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SUMMARY 

1-~3,4-@imethoxybenzyl)-6,7-dimethoqjisoquinoline (papaver- 

i ne )  labeled with 14C i n  e i ther  the benzyt o r  4-carbon pos i t ion  
s.Z 1 - (3,4-dimethoxyphenyll 6,?-dimetho~isoquinotine (quino- 
paviwe) labeled w i t h  l 4 C  a t  the  1,4 or 4-mthoqjphenyl posit ion 
were synthesized. The 3,I-dimethoxybenzoic ac id -carbo~y l -~~C. ( I l  

X P  emlii:io.! ns the precursor i n  the synthesis o f , a l l  tile above 

cumpounds except the 4-methoxyphenyl labeled where 3-methoxy- 
4-14C-metho~benzoic acid was employed (XI I )  . 
of 3,4-dinethoxybenzoyZchloride 14C (VIIl  led t o  the fornation 

of 3,4-3 ' imetho~ybmzaldehyde-carbonyZ-~~C (VI I I )  f r o m  which 
2-(3,4-dimeth~xypheny1)-2-metho~yethylamine-2-~~C (XI)  was 
obtained through reduction o f  the corresponding 14C-labeZed 

substi tuted nitrostyrene IIX! . 3,4-Dimethoxybenzoic acid- 

r m b o ~ y l - ~ ~ C  (1) was employed in the synthesis of (3,4-di- 
.meth~.ryyhei~ll-acetonitrile-Z-l~C (IVl from uhich a )  2-(3,4- 

climethoxypheiyl)-ethylarnine-2-14C IVI) was obtained on reduc- 

t ion  and bi 
olkaline hydrolysis. 

The reduction 

(3.4-climethozyyphenyli-acetic a ~ i d - Z - ' ~ C  ( V )  on 
On heating together a t  200' C the 
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corresponding acids and amines i n  the absence as well  as in 

the presence of decaline ( so l ven t ) ,  or by a Schotten-Bamann 
reaction, the corresponding amines oere obtnined and then 
cyclized i s  the presence of phosphorus oxychloride. 
dihydro-products were dehpdrogenated i n  the presence of pal?a- 
dim-pwrrice uhic.4 acted as a ca ta lys t .  

(3,4-dirnethox~cypheny1-2-methoxyethyl-Z-'~C) 3,4-dimethoqphenyl- 
acetamide ( X V I )  gave s t ra ightmay the corresponding 14C-mctrked 
papaverine. 

The 3,4- 

The cyc l i za t ion  0.f ?/- 
," 

I n t r o d u c t i o n  : 

Although 1-( 3,4-dimthoxybenzyl)-6,7-dimthoxylsoquinol i n e  (papa- 
ve r lne ) ,  l-(3.4-dlmethoxyphenyl)-6.7-dimethoxyisoquinoline (quinopa- 
v ine )  and t h e i r  d e r i v a t i v e s  a re  w i d e l y  Lised !n r!edlcinP, l i t t l e  use- 
f u l  i n fo rma t ion  e x i s t s  on the  mode o f  ac t i on .  d i s t r i b u t i o n ,  and meta- 
bo l i sm o f  these compounds. As the use o f  i s o t o p i c a l l y  l abe led  corn- 
pounds I n  the s tudy o f  biOlOgiCd1 problems and e s p e c i a l l y  i n  Me 
study o f  metabolism has been proved t o  be most e f f e c t i v e ,  the syn- 
t h e s i s  o f  14C-labeled s u b s t l  t u t e d  I soqu ino l l nes  i s  repo r ted  i n  the 
present  work. The r e s u l t s  o f  the b l o l o g l c a l  t e s t s  w i l l  i n  due t ime 
appear elsewhere. 

Discbss ion : 

general formulae I n  F igu re  1. 

molecule were as fo l l ows :  

1. 

The present  work deals  w i t h  the  synthes is  o f  compounds hav inq the 

These compounds marked w i t h  14C i n  d i f f e r e n t  posi:ions o f  the 

a. 1 - (  3.4-Dime thoxybenzyl - 1 4 C )  -6,7-dime thoxy i  soquinol  i ne ( X V )  

b .  1-(3,4-Dimethoxybenzyl)-6,7-dimethoxylsoquino1 ine-4- l4C ( X V I  I )  
w i t h  s p e c i f i c  a c t i v i t y  0.05 and 0.09 mCi /mole,  respec t i ve l y .  

CHJO c%om 
F i g u r e  1 



Synthesis o f  Papaverine and Qinopavine spec i f ica l ly  labeled with I4C 

I I .  a .  1 - (  3,4-Dimthoxyphenyl)~6,7-dimthoxyi  soqulnol lne-4-14C (XIX) 

1 - (  3.4-Oimethoxyphenyl ) -6.7-dlmeth~xylsoquinol ine-1 -14C (XXI) 

(XXI I I )  w i th  spec i f l c  a c t i v i t y  0.05, 0.09 and 0.06 mCi/mnole. 
respect ively.  

