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SUMMARY 

T h e  s y n t h e s i s  of f o u r  s t r u c t u r a l l y  s i m i l a r  [14CJlabelled 

compounds having a novel  h e t e r o c y l i c  r i n g  system i s  desc r ibed .  

Three compounds w i t h  a te t rahydropyrano (or  thiopyrano)  i n d o l e  

nucleus were prepared from s u i t a b l y  s u b s t i t u t e d  [ l ' r ~ J t r y p t o p h o l s  

and were l a b e l l e d  i n  the pyrano o r  thiopyrano r i n g .  The prepara-  

t i o n  of the [14C]tryptophol i n t e rmed ia t e s  from the a p p r o p r i a t e  

gramine is  desc r ibed .  The s y n t h e s i s  of the f o u r t h  compound, a 

te t rahydroindenopyran d e r i v a t i v e  l a b e l l e d  i n  t h e  indene nuc leus ,  

involved a novel  p r e p a r a t i o n  of [14C]indene. 

[14C]Pyranoindole, [14C]Thiopyranoindole, [l-14C]Indene, 

114C]Indenopyran 

Key Words : 

INTRODUCTION 

A series of compounds having a nove l  te t rahydropyranoindole  (I, X = NH, 

Y = 0 ) ,  (1, Za, Zb), te t rahydrothiopyranoindole  (I, X = NH, Y = S)  (3a) and t e t r a -  

hydroindenopyran (I, X = CH2, Y = 0) (4a) s t r u c t u r e  has  been prepared i n  our  

l a b o r a t o r i e s .  

R1 = a l k y l ,  R 2  = C%COZH) e x h i b i t  a n t i - i n f l m a t o r y  a c t i v i t y  (1, 2 a ) ,  wh i l e  t h o s e  

T h e  compounds w i t h  an  a c e t i c  a c i d  s u b s t i t u e n t  i n  the 1 -pos i t i on  (I, 

L 

wi th  R1 = a l k y l  and R2 = N,N-dimethylaminoethyl have a n t i d e p r e s s a n t  p r o p e r t i e s  

(2b, 3a ,  3b,  3c, 4a,  4b).  

@ 1978 by John Wiley & Sons Ltcl. 

W e  d e s c r i b e  h e r e i n  t h e  s y n t h e s i s  of [14C]labelled, 
8.?6'-480 3/78/0314-0411$01.00/0 
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structurally related, prodolic acid &a, etodolic acid Eb, tandamine hydrochloride 

- 10, and pirandamine hydrochloride g*. 

DISCUSS I O N  

The synthesis of prodolic acid ga (l), etodolic acid gb (2a) and tan- 

damine hydrochloride g (3a) requires tryptophol intermediates 5 with appropriate 
substituents on the indole nucleus. 

prepared from the appropriately substituted quaternary gramines 2, this route was 
also chosen for the labelled synthesis (Scheme 1). 

Since the tryptophols 6 could be readily 

The [14C] label was thus 

aR1 = H, R2 = H 

- b R1 CH2CH3, R2 = H 
g R 1  = H, R2 = CHzCH3 

*[14C]label 

*Non-proprietory names adopted by the USAN Council. 

l-n-propyl-1,3,4,9-tetrahydropyrano[3,4-b]indole-l-acetic acid; etodolic acid 

(AY-24,236) gb: 1,8-diethyl-l, 3,4,9-tetrahydropyrano[3,4-b]indole-l-acetic acid; 

tandamine hydrochloride (AY-23,946) lo: 9-ethy1-1,3,4,9-tetrahydro-N,N,l-trimethyl- 
thiopyrano[3,4-b]indole-l-ethanamine hydrochloride; pirandamine hydrochloride 

@Y-23,713) 15: 1,3,4,9-tetrahydro-N,N-l-trimethylindeno~2,l-a]pyran-l-ethanamine 
hydrochloride. 

Prodolic acid CAY-23,289) &a: 
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int roduced in each case by displacement of t h e  quaternary amine w i t h  potassium 

[ 

t h e  n i t r i l e  ?b, t h e  N-subst i tuted i n d o l e  Lc gave a mixture  of t h e  n i t r i l e s  c (65%) 

and 5 (35%). 

t o  g ive  the 2-cyanoindoles as minor products  (5).  

14 Clcyanide t o  g ive  t h e  n i t r i l e  3. While t h e  r e a c t i o n  of b wi th  KCN gave only 

N-Substi tuted quaternary gramines a r e  known to r e a c t  w i t h  n i t r i l e s  

The n i t r i l e s  b and 2 c  were converted r e a d i l y  t o  t h e  indole-3-acetic 

a c i d s  5 b  and Zc by hydro lys i s  w i th  20% aqueous potassium hydroxide.  

of t h e  2-cyanoindole k u n d e r  the h y d r o l y t i c  cond i t ions  e l imina ted  t h e  need t o  

s e p a r a t e  t h e  two isomeric  n i t r i l e s  c and 4; t h e  indole-3-acetic a c i d  5 c  being the  

only product  i s o l a t e d  from the  a c i d i c  f r a c t i o n  after hydro lys i s  of t h e  n i t r i l e  

mixture .  

