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SUMMARY 

(l), psora len  ( z ) ,  and a n g e l i c i n  (2 )  have been prepared by 
D20 and T20 exchange w i t h  s p e c i f i c  a c t i v i t i e s  o f  228-253 
mCi/mmol. T r i t i u m  labe led  4,5',8-trimethylpsoralen (1) 
w i t h  a s p e c i f i c  a c t i v i t y  o f  17.6 C i / m m l  was prepared by 
c a t a l y t i c  r e d u c t i o n  w i t h  t r i t i u m  gas f o l l o w e d  by dehydrogen- 
a t  ion.  
( l a )  w i t h  a s p e c i f i c  a c t i v i t y  o f  12.0 C i / m m l  was ob ta ined  
by r e d u c t i o n  o f  the  corresponding aldehyde w i t h  sodium bo ro -  
t r i t i d e  and e labo ra ted  t o  4'-aminomethyl-4,5',8-trimethyl- 
psora len  (5) 
methyl d e r i v a t i v e  fo l l owed  by the  Gabr ie l  s y n t h e s i s .  T r i -  
t i um l a b e l e d  8-methoxypsoralen (6 )  was prepared by demethyl-  
a t i o n  o f  un labe led  6 t o  the phenol f o l l owed  by m e t h y l a t i o n  
w i t h  t r i t i a t e d  methyl  i od ide .  

T r  i t i a t e d  4 '  -hydroxymethyl-4,5 I ,8- t r  i methyl  pso ra len  

(12.0 C i / m m l )  by convers ion o f  5 t o  the ch lo ro -  

Key Words : 4,5 ' ,8-Tr imethy lpsora l  en, Psoral  en, Angel i c i  n,  4 '  -Hydroxymethyl - 
4,5',8-trimethylpsoralen, 4'-Aminomethyl-4,5',8-trimethylpsoralen, 
8-Methoxypsoral en 

INTRODUCT I ON 

The l i n e a r  furocoumar in  d e r i v a t i v e s  known as psora lens a r e  used as medi- 

c i n a l  agents f o r  t he  t rea tmen t  o f  p s o r i a s i s ,  leukoderma and mycosis fungo- 

ides (1-31, as mo lecu la r  probes f o r  i n v e s t i g a t i n g  n u c l e i c  a c i d  secondary 

s t r u c t u r e  (4,5) ,  f o r  s t u d i e s  d e a l i n g  w i t h  b a c t e r i a l  and v i r a l  r e p a i r  mecha- 

nisms (6,7), and f o r  the i n a c t i v a t i o n  o f  DNA and RNA v i ruses  ( 8 ) .  Psoralens 

have been shown t o  i n t e r c a l a t e  w i t h i n  the double s t randed h e l i c a l  reg ions o f  

b o t h  DNA and RNA and, upon i r r a d i a t i o n  w i t h  320-380 nm l i g h t ,  undergo cova len t  

pho toadd i t i on  t o  the p y r i m i d i n e  bases o f  the n u c l e i c  ac id .  Some of the  psora- 

l e n - p y r i m i d i n e  adducts which r e s u l t  can undergo a second pho toadd i t i on  t o  a 

second p y r i m i d i n e  base, r e s u l t i n g  i n  a c r o s s l i n k i n g  o f  t h e  ad jacen t  s t rands  

(4,9). 

sult from t h i s  n u c l e i c  a c i d  r e a c t i v i t y  

The b i o l o g i c a l  e f f e c t s  o f  t h e  psora lens a re  c u r r e n t l y  thought t o  re-  
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To i n v e s t i g a t e  t h e  v a r i o u s  aspec ts  o f  t h e  p s o r a l e n - n u c l e i c  a c i d  i n t e r a c t i o n ,  

i t  i s  o f t e n  e s s e n t i a l  t o  have the  pso ra len  l a b e l e d .  I n  t h i s  r e p o r t ,  procedures 

f o r  the p r e p a r a t i o n  o f  deu te ra ted  and t r i t i a t e d  4,5',8-trimethylpsoralen ( I ) ,  - 
psora len  ( Z ) ,  angel  i c i n  ( 3 ) ,  4 ' -hydroxymethy l -4 ,5 '  , 8 - t r i m e t h y l p s o r a l e n  ( 4 ) ,  

4 ' -aminomethyl-4,5 '  , 8 - t r i m e t h y l p s o r a l e n  (5 ) ,  and 8-methoxypsoralen (6 )  a r e  

descr ibed.  
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RESULTS AND D I  SCUSS I ON 

