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8. The Synthesis of Spiro[tetrahydroisoquinoline-piperidines] 
and related compounds 

by Daniel Berney and Theodor Jauner 
Research Institute Wander Ltd., a Sandoz Research Unit, Bcrne, Switzerland 

(25. X. 74) 

Summary. Thc reaction of 3,4-dirnethoxyphenethylamine with some cyclic arninoketoncs i n  
the presence o f  polyyhcisphoric acid afforded l-spiro-tetr,2€iydroisoquinolines. A two-stcp proccdurc 
starting from veratrylaniino and amino-ketones gnvc 3-spiro-tetrahydroisoquinolin-4-ones. The 
Schmidt rearrangcrnent of 5,6-dimethoxy-3-spiro-iri~~n-I-oncs yjcldcd 4-spiro-tetrahyclroiso- 
quinolin-l-ones. 

I - S P i r o - t e t r r c ~ ~ d r a i s o q ~ ~ ~ o z ~ ~ e . ~ .  In contrast to aldehydes, ketones do not easily 
react with yhenylethylamines to yield tetraliydroisoquinolines. The literature indi- 
cates that attempts to  condense cyclic ketones with 3,4-alkoxy-plienetliylami1ics in 
strongly acidic media werc largely unsucccssful [l:] [ Z l .  BelZeaG [3] suggested that 
plienylacetamides might be more reactivc: than phencthylarnines, and he success- 
fully condensed cyclopentanone with 3,4-di1nethoxyphenylacetainide to the corres- 
ponding l-spiro-tetraliydroisoquinolin-3-one. Crwzdwell [4] described similar results 
with 4-piperidones. We wish to report a few examplcs of condensations between 
3,4-dimethoxypliencthylarnine (1) and amino-ketones in the prescnce of polyphos- 
phoric acid (PPA), leading to  tetraliydroisoquinolines. It is worth noting that such 
cyclization occurred only when the phencthylamine was first mixed with the amino- 
ketone, thus forming the intermediate iminc, PPA was then added and the mixturc 
heated to achieve cyclization. 

When 3,4-dimethoxyphencthylamine (1) was allowed to react with N-methyl-4- 
piperidone (2) and was then thoroughly mixed with PPA, spiro compound 3 was 
obtained in 46% yicld. Similarly the spiro products 4, 5, 6 and the 1,l-disubstituted 
compound 7 were prepared by treating 1 with the corresponding arnino-ketones 8, 
9, 10 and 11. 

3-Spiro-tetrah.ydroisoquinoEines. Recently liarcourt 8r Waigh 151 reported a sirriplc 
procedure for synthetising 3,3-disubstituted tetraliydroisoquinolin-4-ones. We havc 
found this niethod to be successful for the synthesis of 3-spiro-tetraliydroisoquinolin- 
+ones as well for 3,3-disubstituted tetrahydroisc?quinolin-4-ones, where one of the 
substituents contained a nitrogen atom. When 3,4-dimcthoxyhenzylamine1~yIamine 12 was 
treated with the arriino-ketone 2 in the presence of KCN and HCl, the intermediate 
13 was formed, which cyclised when Irlixed with c,onc. HISO*. On hydrolysis thr. 
spiro product 14 was obtained. Similar results were recorded when the same bunnyl- 
aniine 12 was treated with amino-ketones 8, 9,  10, 11, 15 or 16 thus yielding 17, 18, 
19, 20, 21 and 22, respectively. 'l'he cyclic aroniatic ketone 14 was reduced with 
sodium borohydridc to the alcohol 23 which was dehydrated with PYA to the di- 
hydroisoquinoline 24 ; no Wugner-Meerweirt rearrangement was observed. Thc sodium 
borohydride reduction of 24 gave the tetraliydroisnquinoline 25. 
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4-Spiro-tetralzydroisopzcinolines. The synthesis of several 3-spiro-5, (i-dirnetlioxy- 
indan-1-ones with a nitrogen-containing cycle has been reported previously [GI. 
These compounds on treatment with sodium azide in con(-. H,SO,, followcd by 
Red-all) reduction of the intermediate lactams, p a w  4-spiro-trtrahydroisoquinnline~. 
Indanones 26 and 27 subjected to the Schmidt rcaction yielded lactams 28 and 29 
which were reduced to the ~etrahydroisoquinolines 30 and 31. NMR. spectra of 

l) 70% solution of sodium-bis(2-methoxyethoxy)-aluminum hydride in benzellc (Alrlrich), 
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23  - 24 - 

25 - 
compounds 28 and 29 showed a coupling hetwccn tlic NH and the CH,N protons, 
which clearly indicated that the Schmidt reaction had given the isoquinoline rather 
than the quinoline-type of products. 