The s t a b i l i t y  

Reduction of t h e  indole-3-acetic a c i d  d e r i v a t i v e s  5 w i t h  lithium 

aluminum hydride i n  t e t r ahydro fu ran  gave t h e  t ryp topho l s  5 i n  o v e r a l l  y i e l d s  of 

80% f o r  5a*, 95% f o r  k b  and 59% f o r  kc. 
The t ryp topho l s  5a and 5 b  were condensed w i t h  e t h y l  b u t y r y l a c e t a t e  o r  

methyl  p rop iony lace ta t e  using boron t r i f l u o r i d e  e t h e r a t e  as the  c a t a l y s t  t o  a f f o r d  

t h e  te t rahydropyranoindoles  l a  and z b  (1, 2)  (Scheme 2 ) .  Basic hydro lys i s  of t h e  

esters l a  and l b  gave t h e  [3-14C]prodolic a c i d  a a  and [3-14C]etodolic a c i d  a b  

i n  o v e r a l l  y i e l d s  of 26% from the [14C] l a b e l l e d  s t a r t i n g  m a t e r i a l  (Table 1 ) .  I n  

bo th  cases  t h e  compounds a r e  uns t ab le  under n e u t r a l  o r  s l i g h t l y  a c i d i c  cond i t ions  

Scheme 2 

a - 7 - 

a R 1  = H, R3 = T C H 2 C H 3  

R1 = CH2CH3, Rg = CH2CH3 

* Lf4C] l a b e l  

*This y i e l d  of t h e  t r y p t o p h o l 2 a  was based on t h e  r educ t ion  of commercially 

a v a i l a b l e  ind0 le -3 - [1 ' -~~CIace t i c  ac id .  
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due t o  the formation of a hydroperoxide (6). 

the presence of an an t iox idant  (6) ,  e .g .  2,6-di-tert-buty1-4inethylphenol and 

s torage  a t  -10' i n h i b i t e d  hydroperoxide formation. 

R e c r y s t a l l i z a t i o n  of t h e  a c i d s  i n  

The t ryptophol  $c w a s  converted t o  the tetrahydrothiopyranoindole lo 
(3a) by t h e  sequence of reac t ions  shown i n  Scheme 3: r e a c t i o n  of k c  with phos- 

phorous tribromide gave the  bromide ?a which w a s  converted t o  t h e  t h i o s u l f a t e  

(Bunte s a l t )  s b  with sodium t h i o s u l f a t e .  

amino)-butan-3-one using BF3 e t h e r a t e  a s  c a t a l y s t  gave tandamine lo (as  f r e e  

Condensation of s b  with 1-(N,N-dimethyl- 

Scheme 3 

CH2CH3 

6c - 

CH2CH3 

10 - - 9 a X = B r  

b X = SS03Na 

I 
YE2 

*[14C] l a b e l  CH3 

amine) i n  10% yie ld .  

(3a) a s  a by-product i n  t h e  r e a c t i o n .  

the des i red  condensation reac t ion  t o  form lo. 

The low y i e l d  w a s  due t o  the formation of the d i s u l f i d e  s c  

Once formed, the d i s u l f i d e  does not  undergo 

In  cont ras t  t o  the o ther  compounds, pirandamine hydrochloride Is w a s  

more e a s i l y  l a b e l l e d  i n  the indene nucleus than i n  the tetrahydropyrano r ing .  The 

sequence of reac t ions  used t o  prepare the  l a b e l l e d  indenopyran 15 from [14CJbarium 

carbonate i s  shown i n  Scheme 4 .  

r e a c t  with r14C]C02 t o  give the  carboxyl ic  a c i d  12. 
ac id  (7)  gave [l-14C]indan-l-one G a  which w a s  then reduced t o  the a lcohol  g b  

with sodium borohydride. 

2-Phenylethylmagnesium bromide G w a s  allowed t o  

Ring c losure  w i t h  hydrofluoric  
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Scheme 4 

MgBr r, 
BaC03 * 

13a X = CO - 1 2  11 - - * 
b X = CHOH 

13b - 

- 14a R = H, A''' 

b R = CH2CH20H, A l S L  

c R = CH2CH20H, 

*[14C] l a b e l  

- 15 HC1 

The conversion of 1-indanol g b  t o  indene E a  w a s ,  i n i t i a l l y ,  no t  

s u c c e s s f u l ;  dehydrat ing agen t s  such a s  p- toluenesulfonic  a c i d ,  s u l f u r i c  a c i d ,  

o x a l i c  a c i d ,  phosphorous oxychlor ide and t h i o n y l  c h l o r i d e  d i d  no t  e f f e c t  the con- 

v e r s i o n ;  f l o r i s i l  i n  r e f l u x i n g  benzene (8) caused some dehydrat ion of t h e  a l c o h o l  

b u t  t h e  r e a c t i o n  was no t  e f f i c i e n t .  Only a f t e r  applying t h e  method of Melton and 

Eisenbraun ( 9 ) ,  i . e .  by r e f l u x i n g  1-indanol u b  i n  cyclohexane i n  t h e  p re sence  of 

a s m a l l  amount of t h e  s t r o n g  c a t i o n  exchange r e s i n  Amberlyst 15,  a nea r  q u a n t i t a t i v e  

conversion t o  indene g a  was achieved.  

y i e l d  from [14C]BaC03. 

[l-14C]Indene w a s  ob ta ined  i n  60% o v e r a l l  

The t r ea tmen t  of indene s a  w i t h  ethylmagnesium bromide gave the exchanged 

Grignard %a (R = MgBr) which on r e a c t i o n  wi th  e thy lene  ox ide  gave the indene-l-  

e t h a n o l  g b  (11).  