4,5',8-Trimethylpsoralen undergoes a c i d  c a t a l y z e d  exchange i n  p -d ioxane w 

bo th  D20 and T20  (10 ) .  The deu te r ium o r  t r i t i u m  i s  i n c o r p o r a t e d  predominate 

bu t  n o t  e x c l u s i v e l y  a t  t he  4 '  p o s i t i o n .  W i th  D20, t he  PMR s i g n a l  f o r  the  4' 

pro ton  was depressed 30, 54,  and 100% f o l l o w i n g  6, 9 ,  and 2 4  hours under the  

t h  

V 

r e a c t i o n  c o n d i t i o n s .  Va r ious  o t h e r  p ro tons  were exchanged t o  a l e s s e r  degree 

as shown by t h e  mass spectrum, which revea led  t h a t  up  t o  s i x  deuter iums had 

been inco rpo ra ted  i n t o  the  s t r u c t u r e .  

Psora len  and angel  i c i n  1 i kew ise  undergo a c i d  c a t a l y z e d  deu te r ium and t r i t i u m  

exchange. The PMR spectrum o f  deu te ra ted  pso ra len  found t h e  4' p o s i t i o n  t o  be 

t h e  p r imary  exchange s i t e  w h i l e  the  mass spectrum i n d i c a t e d  t h a t  up t o  t h r e e  

deuter iums had been inco rpo ra ted  i n t o  the  molecu le .  Angel i c i n  was a l s o  found 
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t o  exchange ma in l y  a t  the 4 '  p o s i t i o n .  

T r i t i a t i o n  b y  exchange o f  4 ,5 ' , 8 - t r ime thy lpso ra len ,  psora len,  and a n g e l i c i n  

r e s u l t e d  i n  a s p e c i f i c  a c t i v i t y  o f  200-250 mCi/mmoI f o r  a l l  t h ree  compounds. 

As t h e  s p e c i f i c  a c t i v i t y  o f  t h e  T 0 used was approx imate ly  300 mCi/mmol, t h e  

r e s u l t s  suggest t h a t  the i so tope  exchange approached e q u i l  i b r i u m  i n  a l l  t h r e e  

cases. 

r e a c t i o n s  w i t h  pso ra len  be ing  t h e  most s t a b l e  t o  t h e  c o n d i t i o n s  used. 

2 

Degradat ion o f  t h e  t h r e e  compounds was e v i d e n t  d u r i n g  t h e  exchange 

I n  o r d e r  t o  p r o v i d e  h igh  s p e c i f i c  a c t i v i t y  4 ,5 ' , 8 - t r ime thy lpso ra len ,  t he  

f o l l o w i n g  reduct ion-dehydrogenat ion scheme was u t i l i z e d  ( I 1  ,l2). Unlabeled 

1 was reduced w i t h  t r i t i u m  gas over  p a l l a d i u m  on charcoal  t o  g i v e  [3,4,4 ' ,5 ' -  

3H4]-3,4,4',5'-tetrahydro-4,5',8-trimethylpsoralen (7 ) .  

dehydrogenated by r e f l u x i n g  i n  d i p h e n y l e t h e r  over  the  same c a t a l y s t ,  g i v i n g  

[3 ,4 ' -3H2]-4,5 ' ,8- t r imthy lpsora len w i t h  a s p e c i f i c  a c t i v  t y  o f  17.6 C i / m l .  

The c a t a l y t i c  reduct ion-dehydrogenat ion procedure was n o t  appl i ed  t o  pso ra len  

o r  a n g e l i c i n .  However, i t  would be expected t o  g i v e  resu  t s  s i m i l a r  to those 

found w i t h  4,s I ,8- t r i met h y l  p so r a  1 en. 

z 

Compound 7 was then 
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The p repara t  i o n  of t r i ti a t e d  4 ' -hydroxyme thy1 -4,s ' ,8- t r imethy l  pso ra l  en and 

4'-aminomethyl-4,5 '  , 8 - t r ime thy l  psora len w i t h  s p e c i f i c  a c t i v i t i e s  l e s s  than 100 

m C i / m l  has been repo r ted  (10).  To p r o v i d e  these compounds w i t h  h ighe r  spec i -  

f i c  a c t i v i t i e s ,  t h e  f o l l o w i n g  scheme was devised. Unlabeled 4 was o x i d i z e d  

w i t h  chromium t r i ox ide -3 ,5 -d ime thy I  py razo le  complex (13) t o  g i v e  4 ' - f o r m y l -  