26 28 30 

27 29 

Experimental Part 

31 

General. NMR. spectra were taken a t  60 MIIz with t e t r a m ~ , t ~ i y l s i l ~ n ~  as an internal standard, 
using a Varian T-60 high resolution NMK. spectrornctt:r. I n  the casc of salts, a wnplc of the Ircc 
base was prepared and used in CDCl,. Abbreviations: s = singlet, d = doublct, t = triplet, 
wa = multiplct; cheinical shifts in 8-valucs (ppm). Analytical rcsults obtained for the indicated 
elcments were within & 0.4% of the theorctical values. 
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6,7-Dimethoxy-l ' -methyl  - s p i ~ o [ 7 , 2 , 3 , 4 - t e t r a ~ ~ ~ d r o i s o q u a n o l i n s - ~ ,  4'-piperidine] (3)  dihydro- 
chloride. In a conical flask, 18.1 g (0.1 mol) ~-(3,4-dinlethoxyphcnyl)ethylamine (1) and 13.6 g 
(0.12 mol) N-methyl-4-piperidone were mixcd and hcated at  80" lor 15 min, 350 g of polyphosphoric 
acid (Fluka) were then added. The Inixturc was thoroughly stirred by hand and heated a t  130" 
for 20 miti. The dark viscous solution was poured into water, icc was addcd, and the solution made 
alkaline with a 30% NaOH solution. The product was extracted with CHC1, and the extract was 
washed twice with water, dricd over NA,~SO, and cvaporated. The residual oil was dissolved in 
a small amount of abs. ethanol and treatcd with an HCJ gas/c:thcr solution to yicld, after rccrystal- 
lisation from alcohollethcr, 16.1 g (460/,) of 3, n ~ p .  310" (dec.). Known compound, m.p. not 
reported [7] .  - NMR. (CDCI,): 6.6; (s, IH, arom); 6.9 (s, 1H,  arom); 3.9 (s, 6 H, 2 OCH,): 2.4 
(s, 3 H, NCH,). - C,BH2,C1,N2: C, H, N. 

The following compounds wcrc similarly prepared : 
I'-Bewyl-G, 7-dimcthoxy-spiro[lt 2,3 ,4- le l r~chydroisoq~i~ul~~ze- l ,  4'-pi$eridine] (4) dihydrochlo- 

rids. ~-(3,4-~irnethoxyphenyl)e~l~ylaminc (1) 18.1 g (0.1 irlol), N-benzyl-4-piperidone (8) 22.7 fi 
(0.12 mol), PPA 350 g. Yield 39.2 g of 4 (45q/,), 1ii.11. 298-304" (dcc.). Known compound, m.p. so t  
reported [7j. - C,&&12N202; C, H, N. 

l '-Renzyl-6,7-dimetkoxy-spiro~~,2,3,4-tetrahydro~soqu~noline-l,~-pi$eridinE] (5)  dih.ydrochlo- 
ride. ~-(3,4-l)i1netl~oxyphcnyl)etI~yl~minc (1) 18.1 g (0.1 inol), N-benzyl-3-piperidonc (9) 22.7 g 
(0.12 mol), P'PA 350 g. Yicld 18.9 g (44.50/:) of 5, m.p. 229-235" (dec.). - N M R .  (CDCI,): 7.2 
( 5 ,  5 H, phenyl); 6.75 (s, 1H,  aroni); 6.55 (s, lH, arom); 3.8 (s, 3 M, OCH,); 3.75 (s, 3 H, OCH,); 
3.7 and 3.4 ( d x d ,  J = 14 11z. PhCH,N). - C,,H,,Cl,N,O,; C, H, N. 