- 14a i n  20% aqueous a l c h o l i c  KOH. 

was obtained i n  67% y i e l d .  

I somer i za t ion  of t h e  double bond t o  g c  was e f f e c t e d  by r e f l u x i n g  

The product ,  i s o l a t e d  by column chromatography, 

Condensation of t h e  indene-3-ethanol &c w i t h  1-(N,N-dimethylamino)-butan- 

3-one using BF - e t h e r a t e  a s  t h e  c a t a l y s t  gave t h e  f r e e  amine g w h i c h  w a s  p u r i f i e d  

by p r e p a r a t i v e  th in - l aye r  chromatography (TLC) and converted t o  t h e  hydrochlor ide 

s a l t .  

3 
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1.56 

The radiochemical purity of the final [14C] labelled compounds was deter- 

mined by TLC-autoradiography in two or three different solvent systems. 

results are summarized in Table 1. 

Table I. 
[14C]tandamine hydrochloride lo and [ 14 Cjpirandamine hydrochloride Is. 

The 

Specifications for [14C]prodolic acid !a, [14Cletodolic acid gb, 

Specific activity, 
mCi/mole I Name 

1 1 

Tandamine 
hydrochloride lo 2.15 

Pirandamine 
hydrochloride 15 4.70 

Solvent system I 2 Radiochem. 
purity 

1 i 
methylcyclohexane- 
acetone acetic acid 
70:30:0.5 

benzene-ethanol acetic 
acid 80:12:5 

hexane-acetone acetic 
acid 70:30:0.5 

99 

benzene-ethanol acetic 

petroleum ether (30-60)- 
ethyl acetate-acetic 
acid 50:50:0.5 

99 

benzene-acetone-tri- 
ethylamine 60:30:10 

99 

chloroform-methanol 

benzene-acetone-tri- 
ethylamine 70:30:10 

EWERIMENTAL 

The experimental details in this section are those used for the labelled 

The reactions were monitored by TLC (0.25 mm silica gel F254 plates synthesis. 

from E.M. Laboratories) using the appropriate unlabelled compound as the reference. 

Autoradiograms were obtained with manually developed Kodak RPIR14 medical X-ray 

film. 

spectrometer. 

14 

Radioactivity was measured with a Packard Tri-Carb 3375 liquid scintillation 

[ C]Potassium cyanide, [14C]barium carbonate and ind01e-3-[1'-~~C]acetic 

acid were purchased from New England Nuclear Corp., Boston, Massachusetts. 
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3-(N,N-Dimethylaminoethyl)-7-ethylindole, Lb. 

7-Ethylindole (5.37 g ,  0.037 mole),  prepared from 7-e thyl i sa t in  (2a), 

w a s  d i sso lved  i n  dioxane (25 m l )  and added under a n i t rogen  atmosphere t o  a 

s o l u t i o n  c o n s i s t i n g  of dioxane (35 ml), g l a c i a l  a c e t i c  a c i d  (35 ml) ,  formaldehyde 

(3.48 ml) and dimethylamine (7.62 m l ) .  T h e  r e a c t i o n  mixture  w a s  then s t i r r e d  a t  

room temperature under n i t rogen  f o r  24 h r .  

The s o l u t i o n  w a s  concentrated on a rotary-evaporator and the r e s i d u e  

d i l u t e d  w i t h  water  (100 m l ) ,  made a l k a l i n e  w i t h  6N NaOH and e x t r a c t e d  w i t h  chloro- 

form (2 x 50 m l ) ;  t h e  e x t r a c t s  were d r i e d  over anhydrous sodium s u l f a t e  (Na2S04) 

and evaporated.  

i.r. (CHC13) 3460 an-'; n.m.r. (CDC13) 6 1 . 2 7  (t, J = 7.0 Hz; 3H,  -CH2CH3), 2 .27  

The crude product w a s  obtained as a l i g h t  brown o i l  (8.76 g) :  

(s, 6H, N(CH3)2)y 2.75 (9, J = 7.0 Hz, 2H, -CH2CH3), 3.62 ( s ,  2H, -CH2N), 7.0 

(m, 3H, a romat ic ) ,  7.5 (m, l H ,  aromatic) ,  8.61 (b.s . ,  l H ,  NH). The compound w a s  

used without  f u r t h e r  p u r i f i c a t i o n  i n  the prepara t ion  of the  quaternary amine 1p. 

3-(N,N-Dimethylaminomethyl)-l-ethylindole, Lc. 

3-(N,N-Dimelthylaminomethyl)indole (10) (75 g,  0.49 mole) was d isso lved  

i n  anhydrous dimethylformamide (DMF) (1.0 1). Benzene (50 ml) was added and 

d i s t i l l e d  off  t o  remove any t r a c e s  of water.  

and sodium hydride (22 g of a 59% dispers ion)  was added. 

a t  0' f o r  1 h r ,  then e t h y l  bromide (40 ml) w a s  added dropwise. 