The most important steps o f  labe l ing  synthesis a r e  shcun i n  Figure 

The 3.4-dimethoxybenzoic a c i d - ~ a r b o x y l - ~ ~ t  ( ve ra t r i c  acld-carboxyl- 

i t h i u n  a t  l i q u l d  ni t rogen temperatures 

b. 
c .  1-(3-Methoxy-4- 1 4  C methoxypheny1)-6,7-dlmethoxyisoquinoline 

2 .  

14C) ( I )  necessary i n  the present work was obtalned from the reactlon 
o f  pbromoveratrole w i th  n-buty 

3,4-dlmthoxybenzaldehyde-carbony1-~4C (veratraldeh de-carbonyl-74C) 
( V I I I ) .  From t h i s  3.4-dlmethoxy-2-nitrstyrene-Z-& ( IX) and then 2- 
(3,4-dimethoxyphenyl)-2-mthoxy-l-nitroethane-2-14C (X) were obtained 
[3,4,5.6,7.8.9,10.12] whlle reductlon o f  the l a t t e r  gave 2-(3.4-d1- 
methoxyphenyl ) -2-methoxyethylamine-2-14C (X I ) .  n another sequence o f  

Intermediate steps o f  3.4-diathoxy ry l  a l c o h o l - b e n ~ y l - ~ ~ C  (117 and- 
3.4-dimthoxybenzyl chloride-benryl% (111). (3.4-dlmthoxypheny1)- 
acetonitrl le-2-14C ( I V )  was obtalned [11.12,13,14,15] from which 2-(3. 
4-dimthoxyphenyl)-ethylamine-2-1~C (hmveratrylamine-2-14C) (V I )  was 
obtained on reductlon 161 and (3,4-dlnethoxyphenyl)-acetlc acid-2-14C 

was obtained by methylation o f  v a n i l l c  acid w i th  methyl-1k- iodide and 
t h i s  was reacted w i th  th lony l  chlor lde t o  give the corresponding 
chlor ide ( X I I I ) .  The s ta r t i ng  mater ia ls thus prepared were em- 
ployed i n  the synthesls o f  the labeled alkalolds.  

a t  200' C gave the correspond g amlde N-(3.4-dlmthoxyphenylethyl)- 
3.4-di me thoxypheny 1 acetami de-{ 'C ( X I V  )whi ch on cycl  i za t i  on 1 n the 
presence o f  phosphorus oxychloride and subsequent dehydrogenatlon 
o f  the dihydro apaverlne thus f o m d  gave the desired 1-(3.4-dl- 
methoxybenzyl -y4C)-6 .7-dlnethoxyisoquinol ine (XV) [ 18,191. 

I n  anot r sequence o f  reactlons N-(3,4-dlmthoxyphenyl-2-mth- 
oxyo thy1 - 2 - k )  -3.4-dlmethoxyphenyl ace tami de (XVI ) was obtalned 
through a Schotten-Baumsnn react lon s ta r t l nq  w i th  2-( 3.4-dinethoxy- 
phenyl)-2-methoxyethylamlne-2-~4C (XI)  and on react ion w l th  phot orus 
oxychlort Q 1 -( 3.4-dlmethoxybenr 1 ) -6.7-dlmethoxyi soquinol lne-4-PbC 
(XVII) was f o m d  i n  good y l e l d  f18.193. 

followed b addi t ion of c'iirbon- 11 C dioxide [1,2]. 3.4-Dlmethoxybenzoyl 
chloride-1 i( C ( V I I )  was then eas i l y  repared and on reduction I t  ave 

reactions s ta r t i ng  w i th  ve ra t r i c  acid-carboxyl-1 1 C ( I )  an throu h the 

(homoverat c acid-2-1 5 C )  ( V )  on a lka l ine  hydrolysis [17]. F ina l l y  3- 
mthoxy-4- rd C-methoxybenzoic acid ( ve ra t r i c  add-4-methox -14C) (X I I )  

Heating hmoveratr  1 c aci  d-2 - 4C together *i tn nomoveratryl am1 ne 

With another Sch ten-Baummnn rcac t lon  s t a r t l n g  w i th  3.4-dineth- 
oxybenzoyl chloride-% ( V I I )  the correspondlng amlde was prepared 
and t h l s  was cycl ized w i th  phosphorus oxychloride t o  glve dihydro- 
quinopavine labeled i n  the 1-posi t ion and on reduction t h i s  conpound 
gave the desired qulnopavlne (XX1) [18.19]. By s im i la r  reactions the 
Pest o f  the subst i tuted l s o q u ~ n o l l m s  marked a t  d l f ferc 'nt  posi t ions 
were pre red the general route always being foonnation o f  the corms- 
ponding PBC-labeled amides, cyc l i za t i on  and dehydrogenatlon. 
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Synthesis of Papaverine and Buinopavine spec i f ica l ly  labeZed w i t h  I4C 

The reactions reported i n  t h i s  sect ion were f i r s t  car r ied  out 
wlthout radioact ive isotopes and 'the product o f  each step was charac- 
te r lzed  by I t s  physical constants (Table I ) ,  elemental analysis and 
in f ra red  spectroscopy. The reactions were then repeated w l th  labeled 
canpounds and the f l n a l  products were characterized by t h e i r  physical 
constants, Kjeldahl determination o f  n i t rogen and by comparison o f  
t h e i r  infrared spectra w i th  those of t h e i r  nonradloactlve counter- 
parts. 

used i n  subsequent steps wlthout f u r the r  pu r i f l ca t l on .  