6,7-Damethoxy-spiro[?, 2,3,4-t~lra~~y~roisoquinoliize-7, d'-qui.nuclirEim] (6) dihydrachlaride. 
~-(3,4-Diniethoxyphcnyl)cthylamine (1) 18.1 g (0.1 mol), 3-quirluclidinone (10) 15.0 g (0.12 mol), 
PPA 350 g. Yield 1.8 g (41.5%), m.p. 250-276" (dcc.). . I  NMR. (CDC1,): 6.95 (s, lH, arom); 6.65 
(s, IH, arom); 3.90 (5 ,  3 H, OCH,); 3.95 (5, 3 H, OCH,). - C,~lI,,Cl,N,OB: C, H, N. 

6, 7-Dinzethoxyvy-l-(N. N-dimethylaminom~thyl)-l~met~yl-l, 2,3,4-tet~alcydroisoquinoline (7) di- 
hydrochloride. ~-(3,4-l)imethoxyphcny~)ethy~dniinc (1) 18.1 g (0.1 inol), N, N-dimethylamino- 
acctone 12.1 g (0.12 rnol), P P X  350 g. Yield 14.5 g (44%), n1.p. 210-225" (dec). - NMR. (CDCl,) : 
6.85 (s, 111, arorri); 6.55 (s, 111, aroni); 3.90 (s, 6 H, OCH,); 2.80 (nz, 4 II, CH,CH2); 2.45 (s, 2 H, 
CCH2N); 2.10 (s, 6 H, N(CHS)p); 1.25 (s, 3 H, CJT,). - C,,H,,CI,N,O,: C, H, N. 

1 5 , 7 - U i m s t h o x ~ i - 7 ' - m e ~ ~ y l - ~ ~ ~ r ~ ~ ~ ,  2,3, ~-tetrahydroisoquino~~ns-l, I ' - p i p e r i d i ~ - C o n e  (14). In a 
conical flask, 16.7 g (0.1 mol) veratrylaminc (12) and 13.6 g (0.12 s o l )  N-methyl-4-pipcridone (2) 
werc added to 200 1111 1~ HCl with stirring. A solution of 10 g KCN in 50 nd H,O was thcn added. 
Thc mixture was stirred ovcrnight a t  room tcmpcrature and for 2 h at 60". and was then cxtracted 
with CHCI,. The organic layer was washcd with HZO, dried and evaporated. The residual oil ur 
crystalline mass, dissvlvcd in 200 nil CHCl,, was added slowly t o  200 1x11 of concentrated tI,SO, 
contained in a .500-nil-flask equipped with a reflux condenscr and magnetic stirrer. The tcmpera- 
ture rose to the boiling point of CHCI, and was rnaintaincd at that temperature for a further 
15 min. The rcd solution was then cooled and poured into icc. Aiter bcing made alkaline with a 
30% NaOH solution, the mixture was then extracted with CIICI,, and thc chloroform extract was 
washed with watcr, dried ant1 evaporated to  dryness. Compound 14 was recrystalliscd from 
CHCl,/ether, yielding 24 g (82.5%), m.p. 170-174". - NMR. (CLIC1,): 7.55 (s, I H ,  arom); 6.65 
(s,lH,arcim);4.15(s,21-I,benzylic);4.0(s,3H,OCHB);3.95(s,3H,OCH,);2,3(s,3H, NCH,).- 
C,,H,,N,O,: C, H, N. 

A similar procedure was used for thc following compounds. 
I'-Ben~y1-6,7-dirncthoxy-s~aro[I, 2,3,8-tatrahydroisoquinoline-3,4'-pipev~d~nJ-4-one (17). Ver- 

atrylamine 16.7 g (0.1 mol), N-benzyl-4-piperidonc 18.9 g (0*1 mol), 200 ml I N  HCI and 10 g KCN 
in 50 rnl H,O were rnixcd together. Ethanol was then added in order to Bccp the amines in snlution. 
Thc intermediate product was trcated with conc. H,SO, yielding 21 g (57%) of 17, in ,p  180-181". .. 
NMR (CDC1,) : 7.55 (s, 1 H, arom) ; 7.35 (s, 5 H, phenyl) ; 6.55 (s, I H, nrorn) ; 4.05 (s, 2 El, benzylic) : 
3.90 (s, 6 H, 2 OCII,) ; 3.60 (s, 2 H, benzylic). - C22H,,N,Oa : C ,  11. N. 