30 min a t  O o ,  the  r e a c t i o n  m i x t u r e  w a s  poured on crushed i c e  and ex t rac ted  with 

chloroform. The chloroform e x t r a c t  was washed with water and e x t r a c t e d  wi th  10% 

HC1. The combined a c i d i c  e x t r a c t  was made a l k a l i n e  w i t h  6N NaOH and e x t r a c t e d  

The s o l u t i o n  w a s  then cooled t o  0' 

The mixture  was  s t i r r e d  

Af te r  s t i r r i n g  f o r  

wfth ether. 

s o l v e n t  evaporated t o  give a brown o i l  (40 9): i . r .  (CHCL,) showed no v (NH) 

v i b r a t i o n ;  n.m.r. (CDC13): 61.38 ( t ,  J 

2H, CI12CH3). 

of the quaternary amine c .  

7-Ethyl-3- (N,N,N-trimethylaminomethyl) indole  methylsulf  a t e ,  b .  

The e t h e r  e x t r a c t  was washed w i t h  water ,  d r i e d  over Na2S04 and t h e  

7.5 Hz, 3H, CH2Cg3), 3.90 (4, J 7.5 Hz, 

The compound was used without f u r t h e r  p u r i f i c a t i o n  i n  t h e  formation 

The crude gramine Lb, (8.26 g,  50.6 m o l e )  was dissolved in tetrahydro-  

f u r a n  (THF) (190 ml) containing g l a c i a l  a c e t i c  ac id  (5.75 ml) and cooled t o  0'. 

A s o l u t i o n  of d imethylsu l fa te  (18.2 ml) and a c e t i c  a c i d  (5.75 ml) i n  tetrahydro- 
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fu ran  (16 ml) w a s  added dropwise. 

and remain a t  room temperature  f o r  24 hr. 

T h e  r e a c t i o n  mixture was allowed t o  w a r m  t o  

The r e s u l t i n g  s o l i d  was  c o l l e c t e d  by f i l t r a t i o n  and washed w i t h  THF and 

r e c r y s t a l l i z e d  several t i m e s  from e thano l .  

white c r y s t a l l i n e  compound (8.65 g ,  64%):  m.p. 152-153'; i . r .  (nu jo l )  3250, 1195 

cm ; n.m.r. (DMSO) 6 1.3 ( t ,  J = 7.0 Hz, 3 H ,  -CH2Cz3), 2.9 (4,  J = 7.0 Hz, 2H, 

CE12CH3), 3.05 (s,  9H, N(CH3)3), 3 .4  ( s ,  3H,  OCH3), 4 . 7  ( s ,  2H, CH2 - N), 7.1 - 7.7 

The pure  product  w a s  ob ta ined  a s  a 

-1 

(m, 4H, a romat i c ) .  

1-E thyl-3- (N,N,N-trimethylaminome t h y l )  i n d o l e  me t h y l  s u l f a t e ,  c .  

The gramine l-c, (40 g ,  0.25 moles) w a s  t r e a t e d  w i t h  d i m e t h y l s u l f a t e  

(100 ml) a s  desc r ibed  above and the t i t l e  compound was ob ta ined  as a wh i t e  

c r y s t a l l i n e  s o l i d  (38.7 g ,  69%): m.p. 156-8'; i . r .  (nu jo l )  1245 an-'; n.m.r. 

(DMSO) 6 1.42 ( t ,  J = 7Hz, 3H, CH2CH3), 3 .09 (s, 9H, N(CH3 3, 3.45 ( s ,  3H, 

CH30S03), 4.3 (9, .J = 7Hz, 2H, CH2CH3), 4.73 (s, 2H, CH2N) 

7-Ethylind01e-3-[1'-~~C]acetonitrile, 2b.  

The quaternary m i n e  2 b  (3.26 g ,  9.93 m o l e ) ,  was d i s s o l v e d  in water  

(50 ml) and [14C]potassium cyanide (30.0 m C i ,  0.648 g,  9.93 m o l e ) ,  d i s so lved  i n  

water  (5 m l ) ,  w a s  added. The r e a c t i o n m i x t u r e  w a s  r e f l u x e d  f o r  5 hr and s t i r r e d  

at  room temperature f o r  1 6  hr. The r e a c t i o n  m i x t u r e  was e x t r a c t e d  w i t h  ether 

(3 x 70 m l )  and t h e  combined ether e x t r a c t s  washed w i t h  w a t e r  (70 m l ) ,  d r i e d  over 

anhydrous magnesium s u l f a t e  (MgS04) and evaporated t o  dryness .  The crude product  

was obtained a s  a l i g h t  brown s o l i d  (1.83 g ,  100%) and d i d  n o t  r e q u i r e  f u r t h e r  

p u r i f i c a t i o n  f o r  the nex t  r e a c t i o n .  

The n i t r i l e  when r e c r y s t a l l i z e d  from ether-hexane gave the fo l lowing  

d a t a :  m.p. 105-105.5°; i.r. (CHC13) 3450, 2240 an-'; n.m.r. (CDC13) 6 1.35 (t, 

J 7.0 Hz, 3H,  CH2C€13), 2.88 (4,  J = 7.0 Hz, 2H, C€12CH3), 3 . 8  ( s ,  2H, CH2CN), 

7.3 (m, 4H a romat i c ) ,  8.2 (b.s. ,  l H ,  NH). 

1-E thylind01e-3-[1'-~~C]acetonitr i l e ,  2 c .  

The pure  qua te rna ry  gramine Lc (8.11 g ,  24.7 mmole) was  allowed t o  r e a c t  

w i t h  [ l 4 C X C N  (50 m C i ,  1 .50 g ,  23.1 mmole) as desc r ibed  above. 