Experimental : 

3,4-Dimethoxybenzoic r c l d - c a r b o ~ y l - ~ ~ C  (Veratr ic acld-carboxyl-14C) ( I ) .  

n-Butyl l i th ium (16 g, 249.78 mo les )  dlssolved i n  petroleum ether 
was zdded t o  a f lask  connected w i th  a gas-inlet. a separatory funnel 
and a vacuum system. The solvent was rcrnoved by aspirat ion.  the color-  
less residue was cooled w i th  l l q u l d  nl t rogen and 25 m l  o f  ether (per- 
oxide free) was added. Dry ni t rogen was passed through the f lask,  
followed by the addi t ion o f  p-brollararatrole (3.59, 10.00 mo les )  an& 
the mlx re was l e f t  fo r  15 Kln. This was f o l l a m d  by passage o f  

dropwise I n t o  a mlxtu 
and barlum carbonate-% (0.259, 1.27 moles ,  3 161). The ~ a r b o n - ~ ~ C  
dioxide was su i tab ly  d r ied  and was passed through the react ion mixture. 
Hydrochloric ac ld  (8 ml) was then added; the mjxtum a f t e r  machlng 
room temperature was ether-extracted. 
were treated w i th  d i l u t e  sodium hydroxide and the aqueous layer was 
ac id i f i ed  w i th  hydrocqlortc acld to  glve a f i n e  prec ip i ta te ;  t h i s  was 
washed w i  h cold water and dr ied t o  give 3,4-dimthoxybrnzolc acid- 
carboxyl -f4C. 

The react ion was repeatel; and the combined y ie lds  gave: Y i e l d :  
2.90 g (15.92 mo les ) ,  70.3" hased on Bal4CCO , m.p. 181-182' C .  
Radiochemical y ie ld :  4.22 m C i  (1.46 d i / g .  4.27 mCi/mmole). 

3,4-Dimethoxybenryl a l c ~ h o l - b e n z y l - ~ ~ C  (11). 

i n  'anhydrous ether '500 rnl) was put i n t o  a f lask supplied w l th  a 
Soxhlet extractor containing a mixture o f  vera t r i c  acic (3.90 g, 
21.40 mo les )  and v r r a t r i c  acid-cartoxyl-14C ( 7  .09 9. 5.98 moles .  
1.59 di). The f l ask  was heated f o r  12 hr,  then i t  was allowed t o  
cool and water (7.5 ml) was added, and the inorganic material was 
f i l t e r e d  o f f ,  the f i l t r a t e  was dr ied (MgS94) and t 
moved t o  leave 3,4-dimethoxybenzyl alcohol-benzyl-!jC 
(21.11 m l e s ) ,  80.5% based on amount o f  I used. 
1.28 mCi (0.36 mCi/g, 0.06 mCi/mnole). 

During the labe l ing  synthesls the tntermediate compounds were 

carbon- tr C dloxlde obtained as f o l l a n :  Hydrochloric r c l d  was added 
o f  dry barium carbonate (0.89. 4.05 mo les  

The combined ether extracts 

Lithium aluminum hydride (2.74 g,  72.22 moles)  as a suspension 

solvent was re- 
Yield: 3.55 g 

Radiochemical y ie ld :  

3,4-Dimethoxybenzyl c h l o r l d e - b e n ~ y l - ~ ~ C  (1111. 

373 

Thionyl ch lo r ide  (2 m l )  was added dropdse t a mixture o f  calcium 
chlor ide and 3,4-dinethorybenzyl a l ~ o h o l - h e n z y l - ~ ~ C  (3:55 g,  21 .ll 
moles ,  1 .?6 d i ) .  Calcium carbonate and anhydrous ether were then 
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added and the m ix tu re  was l e f t  ove rn iqh t .  The ino rgan ic  ma te r ia l  wa5 
then f i 1 te r t . d  of f ,and the ethe was d i s t i l l e d  o f f  t o  leave 3 ,441-  
methoxybenryl c h l o r i d e - h e n ~ y l - ~ ~ C .  Y ie ld :  1.6 g (19.29 mnoles), 
87.5% based on 11. QaJiochemical y l e l d :  1.12 nCi (0.31 riCi/g, "3.C6 
nCl/mnole). 

~ 3 . 4 - D i r n e _ t h o ~ y p h e n y l ) - ~ t o n i t r i l e - 2 - ~ ~ C  ( I V )  . 
Potassium cyanide (1  .95 r ~ ,  29.95 m o l e s )  i n  dimethyl su l fox id?  

