc'r&hexa- 
necarboxylateLg (4, 3.12 q, 19.8 mmol) 
and triethylamine'ti(2.01 o, 19.8 mmol) 
in chloroform (50 ml) was siowly added 
a solution of 3,4,5-trimethoxvohenyl- 
acetyl chloride" (4.16 a, 17 mmol) in 
chloroform (15 ml). After beinq stirred 
overniqht at room temperature, the 

under reduced nressure left an oil which 
was chromatoqraphed on silica gel (chlo- 
roform as eluent) to qive 151 mg (12%) 
of 2: b.o. 200-210°C/0.3 mm Ha: NMR 
1.12j.2 '(m,l3H), 3.50 (m,lH,C;:H), 3.75 
(s,9H,OCH,), 6.35 (s,2H,ArH); IR (CHCl,) 
1670 (laceam). (Found: C, 67.57: H, _I 
7.95: N, 4.02. Calcd.f;r3;f8H25N04: 
C, 67.69: H, 7.89: N, . . 

Uethod 8: From 2. A solution of al- 
cohol 2 (1.33 g, 3.96 mmol) in ethanol 
(50 ml) containing 70% aqueous HC104 
(0.46 ml) was hydrogenated over 10% Pd- 
C (930 mg) at 5 at and 2S°C for 20 h. 
The catalyst was removed by filtration 
and washed with ethanol. The filtrate 
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and washings were combined and evapora- 
ted to leave a jelly. The residue was 
partitioned by extraction with a mixtu- 
re of chloroform and water. The chloro- 
form extracts were washed successively 
with 5% aaueous NaOH and water, dried, 
and evaporated to furnish an oil which 
was chromatographed on silica gel. Elu- 
tion with chloroform aave 756 ma (609 
yield) of lactam x, whereas eluflon 
with chloroform-methanol (98:2) furnl- 
shed 287 mg (20% yield) of 6-[Z-(3,4,5- 
thimethoxyphenyel-Z-e-thoxye.thufJ-6-aza- 
bicyc!o[3.2.I]octan-7-one (&, ); 

& 
NW? 1.2- 

2.5 (m,9Hl, 1.2 (t,3H,CH3), .O-3.5 (m, 
5H,0CH2,CHN and CH2N), 3.8 (s,9H,DCH31, 
4.3 (m,lH,CHOEt), 6.5 (s,2H,ArHl; IR 
(NaCll 1680 (lactaml. (Found: C. 66.07: 
H, 8.69; N, 4.16. Calcd.for C20H2gN05: 
C, 66.09; H, 8.04; N, 3.85). 

:~~~~1"~~8s'rn~:s.~~~~~)~~~ ~~:~d'~; 
(17 mm Ha) for 8 h. The resultinq 

oily residue was essentially pure lac-- 
tam 2. A similar result was obtained 
from amino ester u. 

(%R~,12S*,12aR*)-1,2,3-T~imethoxy-5, 
6,8,9,10,f1,12,12a-octahyd~o-8,fZ-metha- 
noazepino [Z, I -a] LboquinofYine (&I . To a 
solution of 340 mq (1.06 mm011 of lac- 
tam & in 10 ml of-toluene was added 
0.5 ml of freshly distilled phosphoryl 
chloride. After 2 h at reflux, the reac- 
tion mixture was evaporated, and metha- 
nol (20 ml) and sodium borohydrlde 
(420 mg, 11.1 mm011 was added. After 
being stirred for 2.5 h at room tempe- 
rature, the solvent was removed and the 
residue distributed between ether and 
water. The ethereal layer was separated, 
dried and evaporated to leave an 011 
which was chromatographed on silica gel 
(10% methanol in chloroform) to yield 
248 mg (76%) of ,&: NMR 1.4-3.3 (m,14Hl, 
3.75 (s,9H,QCH3), 4.45 (d,J=6 Hz,lH, 

C12a-H)' 6.3 (s,lH,Aral; MS, m/e (rela- 
tive intensity) 303(M ,101, 302(201, 
260(51. 248(91. 221(111. 220(111. 184 
(231, i81(15);170(20);141~341;~124 
(100) , 109(371, 81(46). The oxalate mel- 
ted at 166-168OC (acetone-ether). 
(Found: C, 61.14; H, 6.90; N, 3.40. 
;l;";f;r C20H27N07: C, 61.05; H, 6.91; 

, . . 
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