(4.34 g ) ,  a mixture  of the two isomeric  n i t r i l e s  z c  and 4-, w a s  hydrolyzed without  

p u r i f i c a t i o n  t o  t h e  i n d o l e a c e t i c  a c i d  5 c ;  t h e  n i t r i l e  

The product  

d i d  not  hydrolyze under 



1 4  14 I CIPyrano- and Thiopyranoindoze, [I- CIIndene and 14ClIndenopyran 419 

t b s e  c o n d i t i o n s  and could be removed in the work-up. 

I n  a p r e p a r a t i o n  u s i n g  un labe l l ed  KCN, t h e  two n i t r i l e s  w e r e  s epa ra t ed  

by column chromatography on s i l i c a  gel  us ing  30% ace tone  i n  hexane. The minor 

p roduc t ,  2-cyano-1-ethyl-3-methylindole 4 w a s  ' e lu t ed  f irst  and ob ta ined  i n  35% 

y i e l d :  i.r. (CHC13) 2200 cm-'; n.m.r. (CDCl3) 6 1.37 (t, J = 7HZ, 3H, T C g 3 ) ,  

2.44 (s, 3H,  CH3), 4.17 (9, J 7HZ, 2H, CH2CH3), 7.0 - 7.7 (my 4H, a romat i c ) .  

The major component of t h e  mix tu re  w a s  t h e  d e s i r e d  n i t r i l e  Jc, ob ta ined  i n  65% 

y i e l d :  i . r .  (CHC13) 2250 an ; n.m.r. (CDC13) 6 1.38 ( t ,  J = 7H2, 3 H ,  CH2CE3), 

3.75 (s, 2H, CH2CN), 4.10 (4, J = 7Hz, 2H, CI12CH3), 7 .1  (m, l H ,  NCH), 7.2 - 7 . 7  

(m, 4H, a romat i c ) .  

7-Ethylind01e-3-[l'-~~C]acetic a c i d ,  5b .  

The crude n i t r i l e  Jb (1.83 g 8.9 m o l e )  w a s  r e f l w e d  i n  6N sodium 
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hydroxide s o l u t i o n  (45 ml) f o r  6 hr. 

temperature ,  e x t r a c t e d  w i t h  e t h e r  (2 x 50 ml) and t h e  e x t r a c t s  d i sca rded .  The 

aqueous phase was then a c i d i f i e d  w i t h  co ld  concen t r a t ed  hydroch lo r i c  a c i d  and 

e x t r a c t e d  w i t h  e t h e r  (3 x 50 ml ) .  The e t h e r  e x t r a c t s  were combined, washed w i t h  

water ,  d r i e d  over  Na2S04 and evaporated t o  dryness .  

by a z e o t r o p i c  d i s t i l l a t i o n  w i t h  benzene (3 x 70 m l )  and used wi thou t  f u r t h e r  

p u r i f i c a t i o n .  The crude a c i d  weighed 2.22 g (100%). 

The r e a c t i o n  mix tu re  was cooled t o  room 

The r e s i d u e  was d r i e d  f u r t h e r  

A sample of t h e  un labe l l ed  a c i d  when r e c r y s t a l l i z e d  from ether-hexane 

gave t h e  fo l lowing  da ta :  m . p .  158-159'; i . r .  (nu jo l )  3380, 1695 an-'; n.m.r. 

(DMSO) 6 1.25 ( t ,  J = 7.0 Hz, 3H, C%CI13), 2.8 (9,  J = 7.0 Hz, 2H, Cg2CH3), 3.59 

(s, 2H, CH2), 7.0 (m, 4H, a romat i c ) ,  10.0 (b.s . ,  l H ,  COOH), 10.6 (b.s.  , l H ,  NH). 

l-Ethylindole-3-[1 r-14C]acetic a c i d ,  Zc. 

The crude n i t r i l e  c (4.34 g ,  21.4 m o l e )  was hydrolyzed t o  t h e  t i t l e  

compound in  70 m l  r e f l w i n g  20% aqueous KOH a s  desc r ibed  above. 

(2.94 g )  was  ob ta ined  a s  a l i g h t  brown o i l  that c r y s t a l l i z e d  on s t and ing .  

Ind0le-3-[1'-~~C]ethanol, &a. 

The a c i d  z c  

Ind0le-3-[1 ' -~~C]acet ic  a c i d  ?a (5 m C i ,  565 mg, 3.23 m o l e )  d i s s o l v e d  i n  

anhydrous THF was added t o  a s t i r r e d  suspension of l i t h i u m  aluminum hydr ide  (LAH) 

(245 mg) i n  10  m l  THF a t  0'. 

and s t i r r e d  f o r  3 hr. 

The r e a c t i o n  mix tu re  w a s  brought t o  room temperature  

The mix tu re  was cooled t o  0' and t h e  excess  LAH was 
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destroyed by addi t ion  of w e t  THF. 

and washed w i t h  chloroform. 

dr ied  over Na2S04 and evaporated t o  dryness. 

a s  an o i l ,  was homogeneous by TLC (hexane-acetone 7:3) and s p e c t r a l l y  i d e n t i c a l  

t o  t h e  material prepared by an alternative route (1, 2a). 

7-Ethylind01e-3-[1'-~~C]ethanol , kb.  