I'-Benzyl-6,7-dimsthoxy-spiro[l, 2,3,4-le~rah~~droisoquilzolin~3,3'-~iperidin]-Cone (18). Ver- 
atrylamine 16.7 g (0.1 rnol) with 22.5 g (0.1 mol) N-bcnzyl-3-piperidone hydrochloride, 0.5 N HC1 
200 ml and 10 g KCN in 50 ml IX20 were mixed, ethanol being added until the solution was clear. 
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Tlie intcrrriediate product was treated with 200 nil of ctmc. II,S04. Sincc the residual oil did not 
crystallise, thc dihydrochloride was prepared by dissolving Lhc rcsidue in a small amount of abs. 
ethanol and adding a solution of HCI gas in ethyr. Corripouncl 18 was rccrystallised from alcohol/ 
ether. Yield 18.2 g (49.5%), m.p. 174-177'.. - NMK. (TT)CI , ) :  7.55 ( s ,  11-1, arom); 7.35 (s, 5 TI, 
phenyl); 6.65 (s, 1H,  arom) ; 4.05 (s, 2 H, bcnzylic) ; 3.30 (.s, G H ,  2 (:)(.:H3) ; 3.55 (s, 2 11, benzylic) ; 
2.9 and 2.4 ( d x d ,  J = 12 Hz, 2 H, CCH,K). .- C2ZH,,ClzN,(.),: C. 11, N. 

6,7-Dime~hoxy-.~~iro[l,2,3,4-tetrahydroisopuino~ine-,~,3'-y~~in~~r~zd1r2]-/1-onc (19) .  Vcmtryl- 
aminc 16.7 g (0.1 rnol), 3-quinuclidone hydrochlorjdc 16.2 g (0.1 mol), 0 . 5 ~  HCI 200 ml and 10 g 
KCN dissvlvcd in 50 ml H,O were Inixcd togcther. Ethanol was atldcd until the solution was clcrtr 
and the intermediate product was thcn treated with conc. 11,SO, Jricltling 19.2 g (65.5%), n1.p. 
190-195". - NMR. (CDCI,): 7.6 (s. l H ,  arom); 4.5 a n d  3.85 (t-l x d, ,J = X Hz, 2 H, RrCI1,N): 3.95 
( s ,  6 H, 2 OCH,). - C17H,,N,03: C, H, N. 

6,7-Dimethoxy-3-(N.N-dimethyl-clmninomethyl) -3-mathyl- 1,2,3,ktetral~yrlroisoquLnolin-~d~o1~e (20). 
Veratrylaminc 16.7 g (0.1 mol), N, N-dimotliylatninoacctorle 10.1 g (0.1 mol), 200 nil 1N lICl and  
10 g KCN in 50 rnl H,O were mixed together. Ethanol W:LS then added until the solution WBS 

clear. The internierliatcproduct was treatcd with conc. H,SV, to yield 15.3 g (55'jd), n1.p. 105 -108" 
(dec.). - NMR. (CUCl,) : 7.6 (s, 1 H, aroin) ; 6.7 (s, 111, ai-om) ; 4.4 and 5.0 (d x d,  .I = 18 Hz, 2 H ,  
ArCHaN) ; 4.0 (s, 1 H, OCH,) ; 3.99 (s, 1 H ,  OCH,) ; 3.25 and 2.35 (d  x d ,  ,J = 14 Hz, 2 H ,  CC11,N) ; 

6,  ?-Dimethoxy-3-methyl-3-( piperidilzoethyl) -1,2,3,4-tetrrchydroisoyuinolilz-4-one (21) dihydro- 
chloride h y d r a t ~ .  Veratrylamine 16.7 g (0.1 rnol), 4-I)iperitlino-2-liutanone hydrochloride 19.3 fi 
(0.1 mol), 0 . 5 ~  HC1 200 ml and 10 g ICCN in SO in1 H,U WPTC inixed together. Ethanol was then 
added until the solution was clear. Thc intermcdiatc was treated with conc. H,SC),, and t h e  irec 
base of 21 was converted to thc dihydrochloride as for compound 18. Recrystallisation froin 
H,O/ethanol/cther yielded the dihydrochloridc hydrate, 19.5 g (45.5 %), m.y. 205-208". - NMR. 
(CDCI,) : 7.6 (s, 1 H, arom); 6.65 (s, 1 H, arom) ; 4.1 (broad s, 2 H .  ArCH,N) ; 3.95 (s, G H,  2 OCH,) ; 