(15  m l )  as s t i r r e d  f o r  10 min, then 3.4-dimethoxybenzyl c h l r i r i d c -  

was s t i r r e d  a t  room temperature f o r  6 h r .  Water (100 m l )  bias t h w i  
added and the aqueous l a y e r  was e x t r a c t e d  w i t h  1 : l  e the r -pc t ro leu i i  
e the r  (h.p. 40-60' C ) ;  the organic  l a y e r  was washed w i t t i  water. dr;ec!, 
and the f r e e  so e n t  was d i s t l l l e d  o f f  t o  leave (3 ,4 -d ine thox~pheny l ) -  
ace ton i t r i l e -2 - "C .  Y ie ld :  3.30 g (18.52 m o l e s ) ,  9 1 . L  based oil I l l .  
Radiochemical y i e l d :  1.02 m€i (0.31 mCi/g. 54.7U r l i t i / m o l e ) .  

benzy l -  1 1  C (3.6 q, 19.29 moles. 1.12 mCi) was added and tlir , : i x tu re  

( 3.4 -31 me thoxypheny 1 > - a c e t i c  a c i  d-2 -l 4C (Homovera tr i c ac 7 d -!* -(iJ 

(3.4-Dimetho~yphenyl)-acetonitrlle-2-~~C (1.52 q, 8.53 ririolp;. 
0.47 mCi) and potassium hydrox ide ( 6  g)  were added t o  a s c l u t i o n  o f  
water (6  m l )  i n  e t h y l m e  q l y c o l  (15 m l )  and the m ix tu rp  Nas h e a t r l  
under r e f l u x  a t  140' C for 12 h r .  The m ix tu re  was then a l lowed t n  
Cool, a c i d l f i e d  and e x t r a c t e d  w i t h  e t h e r .  
and the so l ven t  was d i s t l l l e d  o f f  t o  leave (3,4-dimethoxyphenyl)- 
a c e t i c  acid-2-14C. Y i e l d .  
amount o f  I V  used. Radlochemlcal y l e l d :  0.45 m C i  (0.28 mCi/g, 0.055 
dl/mnole). 

The e t h e r  l a y e r  v a s  d r i e d  

1.6 g (8.15 m o l e s ) ,  95.5' base+ qn the 

lHomovera t r y lam ine -2 - l  4C 

L l t h i u w  aluminum hyd r ide  ( 0 . 5  g)  suspended i n  anhydrous et r ier  
(500 m l )  was added t o  a f l a s h  supp l i ed  w i t h  a 

0.54 dl) and the m ix tu re  was heated under r e f l u x  f o r  12 h r .  
( 4  m l )  was then added, the  i no rgan ic  m a t e r i a l  was f i l t e r e d  o f f  aiid 
the e t h e r  l a y e r  was d r i e d .  
y e l l o w l s h  l i q u i d .  Th ls  was t r e a t e d  w i t h  g l a c i a l  a c e t i c  a c i d  and the 
amine was qenerated from the ace ta te  by t reatment  w i t h  6':  scdium hy- 
drox ide and e x t r a c t i o n  w i t h  e t h e r .  The r'ther rK:ractc f e w  !vied and 
the  s o l  e n t  was d i s t i l l e d  o f f  t o  leave 2-(3,4-dlmethoxyphenyl)-ethyla- 
n1 lne -2 -~~C.  Y ie ld :  1.71 g 5.44 m o l e s ) ,  96.3% based on the amount o f  
I V  used. b.p. 170-172. C, n2 1.4660. 
(0.3 mCl/c., 0.055 d i / m l e ~ .  

o x h l e t  e x t r a c t o r  con- 
t a i n i n g  (3,4-dimetho~yphenyl)-acetonitrile-2-~ i C (1.75 a, O . E ?  m o l e s ,  

! la ter  

The s o l v e n t  was then removed t o  leave a 

Radiochemical y i e l d :  0.52  m C i  

3.4-Dimethoxybenzoyl ch lo r i de - I4C  ( V I  I ) .  

A mix re of v e r a t r l c  a c i d  (3.2 g,  1 7 . 5 7  m o l e s ) ,  v e r a t r i c  a c i d -  
ca rboxy l - \&  (1.74 g. 9.6 m o l e s ,  2 . 5 5  m t i )  and t h i o n y l  c h l o r i d e  (15 
m l )  was heated under r e f l u x  a t  150" C f o r  5 h r .  
l e f t  a t  room temperature for 12 h r .  and the excess o f  t h i o n y l  c h l o r i d e  
was removed under vacuum. Th is  removal was a ided  by the a d d i t i o n  o f  
anhydrous benzene (5x10 ml )  and evaporat ion o f  the so l ven t  under 
vacuum. 