The inorganic  s a l t s  were removed by f i l t r a t i o n  

The f i l t r a t e  was washed with s a t u r a t e d  s a l i n e  so lu t ion ,  

The t r y p t o p h o l k a  (415 mg), obtained 

The procedure descr ibed above was a l s o  used t o  reduce the a c i d  z b  

(2.22 g ,  10 mole) with  LAH (1.54 g, 40 m o l e )  i n  40 m l  anhydrous THF. The t i t l e  

compound (1.89 g )  was obtained as an o i l ,  homogeneous by TLC (hexane-acetone 7:3) 

and i d e n t i c a l  t o  the  t ryptophol  prepared by an alternative route  (2a). 

l-Ethylindole-3-[1'-14C]ethanol, kc. 
The same procedure was used t o  reduce the ac id  s c  (2.94 g, 15.1 m o l e )  

with WLH (2.5 g ,  66 m o l e )  i n  anhydrous THF (70 ml) .  

homogeneous by TLC (hexane-acetone 7:3), was i d e n t i c a l  t o  t h e  t ryptophol  prepared 

by an a l t e r n a t i v e  route  (3a). 

~3-14C]-1-n-Propyl-1,3 ,4,9-tetrahydropyrano[3,4-b]indole-l-acetic a c i d  (prodolic 

- a c i d ) ,  ga. 

The t i t l e  compound (2.69 g) ,  

The tryptophol  &a (415 mg, 2.58 m o l e ) ,  e t h y l  bu tyry lace ta te  (532 mg, 

337 mmole), and benzene (50 m l )  were ref luxed f o r  10 min i n  a Dean-Stark apparatus. 

Boron t r i f l u o r i d e  e t h e r a t e  (10 drops) was added dropwise t o  the boi l ing  mixture  

and the  re f lux ing  was continued f o r  2 hr. 

washed with water, 5% sodium bicarbonate ,  water, d r i e d  over Na2S04 and concentrated. 

After  cool ing,  t h e  benzene s o l u t i o n  was 

The r e s u l t i n g  ester l a  (400 mg) was dissolved i n  40 m l  methanol and 

ref luxed a f t e r  addi t ion  of t h e  an t iox idant ,  2,6-di-tert-butyl-4-methylphenol (BHT) 

(0.1 mg) and potassium hydroxide (250 mg) dissolved i n  2 m l  of water. Upon 

completion of t h e  hydrolysis ,  as determined by TLC (hexane-ethylacetate 8:2) , t h e  

methanolic so lu t ion  w a s  concentrated, t h e  res idue was dissolved i n  20 m l  water, 

cooled t o  Oo, a c i d i f i e d  with 6N hydrochlor ic  a c i d  and ex t rac ted  w i t h  benzene. 

organic  layer  was  d r i e d  over Na2S04 and concentrated. 

r e c r y s t a l l i z e d  from benzene; a t r a c e  of BHT was added t o  the benzene t o  i n h i b i t  

hydroperoxide formation during the r e c r y s t a l l i z a t i o n .  

The 

The r e s u l t i n g  s o l i d  was 
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[14C]Prodolic a c i d  (233 mg, s p e c i f i c  a c t i v i t y  1.56 mCi/mmole) , 
r e c r y s t a l l i z e d  t o  constant  mel t ing  poin t  (150-151°) , was obtained i n  26% o v e r a l l  

y i e l d .  

radiography (12) i n  two so lvent  systems, v i z .  methylcyclohexane-acetone-acetic 

a c i d  70:30:0.5, and benzene-ethanol-acetic a c i d  80:12:5. 

13- 
ethanamine (tandamine hydrochloride) lo. 

The compound was 99% radiochemically pure as determined by TLC-auto- 

14 C]-9-Ethyl-lY3, 4 , 9-tetrahydro-N,NY l-trimethylthiopyrano[3 , 4-blindole-l- 

To the t h i o s u l f a t e  s b  (1.80 g ,  5.67 m o l e )  was added (1-N,N-dimethyl- 

amino)-butan-3-one (1.2 g) dissolved in 20 m l  anhydrous toluene and BF3-etherate 

(5 ml) .  T h e  reac t ion  mixture was s t i r r e d  a t  room temperature f o r  18 h r ,  then 

quenched by t h e  addi t ion  of 5% aqueous NaHC03 (20 ml) and ex t rac ted  w i t h  chloro- 

form. 

50 m l  ether and ex t rac ted  w i t h  10% aqueous HC1; t h e  aqueous layer  was  separated,  

made a l k a l i n e  with 1 O X  aqueous NaOH and ex t rac ted  with e t h e r .  

d r i e d  over Na2S04 and evaporated t o  give 320 mg of the  crude amine lo. 
was p u r i f i e d  by prepara t ive  TLC (chloroform-methanol 9:1), converted t o  the 

hydrochloride sa l t  with e t h e r a l  H C 1  and r e c r y s t a l l i z e d  from methanol. 

The organic  e x t r a c t  was  d r ied  over Na2S04, concentrated,  dissolved in 

The e x t r a c t  w a s  

The amine 

[14C]Tandamine hydrochloride 2 (145 mg, specff i c  a c t i v i t y  

2.15 mCi/mmole) was  obtained in 3% o v e r a l l  y i e l d  from the  t ryptophol  kc .  The 

radiochemical p u r i t y  was 99% as determined (12) by TLC-autoradiography i n  two 

d i f f e r e n t  solvent  systems, v i z .  chloroform-methanol 9 : l  and benzene-acetone- 

t r ie thylamine 6 : 13 : 1. 

