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SYNTHESIS OF PSILOCIN LABELLED WXTH 1 4 C  AND 3H 
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SLMMARY 

t r y p t a i n e )  , t h e  p r i n c i p a l ,  a c t i v e  a g e n t  o f  h a l l u c i n o g e n i c  
m u s h r o a s ,  was s y n t h e s i z e d  Cran 2 - m e t h y l - 3 - n i t r o p h e n o l  
4- b e n z y l o x  y i n d o l e .  C-Label led po t a  ssiun c y a n i d e  was r e a c t e d  
w i t h  b b e n z y l o x y g r a n i n e  ( o b t a i n e d  from 4 - b e n z y l o x y i n d o l e )  t o  

14C-4-benzyloxy-3-indold a c e t i c  a c i d ,  a n  i n t e r m e d i a t e  fo r  
“;:psllocin s y n t h e s i s .  3H-Label led l i t h i u n  a l u n i n i u n  
h y d r i d e  was used  to r e a c t  w i t h  4-benzyloxy-3-indole-N,N-dimethyl- 
g l y o x y l a n i d e  ( o b t a i n e d  from 4 - b e n z y l o x y f n d o l e )  t o  g i v e  

14C- and 3H-Label led  p s i l o c i n  (4-hydroxy-N,N-dimethyl- 

H - 4 - b e n z y l o x y - p s i l o c i n  which was d e b e n r y l a t e d  to form 3 H - p s i l o c i n .  

Key Words: P s i l c c i n ,  h a l l u c i n o g e n i c  mushrooms, p s y c h e d e l i c  d r u g .  

INTRODUCTION 

P s i l o c i n  (4+hydroxy-N,N-dhethylt?yptamine) (1 ) is a p r i n c i p a l ,  a c t i v e  

c h e m i c a l  of h a l l u c i n o g e n i c  mushrooms’ which a r e  w i d e l y  s e l f - a c h i n i s t e r e d  b y  man 

as a p s y c h e d e l i c  drug 

o f  C e n t r a l  h e r i c a .  

i n  t h e  P a c i f i c  Nor thwes t  o f  North  k n e r i c a  and many p a r t s  

There is a p a u c i t y  

( 1 )  

o f  i n f o r m a t i o n  on t h e  c h e m i c a l  s y n t h e s i s  o f  p s i l o c i n .  

U n l a b e l l e d  p s i l o c i n  was first p r e p a r e d  c h e m i c a l l y  by S to l l  e t  a1.2 a c c o r d i n g  t o  

Scheme I: 
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SCHEME I 

l4C-Labelled ps i loc in  has prepared by Kalberer e t  a l . '  with a simi lar  

scheme. They treated 4-benzyloxygranine-methiodide (2 )  with K14CN to fonn 

C4-benzylox y-3 - indo leaceton i t r i l e  ( 3  ) , an intermediate o f  14C-psilocin 

synthesis. The major drawbacks o f  Scheme I include the many synthetic steps and 

the d i f f i c u l t y  o f  obtaining a s u f f i c i e n t  amount o f  intermediate (2)  to carry out 

the next reaction. 
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This canmunication descr ibes an improved method for ’ ‘C-psi locin synthes is  

and a procedure for 3 H - p s i l o c i n  preparat ion.  

HESLKTS AND DISCUSSION 

Synthesis o f  “C- label led p s l l o c i n  was accomplished b y  Scheme 11: 

OBz : OCH2C6B5 

SCHEM I1 

The f i r s t  stage o f  t h i s  synthes is  i nvo l ved  the r e a c t i o n  o f  

2-methyl-3-nftrophenol (4)  with tris(dimethylamino)methane ( 5 ) .  The product 

thus formed (not i s o l a t e d )  was t rea ted  wf th  semicarbazide h N r o c h l o r i d e  t o  g i v e  

the  sernfcarbazone ( 6 ) ,  as descr ibed by  Kruse‘. C y c l i z a t i o n  o f  ( 6 )  w i t h  

amnonlacal f e r rous  sulphate achieved the  4-benry loxy indole (7). Treatment o f  
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( 7 )  wi th  dimethylamine gave 4-benryloxygramine (8)  which when ref luxed w i th  

K14CIU over a period o f  80 hr, followed by  a c i d i f i c a t i o n  o f  the solut ion,  

immediately yielded ‘‘C-4-benzyloxy-3-indole acet ic acid ( 9 ) .  Tmatment o f  (9)  

wi th  phosphorus pentachloride and dimethylamine gave ‘‘C-4-benzyloxy-3-indole- 

dimethylacetamide (10). Reduction o f  (10) w i th  l i t h i u n  aluniniun h f l r i de  

followed by hyirogenation w i th  pal ladiun as a ca ta lys t  gave the required product 

“ + ~ - p s i ~ . o c i n  ( 1 ) .  