The m ix tu re  was then 

The y e l l o w i s h  powder thus obta ined was r e c r y s t a l l i z e d  from 
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petroleum e t h e r  t o  q i ve  3.4-dimethoxybenzoyl ~ h l o r i d e - ~ ~ C .  
5.25 rj (26.17 m a l e s ) ,  91.4'. based on the amount o f  I used, m.p. 70- 
71" C .  Radiochemical y i e l d :  2.33 mC1 (0.44 mCi/g. n.09 mCi/mnolc). 

3,4-Dimethox1benzal dehyde-Carbonyl -l 4C JVera t r a l  dehyde-Ca rbonyl  -l 4C) 

3 .~ -D i~ i c thoxybenzoy l  c h l o r i d e -  C (4.1 g. 20.44 m o l e s ,  1.82 mci )  

Y ie ld :  

1 m - - -  
14 

were d i sso l ved  i n  anhydrous xylene (LO ml)  con ta in inq  t races o f  quino- 
l i n e - s u l f u r  c a t a l y s t  and pal ladium-barium s u l f a t e  5: (0.15 ~1 cr.ta1yst. 
Hydrogen qas was bubbled through the m ix tu re  which was s t i r r e l  :or 5 
hr . ;  the i no rgan ic  m a t e r i a l  was then f i l t e r e d  o f f  and the o l v e n t  was 
d i s t i l l e d  o f f  t o  leave 3,4-dinetho~ybenzaldehyde-carbonyl-~&. Yie ld:  
1.76 g (10.59 m o l e s ) ,  56% based on the  amount o f  V I I  used. 
chemical y i e l d :  1.02 m C i  (0.58 mCi/g. '..1 mC i /mo le ) .  

Radio- 

3,4-Dlmetho~y-2-nitr-Qrene-Z-~~C ( I X ) .  

I l i t romethane (0.5 g ) ,  g l a c i a l  a c e t l c  a c i d  (0.1 9 ) .  and ben ylamine 

g, 10.59 m o l e s ,  1.02 mC1) i n  e thanol  (20 m l l .  The m i r t u r e  was heated 
under r e f l u x  a t  50' C w i t h  s t i r r i n g  f o r  10 h r .  
t o  coo l ,  f i l t e r e d ,  wasbed w i t h  c o l d  ethanol  and d r i e d  t o  g ive ye l l ow  
c r y s t a l s  o f  3,4-dimetho~y-2-nitrostyrene-2-~~C. Yie ld :  1.65 g (7.89 
mncles), 94.1" based on ' / I l l .  Radiochemical y i e l d :  0.96 m C i  (0.5i? 
mCi/g, 0.12 mCi/mnole). 

(0.12 g)  were added t o  a s o l u t i o n  of veratraldehyde-carbonyl- 1 i  C ( 1 . 7 5  

I t  was then a l lowed 

2-( 3 , 4 - D i m e t h o ~ y p h e n y l ) - 2 - m e t h o x y - l - ~ t ~ e t h a n e - 2 - ~ ~ C  ( X )  . 
3,4-Dimetho~ynitrostyrene-?-'~C (1.65 g. 7.89 m o l e s ,  0.96 m C i )  

as a suspension i n  cn ld  methanol was s t r o n g l y  s t i r r e d  wh i l e  sodium 
m t h o x i d c  (15 g. as r w t a l l t c  sodium d l sso l ved  i n  20 m l  o f  anhydrous 
methanol) was added d rop t i se ;  a f t e r  t he  r e a c t i o n  was complete, g l a c i a l  
a c e t i c  a c i d  (2.5 ml)  was added and most o f  the a lcohol  was removed 
under vacuum. Water was then adde i n  excess and 2-(3,4-dimethoxy- 

Y ie ld :  
0.93 mCi (0.49 mCi/g, 0.12 mCi /mo le ) .  

phenyl)-il-nethoxy-l-nitroet4ane-2- f 4  C was obta ined as a p r e c i p i t a t e .  
1.89 g (7.83 m o l e s ) ,  96.9% based on X. Radiochemical y i e l d :  

2 - (  3,4-Dimethoxyphenyl) -2 -metho~yethy lamine-2 -~~C ( X I ) .  

' A s o l u t i o n  o f  2 - ( 3,4-dime thoxy heny 1 ) -2-me thoxy-1 -ni troe thane-2 - 
14C (1.89 q ,  7.83 mmles ,  3.93 m C i P  i n  200 m l  o f  anhydrous te t rahyd ro -  
furan was added t o  a m ix tu re  o f  an+vdrous e t h e r  (300 m l )  and l i t h l u m  
aluminum hydr ide (0.6 9 ) .  and the n i r t u r e  was r e f l u x e d  f o r  4 h r .  
A f t e r  cool ing.  3 m l  o f  water  was added. The ino rgan ic  res idue so 
formel  W A S  f i l t e r e d  o f f .  The e the r  t x t r a c t s  were d r i e d  and the s o l -  
vent was t i s t i '  ed o f f  t o  leave 2-(3.C-dimethoxyphenyl)-2-methoxy-l- 

m o l e s ) .  4 . 3 %  based on X I .  Radiochemic31 y i e l d .  0.65 mCi (0.56 
mti/q, 0 .17  m L i / i n ) l e ) .  