~l-14Cl-3-Phenylpropionic a c i d  , 12. 
The carbonation r e a c t i o n  was  c a r r i e d  out on a vacuum line according t o  

the general  procedure described by Dauben e t  a l .  (13). 

bromide 2, was generated by c a r e f u l  addi t ion  of 2-phenylethylbromide (2.13 g ,  

11.5 m o l e )  t o  magnesium turnings (280 mg, 11.5 m o l e )  with e t h e r  a s  so lvent .  On 

completion of the  r e a c t i o n ,  t h e  reagent was frozen with l i q u i d  n i t rogen  and the  

e n t i r e  system including the  C02-generator (a f l a s k  containing 50 m C i ,  1.975 g or  

10 m o l e  [14C]BaC03 f i t t e d  with a dropping funnel  containing 10 m l  s u l f u r i c  ac id)  

was evacuated t o  0.4 mm of Hg. 

2-Phenylethyl magnesium 
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After  degassing the so lu t ion  (by r a i s i n g  the temperature t o  -25' 

followed by cooling to  -195' and repeat ing this 3 times) t h e  vacuum system was 

disconnected from the pump and the  temperature of the  r e a c t i o n  mixture  was brought 

t o  -25'. 

C02. 

temperature of t h e  r e a c t i o n  mixture  was again reduced t o  -195' t o  t r a p  a l l  the 

[14C]C02 i n  the  system. 

temperature r a i s e d  t o  -25' and the so lu t ion  was s t i r r e d  f o r  45 m i n .  

14 The s u l f u r i c  a c i d  w a s  then added dropwise t o  the  [ C]BaC03 to  generate  

Upon completion of the  reac t ion  between BaC03 and s u l f u r i c  a c i d ,  t h e  

The f l a s k  was then disconnected from the system, t h e  

After  re leas ing  the  vacuum, 10% H C 1  was added t o  the reac t ion  mixture 

and ex t rac ted  with e t h e r .  

NaOH which w a s  a c i d i f i e d  w i t h  concentrated HCL a t  0' and reext rac ted  with e t h e r .  

The f i n a l  e ther  e x t r a c t  was washed with sa tura ted  s a l i n e  so lu t ion ,  dr ied  over 

MgS04 and concentrated. 

c r y s t a l l i n e  s o l i d  (1.297 g, 86%). In another experiment, an a d d i t i o n a l  0.546 g 

of t h e  l a b e l l e d  ac id  g w a s  prepared. 

[l- ClIndan-1-one, =a (7) .  

The e t h e r  f r a c t i o n  was then ex t rac ted  w i t h  10% aqueous 

[l-14C]-3-Phenylpropionic ac id  12 w a s  obtained a s  a 

14 

The [1-14C]phenylpropionic a c i d  12 (1.85 g, 12 .3  mole) was t ransfer red  

Hydrogen f l u o r i d e  (10 ml) 

The v ia l  w a s  capped and 

t o  a 15 ml p l a s t i c  v i a l  containing a magnetic stirrer. 

from a precooled cyl inder  was condensed i n t o  the v i a l .  

the so lu t ion  was s t i r r e d  a t  room temperature f o r  20 hr. The cap was  removed and 

most of the HF was blown of f  w i t h  a stream of n i t rogen .  The remainder was 

dissolved i n  e t h e r  and poured i n t o  ice-cold 10% aqueous NaOH. 

so lu t ion  w a s  ex t rac ted  w i t h  e t h e r  and the combined e t h e r  e x t r a c t s  w e r e  washed 

The a l k a l i n e  

with water, s a l i n e ,  d r ied  over MgS04 and concentrated. 

as a c r y s t a l l i n e  s o l i d  (1.12 g) .  

The indanone was obtained 

Unreacted ac id  was recovered by ex t rac t ion  of the a c i d i f i e d  aqueous 

phase with e t h e r  and the  condensation r e a c t i o n  was repeated giving more of ketone 

- 13a. 

~l-14C]-l-hdanol, g b .  

The f i n a l  y i e l d  of [l-14C]-l-indanone was 1.42 g (87%). 

The [l-14C]indan-l-one =a (1.42 g ,  10.7 m o l e )  was dissolved i n  

methanol (25 ml) and cooled t o  0'. Sodium borohydride (1.5 g) was added port ion-  

wise and the  s o l u t i o n  w a s  s t i r r e d  a t  room temperature f o r  1 hr. The r e a c t i o n  
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mixture w a s  then cooled,  d i l u t e d  with 1 O O m l  water  and e x t r a c t e d  w i t h  e t h e r .  The 

combined ether e x t r a c t s  w e r e  washed w i t h  water ,  d r i e d  over  N a  SO and concen t r a t ed .  

The a l c o h o l  z b  was ob ta ined  a s  an  o i l  (1.49 g )  and w a s  homogeneous as determined 

by TLC (chloroform): i . r .  (CHC13) 3560, 3390 an-'. 

[l- C]-Indene, J4-a (9) .  

2 4  

1 4  

The rl-14C]-indanol G b  (1.49 g ,  10.7 m o l e )  was r e f l u x e d  w i t h  s t i r r i n g ,  

f o r  1 hr i n  cyclohexane (50 m l )  con ta in ing  a suspension of 150 mg h b e r l y s t  15 

(BDH Laboratory Reagents) ,  a s t r o n g  c a t i o n  exchange r e s i n  (4).  

mix tu re  was t h e n  cooled,  f i l t e r e d  through c e l i t e ,  washed w i t h  water and concen- 

t r a t e d .  