Chemical synthesis o f  14C-psi locin w i th  Scheme I1 has a t  l eas t  two advantages 

over Scheme I: (a) Scheme I1 is shorter than Scheme I by three steps. 

Therefore, the ove ra l l  react ion time required f o r  ‘‘C-psilocin synthesis is 

grea t l y  shortened. Scheme I requires the conversion o f  compound ( 8 )  t o  compound 

(2) and compound ( 3 )  t o  compound ( 9 ) .  Each o f  these react ions needs a t  leas t  24 

hr. These react ions are not required by Scheme 11. (b )  The overa l l  y i e ld  o f  

’‘C-psilocin is grea t l y  increased because o f  improved y ie lds  o f  the 

intermediates. I n  our laboratory, the  y ie ld  o f  compound (7) Is about 45% by  

Scheme I1 as compared t o  <lo% by Scheme I. We also have <lo% y ie ld  i n  

converting compound (2) t o  compound (3) by Scheme I, although S t o l l  e t  al.’ and 

Kalberer et.3 have reported higher y ie lds  for t h i s  step. 

Synthesis o f  ’H-psi locin was accomplished by Scheme 111 as described by 

Masako e t  a1.5. 

OB z 

(7) 

H2/Pd @2‘ 3 /CH3 

‘CH3 - 
’ H  

(11) 
OBz:OCH2C6H5 

SCHEbE I11 
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Compound (7)  was f i r s t  t r e a t e d  with o x a l y l  c h l o r i d e  a t  5-IO'C f o r  1 hr  and 

then  with dimethylamine a t  room t empera tu re  for a f u r t h e r  30 min. The product  

t h u s  formed (12) was reduced b y  %-LiAlCHt+ and subsequent  debenzy la t lon  a f fo rded  

t h e  r e q u i r e d  3H-psi locin.  

The s y n t h e s i s  of 3H- labe l l ed  p s i l o c i n  is more s imple  t h a n  14C- labe l l ed  

p s i l o c i n  because on ly  t h r e e  s t e p s  are involved from t h e  i n t e r m e d i a t e  

benzyloxyindole  (7) t o  p s i l o c i n  and a l l  t h e  s t e p s  are i n  r easonab ly  good y i e l d s .  

EXPERIMENTAL 

I. 14C-PSILOCIN 

6-Benzyloxy-2-nitro-phenylacetaldehyde semicarbazone (6) 

A 500 m l  f l a s k  equipped with a r e f l u x  condenser was f l u s h e d  with N2 and 

charged with 50% sodiun hydr ide  d i s p e r s i o n  (4.8 g, 0.1 m). This  d i s p e r s i o n  was 

washed wi th  hexane (2 x 50 m l ) ,  t hen  suspended i n  d r y  d i m e t h y l f o r m a i d e  (50 m l )  

du r ing  t h e  slow a d d i t i o n  of  2-methyl-3-nitrophenol (4) (16 g, 0.1 m). T h e  r e d  

s o l u t i o n  was coo led ,  and benzyl c h l o r i d e  (12.3 g ,  0.11 m) was added r a p i d l y .  

The s o l u t i o n  was kep t  a t  90'C f o r  20 min. Tris(dimethy1anino)methane (5 )  

(21.75 g, 0.15 m) was added fol lowed by f u r t h e r  h e a t i n g  a t  115'C f o r  3 h r .  The 

mix tu re  was cooled and a s o l u t i o n  of semicarbazide hydroch lo r ide  (11.7 g,  0.1 m) 

and concen t r a t ed  HC1 (9 m l ,  0.1 m) i n  water (125 ml) was added. The mix tu re  was 

cooled and f i l t e r e d .  The p r e c i p i t a t e  was washed s e q u e n t i a l l y  with water (100 

m l ) ,  i ce -co ld  e t h a n o l  (150 ml) and e t h e r  (150 m l ) ,  t hen  d r i e d  t o  g i v e  25.2 g 

(77%) of compound (6), with mp 185-188°C (lit. 188-190"C5); mass spect. (C.1.) 