n i t r o e t r a n e - 2 -  ia C as a t ransparent  y r l l n w  o i l .  Y ie ld :  1.16 q (5.49 

3-Meth0xy-4 -~~C-met~~pxyben~dc  A c i d  ( V e r a t r i c  a ~ l d - 4 - m e t h o x y - ~ ~ C )  (XII) . 
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3-Methuxy-4-hydroxyhenzoic a c i d  ( 1  .*>!I 1, 9.22 m o l e s )  was heated 
over a steambath wh i l e  aqueous potassiurr. hydroxide (1 .7  4) i n  water 
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(10 m l )  and 1 w t h y l - 1 ~ C  i o d i d e  (1.42 9. 10.0 m o l e ,  0.51 siCi) were 
added dropwise i n  a way ensur ing the c m t i n u o u s  a l k a l i n i t y  of the 
m ix tu re .  The hea t inq  was cont inued f o r  one hour a f t e r  the a d d i t i o n ;  
the m ix tu re  was then a l l owed  t o  cool and hyd roch lo r i c  a c i d  was added; 
the  p r e c i p i t a t e  thus formed was washed w i t h  c o l d  water u n t i l  t f i l -  
t r a t e  was c h l o r i d e  f r e e  t o  (live w h l t e  c r y s t a l s  o f  3 -m~thoxy -4 -?~C-  
methoxybenzoic ac id .  Y ie ld :  1.25 g (6.86 m o l e s ) ,  82.4" Dased on 
1 w t h y l - 1 ~ C  iod ide .  Radiochemical v i e l d :  0.42 niCi (0.34 mCi/g, "1.36 
d i / m n o l e ) .  

3-Meth0xy-4-~~C-methoxybenzoyl c h l o r i d e  ( X I I I ) .  

I t  was p pared i n  the  way descr ibed i n  paragraph V I I  s t a r t i n q  w i t h  
3-methoxy-4-& hoxybenzolc a c l d  (1.25 g ,  6.85 moles,  0.42 m C i )  t o  
g i ve  3-methoxy-4TiC methoxybenzoyl ch lo r i de .  Y ie ld :  1.26 o ( 6 . 2 8  
moles) ,  92.9% based on X I I .  Radlochemical y i e l d :  0.39  Ki ( , l . 3 1  m C i /  
g. 0.06 mCi /mo le ) .  

N- ( 3.4-Dime thoxyphenylethy l  ) -3,4-dImethoxypheny 1 ace ta*ai dt. - lo(: i X IV,. 

H o m v e r a t r i c  acid-2-14C (1.6 9. 8.15 moles,  9.45 m C i )  :{as a d d ~ r !  
t o  homoveratrylamine (2.7 g, 14.9 innole) and s t i r r e d  under r e f l u x  :t' 
a temperature o f  190" C f o r  4 h r .  The m ix tu re  was then a l lowed t o  
coo l  and a l l t t l e  acetone was added. The whi te  p r e c i p i t a t e  :IUS ob- 
t a i n e d  was r e c r y s t a l l i z e d  from e t h y l  acetate t o  g i ve  ' I - (3 ,4 -d iw t l i oxy -  
phenylethyl)-3,4-dimethnxyphenyla~etamlde-1~C. y i e l d :  2.73 q ( 7 . 6 5  
m o l e s ) ,  93.39, based on V .  Radiochemical y i e l d :  0.42 m C i  !0.15 v C i / c ,  
0.05 rrCi/mnole). 

1-( 3,4-Dimethoxyben~yl-~~C) -6 ,7-d inethoxy isoquinol  i ne  ( X V )  . 

(2.75 g ,  7.65 m o l e s .  0.42 n f i )  i n  xylene (100 ml) and 6.5 m l  pnos- 
phorus oxych lo r i de  was heated t o  160' C under i n e r t  atmosphere f o r  90 
min. 
60° C) was added an o i l y  l i q u i d  was obta lned which was d i sso l ved  i n  
methanol and made a l k a l i n e  w i t h  d i l u t e  aqueous potassium hydrox ide.  
Cold water  was added u n t l l  a l i t t l e  p r e c f p i t a t e  appeared. 
t he  methanol was removed under vacuum and the remainder was e x t r a c t e d  
w f t h  benzene, d r i ed ,  and the s o l v e n t  removed under vacuum. The r e -  
malnder toge the r  w i t h  t e t r a l l n  ( 1 5  g )  was added t o  a 10% pa l l ad ium 
on pumice c a t a l y s t  (3.5 9) and the mlxture  was heated f o r  3 h r  a t  a 
temperature o f  200" C under l n e r t  atmosphere; i t  was then l e f t  stand- 
i n g  a t  roan  temperature f o r  12 h r ,  n r d  the so l ven t  was removed under 
vacuum and the  remainder e x t r a c t e d  "t l l  h o t  ch loroform (5x50 ~ 1 ) .  
Most o f  the ch loroform was then r r r :ovrd and pe t .  e t h e r  (b.p. 40-63' C) 
was added to  the  r e m i n i n g  concentratc4 s o l u t i o n  t o  g i ve  a crearn- 
c o l o r e d  p r e c i p i t a t e .  
e t h e r  t o  91 ve 1 -(3,4-dlmethoxybenzyl- ":; -6,7-dimethoxyi soquinol  1 ne . 
V le ld :  
Radlochemical y i e l d :  0.32 rnC i  (9.lL d i / q ,  0.95 m C i / m o l e ) .  