(CHC13) no (OH) abso rp t ion ;  i d e n t i c a l  w i t h  indene r e f e r e n c e  spectrum. 

Ir1dene-3-[l'-~~C]ethanol, J4-c. 

The r e a c t i o n  

The r e s u l t i n g  indene g a  (1.4 g) was homogeneous by T L C  (benzene):  i . r .  

The [l-14C]indene J4-a (1.4 g )  w a s  d i s so lved  i n  3 m l  of d ry  to luene  and 

added under d ry  n i t r o g e n  t o  a co ld  s o l u t i o n  of ethylmagnesium bromide (5.2 m l  of 

3M s o l u t i o n  i n  e t h e r )  i n  7 m l  of d r y  to luene .  The e t h e r  was d i s t i l l e d  o f f  under 

reduced p r e s s u r e  and t h e  r e a c t i o n  mix tu re  was s lowly brought t o  95O, kep t  a t  this 

temperature  f o r  15  min, then r a i s e d  and maintained a t  logo ,  w i t h  s t i r r i n g ,  f o r  

2 h r  du r ing  which t ime a p r e c i p i t a t e  w a s  formed. 

cooled t o  -10' and e thy lene  ox ide  (1.1 g) , d i s so lved  i n  4 m l  anhydrous e t h e r ,  was 

s lowly added. The mix tu re  was s t i r r e d  a t  roam temperature  f o r  18 hr, cooled t o  

0' and quenched w i t h  a s a t u r a t e d  ammonium s u l f a t e  s o l u t i o n  (3.3 ml) fol lowed by 

9 m l  of 10% s u l f u r i c  a c i d ;  the temperature  was always kept  below 10'. 

phase w a s  e x t r a c t e d  w i t h  ether and t h e  combined e t h e r  e x t r a c t s  were washed w i t h  

wa te r ,  d r i e d  over  Na2S04 and concentrated.  

The r e a c t i o n  m i x t u r e  was t h e n  

The aqueous 

The product  (2.0 g )  c o n s i s t e d  p r i m a r i l y  o f .  t h e  indenethanol  g b  [(n.m.r. 

(CDC13) 6 3.5 (m, l H ,  =CCH), 6.6 (m, 2H, CH=CH)I, which was  isomerized t o  the 

t i t l e  compound i n  the  fol lowing manner. The crude product  w a s  r e f l u x e d  i n  8% 

aqueous methanol ic  KOH f o r  5 . 5  hr .  The methanol s o l u t i o n  was concen t r a t ed ,  

d i l u t e d  w i t h  water (50 m l )  and e x t r a c t e d  wi th  e t h e r .  The combined e t h e r  e x t r a c t s  

were washed w i t h  d i l u t e  aqueous HC1,  d r i e d  over  Na2S04 and concentrated t o  g i v e  a 

p a l e  brown o i l  (1.49 9 ) .  T h i s  was  chromatographed on a s i l ica  gel column (100 g) 

using chloroform-methanol (95:5) a s  t h e  e l u a n t  and the t i t l e  compound e c  (600mg) 
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was i s o l a t e d :  n.m.r. (CDC13) 6 3.3 6, 2H, CH2 indene), 6.30 (m, l H ,  =CH). 

1. 14 C]-1,3,4,9-Tetrahydro-N,N-l-trimethylindeno[2, 1-clpyran-1-ethylamine hydro- 

chlor ide,  (pirandamine hydrochloride) g. 
The p u r i f i e d  indenethanol Z c  was dissolved i n  20 m l  anhydrous toluene; 

1-(N,N-dimethylamino)-butan-3-one (1.8 m l )  and BF3-etherate (10 m l )  were then 

added and the s o l u t i o n  was s t i r r e d  a t  room temperature f o r  24 hr .  

was quenched by slow addi t ion  of 10% aqueous NaOH and ex t rac ted  w i t h  e t h e r .  

combined e t h e r  phases was ex t rac ted  with 10% aqueous HC1 which, i n  tu rn ,  was 

washed with e t h e r  t o  remove a l l  n e u t r a l  material. 

made a l k a l i n e  with cold 10% aqueous NaOH and ex t rac ted  w i t h  e t h e r .  

extract was d r i e d  over Na2S04 and concentrated t o  g ive  510 mg of t h e  crude amine 

15. 

The r e a c t i o n  

The 

The a c i d i c  aqueous phase was 

The e t h e r  

- 
The amine w a s  p u r i f i e d  by p r e p a r a t b e  TLC (chloroforminethanol 9:l) and 

converted t o  t h e  hydrochloride sa l t  with etheral HC1. 

from ethanol ,  [14C]pirand~ine hydrochloride 2 (170 mg, s p e c i f i c  a c t i v i t y  

4.70 mCi/mmole) was obtained i n  5% o v e r a l l  y i e l d  from [14C]BaC03. 

chemical p u r i t y  of the f i n a l  product  w a s  99X as determined (12) by TLC-auto- 

radiography i n  two d i f f e r e n t  so lvent  systems, v i z .  chloroform-methanol 87:13, 

and benzene-acetone-triethylamine 7:3:1. 

Af te r  two r e c r y s t a l l i z a t i o n s  

T h e  radio- 
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