M/Z 329 (M+I)+. 

4-Benzyloxyindole (7 ) 

A mix tu re  of t h e  semicarbazone (6) (11.5 g, 0.03 m) i n  e t h a n o l  (40 ml ) ,  

amnonia (48 m l )  and water (20 m l )  was s t i r r e d  a s  a mix tu re  of f e r r o u s  s u l p h a t e  

(63 g, 0.26 m) and b o i l i n g  water (75 m l )  was added. After b o i l i n g  for 1 h r ,  

e t h a n o l  was removed i n  vacuo. The mix tu re  was then  f i l t e r e d .  B o i l i n g  e t h y l  

acetate (100 m l )  was used for t h e  e x t r a c t i o n  and wash of t h e  b l a c k  p r e c i p i t a t e .  
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The combined e thy l  acetate ex t rac ts  were dr ied  and evaporated t o  g i ve  8.5 g o f  

b lack product. The crude product was p u r i f i e d  by passing i t  through a s i l i c a  

ge l  colunn, using CHC13 as the e l u t i n g  solvent. Removal o f  the solvent gave 

4.39 (58% y ie ld ) ,  o f  pure 4-benzyloxyindole, w i th  mp 69-71'C ( l i t .  70-71'C)4; 

mass spect. (E.1.) M/Z 223 (M+). 

4-Benzyloxygramine ( 8  

A cooled so lu t ion  o f  25% dimethylamine (4.25 m l ,  0.024 m) was added to  a 

so lu t ion  o f  cold 37% fona ldehy ie  (1.729, 0.021 m) i n  acet ic actd (39). The 

4-benzyloxyindole (7) (4.46 g, 0.02 m) was added t o  the ice-cooled mixture and 

was kept a t  37'C overnight. A t  the end o f  the reaction, NaOH (4 g) i n  water (30 

ml) was added w i th  vigorous s t l r r i n g .  The white p rec ip i t a te  formed was f i l t e r e d  

and rec rys ta l l i sed  from acetone:hexane (3:2, v/v)  t o  give 5.52 g (72.5% y ie ld )  

o f  compound (8). Mass spect. (C.1) M/Z 281, (M+I)+. Microanalysis calc. for 

C l ~ H 2 ~ ~ 0  C:77.11; H:7.19; N:9.99%. Found f o r  C:77.09; H:7.32; N:9.9%. 

''C-4-Benzyloxy-3-indole-acetic acid (9) 

The k4CN (1.2 q, 54 di mmol-l) and unlabel led KCN (2.32 g, 0.035 mf nere 

dissolved i n  water (5 ml) and were ref luxed with 4-benzyloxygrmine ( 8 )  (1.95 g, 

7 .14~10 '~  m) i n  ethanol (15 m l )  f o r  80 hr. A t  the end o f  the reaction, water 

(10 ml) was added and the so lu t ion  wds f i l t e r e d  and concentrated t o  about 15 m l  

under reduced pressure. The mixture was cooled and the p rec ip i t a te  was 

f i l t e r e d .  To the f i l t r a t e ,  conc. HC1 was added a t  5-10°C, u n t i l  the so lu t ion  

reached a pH o f  1-2. The product was f i l t e r e d  and dr ied  under vacuum. The 

y ie ld  o f  compound ( 9 )  i s  0.92 g (46%) and the mass spect. ( E . I . )  M/Z 281 (M+). 

It was used for the next preparation without fu r ther  pu r i f i ca t i on .  

14C-4-Benzyloxy-3-indole-N,N-dimethylacetamide (10) 

The crude acid (518 mg, 1.85 x m) was suspended i n  anhyirous ether (25 

m l )  and s t i r r e d  a t  O'C w i th  phosphorus pentachloride (600 mg) u n t i l  a c lea r  

so lu t ion  was obtained. This so lu t ion  was cooled while a 10% so lu t ion  o f  

dimethylamine i n  anhyirous ether (30 ml) was added. The mixture was s t i r r e d  for 

30 m i n .  A t  the end o f  the reaction, the so lu t ion  was neutral ised w i th  saturated 
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NaHCaj and the product was extracted with chloroform (3x30 ml). Af ter  removal of 

the solvent, the residue was c rys ta l l i sed  from benzene. The y ie ld  o f  compound 

(10) was 340 mg (60%). 