11-( 3 . 4 - d l m e t h o x y p h e n y l ~ t h ; . l ) - 3 , ~ - ~ ~ ~ t h o ~ ~ o h e n ~ l a ~ e t a ~ l d e - ~ ~ C  

The m i x t u r e  was then a l lowed t o  cool when p e t .  e t h e r  (b .p.  40- 

Most 3 f  

Th i s  was d r i e d  p ~ d  r e c r y s t a l l i z e d  from e thano l -  

2.03 g (5.98 m o l e s ) ,  76.2; base;: on X I V .  m.p. 146-148' C .  

N - (  3,4-dImethoxyphenyl-2-methoxyethyl -L-l4C! -3,4-dimetl1oxypheny1- 
acetamide (XVI 1. 

3.4-Cimethoxyphenylacetyl c h l o r i d e  ' 1 . 5  9, 6.99 m o l e s )  i n  e t h e r  
(5  ml) and J 107 p o t a s s i w i  hydrox ide w l u t i o n  (5 m l )  were added t o  
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2-(3,4-dlmethoxy henyl)-2-netha~yethylamine-2-~~C (1.16 g,  5.49 
moles ,  0.65 dip i n  ether (10 ml) and the mixture was heated under 
re f l ux  w i th  s t i r r i n g  f o r  90 mln. The mixture was then extracted w i th  
benzene, tne extracts were dr ied and the solvent was d i s t i l l e d  o f f  t o  
leave trans arent brownish c rys ta ls  o f  11-(3,4-dimethoxyphenyl-2-meth- 
oxyeth 1 - 2  P4C)-3.4-dimethoxyphenylacetamlde. Yield: 1.77 
moles{. 6;.5% based on X I .  Radiochemlcal y ie ld :  0.40 mCi qO.23 
mCi/g. 0.09 d i /mno le) .  

(4.54 

1 -( 3,4- Oimethoxybenzyl)-6, 7-dime thoxyi soq'uinol ine-4-1 4C ( X V I  I . 
Phosphorus oxychloride (5 ml) i n  x ene (100 ml) was added t o  N- 

( 3.4- d i me thoxypheny 1 -2 -m thoxye thy1 -2 - ra C ) - 3.4-d 1 me thoxypheny 1 ace t ami de 
(1.77 g, 4.54 moles ,  0.40 mC1) and the mixture was heated under r e f l u x  
f o r  45 min; i t  was then extracted w i th  hot water and the aqueous layer  
was allowed t o  cool and made a lka l ine .  The white p rec ip i ta te  thus ob- 
tained was extracted w i th  ether, and a f t e r  the ether layer was dr ied 
the solvent was d i s t i l l e d  o f f  t o  leave a cream-colored prec ip i ta te ,  
which was recrys ta l l i zed  fnm, ethanol-ether t o  give l-(3.4-dimethoxy- 
benzyl)-6,7-dimethoxylsoquinolIne-4-~~C. Yield: 1.10 g (3.24 mnolei), 
70.0% based on X V I .  Radiochemical y ie ld :  0.28 m C i  (0.25 mCi/g. 0.09 
mCi/mnole). 

N-( 3,4-Dlmetho~yphenylethyl-2-~ 4C) -3,4-dlmethoxybenzamide ' ( X V I  I I )  . 
3.4-Dlmethoxybenzoyl ch lo r i d  (2.8 g, 13.96 mo les )  was added w i th  

s t i r r i n g  t o  h m v e r a t r  lamtnc-2-~4C (1.71 g. 9.44 m l e s ,  0.52 d t )  i n  
anhydrous ether (10 m l f  whi le care was taken t o  keep the temperature 
low. The mixture was s t i r r e d  a t  room temperatun f o r  6 mire hr. The 
solvent was then d i s t i l l e d  o f f  and the white powder thus obtained was 
r e  r y s t a l l l z e d  from ethy l  acetate t o  give N-(3,4-dlmethoxyphenylethyl- 
2-F4C)-3.4-dlncth~xybenzamide Yield: 2.93 (8.48 mnoles). 88.46% 
based on V I .  Radiochemical y ie ld :  0.46 aC1 qO.16 mCi/g, 0.05 mCl/  
m o l e ) .  