(22) 
dihydrockloridc hydrate. Veratrylamine 16.7 g (0.1 mol), 5-dielhylamino-Z-pentano1~~ 15.7 g 
(0.1 niol). IN HCl 200 ml and 10 g KCN in 50 ml 11,O wcre mixed together. EthanoI was then 
added until thc solution was clear. Thc intermediate was treated with conc. H,SO,. Thc  Irce basc 
obtained after working up  was converted to the tlihydrochloridc hydrate as that of compound 21 
yiclding 19 g (44.5%), m.p. 195-215" (dec.). - NMH. (Cl)Cl,): 7.6 (s, l H ,  arom): 6.65 (s, J 11, 
arom); 4.1 (s, 2 H, ArCH,N): 3.96 (s, 3 H, OCH,); 3.95 (s, 3 11, OC11,); 1.3 (s, 3 H, CH,); 1.0 

6,7-Dimethoxy-l '-metliyl-spiro[l, 2.3,4-tetrahydroisoqui~nolinE-3,4'-fiiperidin]-4-ol (23) dzli.ydro- 
chloride. A solution of 2.92 g (0.01 mol) of kctotie 14 in 50 rrrl melhanol maintained at 10' ant1 
1.5 g NaBH, was addcd OVCK a period of 15 min. When thc reduction was complete 300 ml H,O 
was added and the product was extractcd with several portions of C,H,Cl,. Thc organic layers were 
combined and washed with H20, dried and evaporated to dryncss. The residue was dissolved in 
a small amount of abs. ethanol and an ethercal solution 01 HCI gas was added. Rccrystallisaiion 
from ethanol/ether afforded 2.7 g (80.5% of 23, n1.p. 225" (dcc.). - NMR. (CDCI,): 6.9 (s, l H ,  
arom); 6.5 (s, 1H. arom); 4.05 (.?, l H ,  ArCH-0); 3.90 (s, 3 H, OCH,); 3.85 (s, 3 H ,  OCH,); 3.8 
(s, 2 H, ArCH,N); 2.95 (s, 3 H, CH,). - NC,,H,,C:I,N,O,: C, 11, N. 

6,7-Dimethoxy-l '-~ethyl-s~iro~3,4-di~ydroisoqui~oline-3,  (I'-p~paridine] (24) dihydrochloride. 111 
a conical flask 2.9 g (0.01 mol) of 23 free basc, werc thoroughly mixcd with 30 g of PPA and heatcd 
to 100" until the orange rnixturc changed to a fluorescent grccmycllow color. I t  was then yourcrl 
into water, ice was added, and the resulting solution was made strongly alkaline. The product 
was extracted with CHCI,. The organic laycr was washed with watcr, dried and evaporated to 
dryness. The dihydrochloride was preparcd in the same manner as that of 23. Recrystallisation 
from ethanol/cther yielded 2.1 g (60.5%) of 24 as a yellow crystalline powder, m.p. 240') (dcc.). - 
NMR. (CDCl,): 8.3; 6.9 and 6.7 (3 s, 3 H, arom and -Cl<=N-); 3.95 (s, 3 H, UCH,); 2.65 (s, 2 H,  
ArCH,); 2.35 (s, 3 H, NCH,). - ~~Hs,Cl,N,O,: C, H, N. 

2.25 (3, 6 H. -N(CH,),) 1.25 (s, 3 H, CH,). I -  C15i122N20S: C. H, N. 

1.3 (s. 3 H, CHJ. - CLgH,,CI,N,O,: C, H, N. 

3 ( N ,  Ilr-D~ietl~ylamino-propyl)-6, 7-dimethuxy-3-mcthyl- I ,  2,3,3-lctrahyrlroiso¶uinolin-4-one 

(t. J =i 8 Hz, 6 H, CH, ethyl). - C&84C1~N,0~: C ,  H, K. 
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6 , 7 - 1 1 i r r ~ ~ l h o x ~ / - l  '-mclhyl-~piro17,2,3, 4-lst.vnhydroi.soq?cinolrne-~, I'-fiiperidine] (25) dihydrochlo- 
ride.  When 2.74 g (0.01 mol) of 24, free base, was rctluc,cd with NaBH, by a procedure similar to  
that  used for reduction 01 14 t o  23, 2.6 g (74.5'x) of the tctrahydroisoquinoline 25 dihydrochloride 
were obtained, m.p. 260-2156" (clcc.). NMK ( ( : , X I , )  : 0.55 (s, 1 H, arom) ; 6.5 (s, 1 H, arom) ; 3.85 
(s, 2 H, ArCH,N) ; 3.8 (s,6 JJ, 2 OCH,) : 2 - 5 5  (s, 2 €1, hrCI1,C) ; 2.25 (5, 3 H, NCH,). - C,,H2,CI,N,O,: 
r, €1, N. 