''C-4-Benzyloxy-N ,N-dimethyltr yptamine (1 1 

The anide (10) was dissolved i n  anhydrous THF and the solut ion was added w i th  

s t i r r i n g  and cool ing t o  LiAllG, (100 mg) suspended i n  THF (10 ml). The mixture 

was s t i r r e d  fo r  3 hr a t  0°C. Excess LiAlth, was caut iously removed with water. 

20% NaOH was added and the reduction product was extracted with ether, and 

recrys ta l l i sed  from etherlpet. ether (bp 40-6O'C). The y ie ld  o f  compound (11) 

i s  280 mg, (87%). 

l 4 ~ - p s i 1 o c i n  (1) 

A slow stream of hydrogen was bubbled through a so lu t ion  o f  compound (11) 

dissolved i n  ethanol (30 ml) i n  the presence o f  pal ladiun ca ta lys t  (10% 

charcoal, 25 mg). The react ion was s t i r r e d  for 7 hr a t  room temperature and 

pressure. The ca ta lys t  was f i l t e r e d  o f f  and, the f i l t r a t e  was concentrated to  a 

few m i l l i l i t r e s .  The product was pu r i f i ed  by preparative TLC plate, using 

water:acetic acid:butan-1-01 (5: 1:4) as the e lu t i ng  solvent. 14C-psi locin was 

extracted from the p la te  wi th anhylrous ethanol (3x75 m l ) .  Evaporation o f  the 

solvent gave 155 mg o f  compound (1) (80% yleld) wi th spec i f i c  a c t i v i t y  of 52 pCi 

mnol" . 

II.3H-PSILOCIN 

4-Benzylox y-3- indole-N ,N-dimeth ylgl j o x  yamide (1 2) 

To a solut ion of compound (7) (0.5 g, 2.24 ~ l O - ~ m )  i n  anhydrous ether was 

added oxa ly l  chlor ide (0.5 ml, 6 ~ 1 0 - ~  m) with s u f f i c i e n t  s t i r r i n g  a t  O'C and the 

mixture was s t i r r e d  a t  5-IO'C f o r  an addi t ional  1 hr. 

Af ter  cooling, the mixture was treated with dimethylamine (1  g i n  10 m l  

anhylrous ether) and s t i r r e d  a t  room temperature f o r  30 min. The prec ip i ta te  

formed was f i l t e r e d  and washed with ether. The product was dr ied under reduced 

pressure and was dissolved i n  a hot benzene/lnethanol solution. A f te r  cooling, 

pet. ether (bp 60'-80'C) was added t o  give compound (12) 510 mg i n  71% yield. 

Mass spect. (C.1.) M/Z 323 (M+l)+. 
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3H-4-Benzyloxy-N,N-dimethyltryptamine (11 

To a so lu t ion  o f  compound (12) (100 mg, 3 . 1 ~ 1 0 - ~  m) i n  anhydrous THF (15 ml) 

was added 3H-LiA1H4(0.5 mg, 437 mCi nnnol-') and unlabel led LZA~HI, (100 mg, 

2 . 6 ~ 1 0 - ~  m) i n  THF (10 ml) wi th s t i r r i n g .  The mixture was ref luxed f o r  3 hr. 

After standing overnight, the react ion mixture was cooled and the excess LiAlH4 

was decomposed with methanol. To the so lu t ion  was added saturated NazSO4 (3 ml) 

and the p rec ip i t a te  formed was removed by f i l t r a t i o n .  To the f i l t r a t e ,  5% 

t a r t a r i c  acid was added (20 ml), and the by  product was isolated w i th  ether 

(3x40 ml). The so lu t ion  was neutral ised w i th  4N NaOH and the product was 

extracted with chloroform (3x50 ml). A f te r  evaporation o f  the solvent, the 

residue was treated with pet. ether (bp 40'- 60°C) and gave the product o f  (11) 

i n  60 mg (67%) yield. Mass spect. (C.1.) M/Z 295 (Mt l )+.  

3H-4-Hydroxy-N ,N-dimethyltryptamine (Ps i loc in (1)  ) 

The compound (11) (60 mg) was treated with palladium and hydrogen as 

described previously. The y ie ld  was 25 mg (60%) and the spec i f i c  a c t i v i t y  was 

12 l l c i  m01-'. 
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