1 -('3 ,4-Dimthoxyphcnyl) -6.7-dimethoxyi soquinol ine-4-1 4C ( X I  X) . 
dimethoxyphenylethyl-2-1%) -3,4-dimethoxybenzami de (2.93 g. 8.48 
moles ,  0.46 mCl)  i n  toluene (100 ml) and the mixture was s t i r r e d  
and heated under re f l ux  a t  150-155' C f o r  90 min under an i n e r t  atmos- 
phere; the solvent and the excess of phosphonus oxychloride were re- 
moved under vacuum and the remainder was dissolved i n  water and ex- 
t rac ted  once w i th  a l l t t l e  ether. The aqueous layer was rendered 
a lka l ine  w i th  annwwlium hydroxide and the p rec ip i t a te  thus obtained 
was dehydrogenated as described i n  Paragraph XV using 10% palladium 
on pumice (6 9). The crude product was rec rys ta l l i zed  f r o m  ethanol- 
ether t o  give 1 - (3.4-dlmethoxyphenyl ) -6.7-dimethoxyi soquinol ine-4-1 4C. 
Yield:  2.84 g (8.73 mo les ) ,  91.3% based on X V I I I .  Radiochemical 
y ie ld :  0.42 Mi (0.15 mCi/g. 0.05 mCi/mnole). 

N-(3.4-Dlmcthox~uhenylethyl)-3,4-dlmthoxybenzaide-14C ( X X )  . 
It was prepared as desc:tkd i n  Paragraph V I I I  s ta r t i ng  with h - 

veratrylamine (1.5 g,  8.28 moles) ,  3.4-dimethoxybenzoyl ch lo r ide-?T 
(1.08 g. 5.38 mo les ,  0.48 dl). The crude product was rec rys ta l l i zed  

Phosphorus oxychloride (6.5 ml) was added t o  so lu t ion  o f  N-(3,4- 

377 
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frm ethy l  cetate t o  g ive  N - ~ 3 , 4 - d i ~ t h o x y  henylethyl)-3,4-dimthoxy- 

o f  V I I  used. Radlochemlcal y ie ld :  0.44 mC1 (0.26 mCl/g, 0.09 m C i /  
m o l e ) .  

benzamide-1 t C. Yield: 1.71 g (4.95 moles!, 91.7% based on the amount 

1-(3,4-0lnethoxyphenyl)-6.7-dlmethoxyisoquinol ine- l - l4C ( X X I )  . 
It was prepared I S  described i n  Paragraph X I X  s ta r t i ng  w i th  N-(3,4- 

dinethox phenylethyl)-3,4-dlmthoxybenzamide-~~C (1.71 g. 4.95 moles ,  
0.44 Rtctf and phosphorus oxychlorlde (4.5 m t )  whfle the dehydrogena t i~  
was e f fec ted  with 10% palladium on pumlce ca ta lys t  (2 9 ) .  The crude 
product was rec rys ta l l i zed  from etha 1-ether t o  give 1-(3,4-dimethox - 
88.6% based on X X ,  Radlochenlcsl y ie ld :  0.39 mCi (0.28 mCi/g. 0.09 
n tC i /m le ) .  

~enyl~-6~7-dimethoxyisoquin~l lne- l -  98 C. Yield: 1.41 g (4.33 molesf ,  

N-f 3,4-Dinethoxyphenylethyl)-3-mtho~-4-14C-mthoxybenzami de ( X X I I )  . 
It was prepared as described In Paragraph X V I I I  j&ar t ing  w i th  homo- 

veratrylamine (1.63 g, 8.99 moles)  and 3-mthoxy-4- C-mthoxybenroyl 
chlor ide (1.26 g. 6.28 moles ,  0.39 dt ) .  The crude product was re- 
crystallized fran e thy l  acetate ta glve N-(3,4-di~thoxyphenylethyl)-3- 

meth0xy-4-~~C methoxybenzamlde. Yield: 1.93 q (5 .59  mnolerf, 87.2: 
based on XIII. Radiochemical y ie ld :  0.34 mCi (0.18 nEi/g, 0.36 
mCi/mle). 

I - (3 -metho~y-4 -~~C-met~xypheny l ) -6 ,7 -d i~ thoxy i roqu ino i  ine (%X&g-. 
I t  was prepared as described I n  Paragraph X I X  s ta r t i ng  w i th  Y-(3, 

4 - d i ~ t h o x y p h e n y l e t h y ~  1 -3-methox~-4-~~C-methoxybenzamide f 1 ‘93 g, 
5.59 moles ,  0.34 m C i )  and phosphorous oxychloride ( a  ml). The crude 
product was dehydroqenated w i th  10% palladium on pumice ( 2  9)  and the 
p r  uc t  was rec rys ta l l i zed  front ethanol-ether t o  give ?-(3-methoxy- 

mnolds) 91.2% based on X X I I .  Qadlochemlcal y ie ld .  0 .31  rC i  (9.1il 
mCi/g, 0.06 ~ I / ~ ~ P ~ .  

4- PB C-methoxyphenyl~-F,7-dlmethoxyisoquino1ine. Yield: 1.65 1 (5.97 
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