6,7-~imethoxy-l'-nzet~yyl-spiro[l, 2,3, J-letrah,ydrcizsngztinoliu~c-4,4'-pi~eridinj-l-one (28). The 
jndanone 26, 3.1 g (0.01 mol) was added to  50 nil conc. H,SO,. The solution was then hcatetl t o  
60" and 3 g sodiu~ri azide was added in small portions ovcr a pcriocl of 30 min. After a further 15 
niin hcating, the solution was poured on ice, rriadc alkaline with a 30% NaOH solution and ex- 
tracted with chlorofoi-rn. The organic layer was washed with watcr, drictl and evaporatctl to 
dryncss. The rcsitlric was rccrystalliscd from clilorofurm/etlicr yielding 2.3 g (790/,) of the. lactam 
28. m,p. 200-208". - NMK. (C,J3Cl,): 7.7 (s, l H ,  arom); 7.05 (broad signal, l H ,  N H ) ;  7.0 (s, 1 H, 
arom); 3.95 (s, 6 €1, OCII,); 3.55 (broad signal which colapses tn a singlet after deuterium cx- 
change, 2 H, NCII,). - C1uHz'LNeOs: C, H, N. 

6, 7-L)imelhoxy-spir(J[II 2,  .~,4-tetrahydroisoqu~noli.ne-l, $-guintdidin]-l -one (29). The procedure 
was similar t o  that  used lor the preparation ol 28. Spiro-indanonc hydrochloritle 27 3.23 g (0.01 
mol), 50 ml conc. Il,SO, and 3 g NaN, were usrd, yiclding 2.7 g (90%) of the lactani 29, m.p. 

6,7 - Damethoxy -1 ' -  methyl ~ spiro[1,2,  3,4-tetrahydroi.soquir~oline~4, &-piperidinel (30) dih.@v- 
chloride. The lactam 28 2.9 g (0.01 mol) was suspcndcd in 40 nil of dried tlimcthoxyethane, 6 ml of 
Xed-al werc addctl, ant1 the mixture was rcfluxcd foi- 6 h.  After cooling, water was added drop- 
wise until nn  niore reaction occurred. Chloroform was atlclcd and the suspension filtered, washed 
with water, dried and evaporated to dryness. The dihydrochloride was prepared and recrystallised 
as for the dihydrochloride of 3, yicltling 1.9 g of 30 (54"/,), m.p. 215-230" (dcc.). - NMK (CI)Cl,): 
7,0 (s, IH,  arom); 6.5 (s, 111, aroni); 3.95 (5, 2 H, hrCH,N); 3.85 (s, 6 H, 2 OCH,); 3.05 (s, 2 H ,  
CCH,N); 2.35 (s, 3 €-I, NCJI,). . C&2uCl&02: C, €1, N. 

6,7-Dimstho~~v-s~iro[1 ,2 ,3 ,  4-telruhydroisoqzrzn~nl~~e-4, $-quinuclidine] (31) dihydrochloride . 
Similar conditions a s  thosc fur rcduction of 28. Lactarn 29 2.9 g (0.01 mol), dimethoxycthanc 
40 ml, Red-a1 3 nil, yicltling 1.8 g o f  31 tfihydrochloridc (50'y0), 111.p. 230" (dec.). - NMR. (CDCI,) : 
7.0(.~,1H,arorn);6.6(s,lll ,arom);4.1 (s ,2H,  ArCI12N);3.90 (s,311,CICH,);3.R5(~,3H, OCH,); 
3.4 and 2.7 ( d x  t i ,  J = 14 Hz, 2 H, C:CH,N). - C1,€12uCI,N20,: C, 11, N. 

232-234". - C171-122N2C)3: C, H, N. 
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