4,5',8-trimethylpsoralen (8). Reduct ion of 8 w i t h  sodium b o r o t r i t i d e  (48  C i /  

mmol) prov ided  t r i t i a t e d  4 w i t h  a s p e c i f i c  a c t i v i t y  o f  12 Ci/mmol. T r i t i a t e d  4 

was then t r e a t e d  w i t h  t h i o n y l  c h l o r i d e  i n  ch loroform,  g i v i n g  4'-([ HI -ch loro-  

methyl)-4,5',8-trimethylpsoraIen (9 ) .  Compound 9 was reac ted  w i t h  potassium 

- 

-- - 
- I 

3 

- I 
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3 ph tha l  imide t o  g i v e  b ' - ( p h t h a l  im ido - [  H]-methyl)-4,5',8-trimethylpsoralen (10) .  -- 
Hydraz ino l ys i s  o f  10 w i t h  hyd raz ine  hyd ra te  i n  e thano l  a f f o r d e d  4 ' - ( [  HI-amino- 

methyl)-4,5',8-trimethylpsoralen w i t h  a s p e c i f i c  a c t i v i t y  o f  12-.0 Ci/rnmol. 
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With 8-methoxypsoralen, a v a r i e t y  o f  a c i d  and base c a t a l y z e d  deuter ium ex- 

change r e a c t i o n s  were run.  However, no i n c o r p o r a t i o n  o f  the i so tope  was de- 

tec ted .  

the t r i t i u m  l a b e l  on the methoxy group a t  the 8 - p o s i t i o n .  As shown below, 

un labeled 8-methoxypsoralen was demethylated t o  8-hydroxypsora len ( I  I )  w i t h  

boron t r i b r o m i d e ,  f o l l o w e d  by 0 -me thy la t i on  w i t h  t r i t i a t e d  methyl  i o d i d e .  The 

s p e c i f i c  a c t i v i t y  o f  t he  8-methoxypsoralen so prepared was c o n t r o l l e d  by the 

a c t i v i t y  of the methyl i o d i d e  used. 

To p r o v i d e  t r i t i a t e d  6, a d i f f e r e n t  scheme was u t i l i z e d  which p laced - 

-- 
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The r e s u l t s  o f  t h e  above e x p e r i m e n t  a r e  summarized in T a b l e  I. 

COMPOUND 
STRUCTURE AND 
LABEL POSITION 

TRlTlATlON SPECIFIC 
METHOD ACTIVTY (CiImM) 

T20 Exchange 0 . 2 5 3  
0 

4:5',8-Tr imet  hylpsoralen 

(Ma jar Position) 

Catalytic reduction - 17.6 
dehydrogenation 

Psorolen 2 

Angelicin 2 

4' -Hydroxymethyl- 
4.5l.8- trimethylpsoralen 4 

T20 Exchange 0.231 

(Major Position) 

T20 Exchange 0.228 

T 
(Major Position) 

NoBTq Reduction 12.0 

N a B T q  Reduction 12.0 
0 

4'-Aminomethyl- 
4,5'.8-trimethylpsaralen 2 

8-Methoxypsoralen 5 Al kylation (CT31 1 2.5 O p 0  
OCT3 

TABLE I. The structure, label  posit ion, specif ic act ivi ty and method of t r i t ia t ion  fa r  eoch 

o f  the psorolen compounds. 
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EXPERIMENTAL 

PMR spec t ra  were o b t a i n e d  a t  room tempera ture  i n  C D C 1 3  us ing  t e t r a m e t h y l -  

s i l a n e  as an i n t e r n a l  s tandard  on a Var ian  T60 NMR spec t romete r ,  w i t h  

chemical s h i f t s  expressed i n  PPM. Mass spec t ra  were o b t a i n e d  w i t h  an A E I  

MS-12 Mass Spectrometer;  i o n  p o t e n t i a l  70 V ,  p robe tempera ture  120-170°C. 

R a d i o a c t i v i t y  measurements were made i n  a Beckman LS-230 l i q u i d  s c i n t i l l a t i o n  

coun te r .  

s o l u t i o n s  o f  each t r i t i a t e d  pso ra len  i n  o m n i f l u o r - t r i t o n / t o l u e n e  c o n t a i n i n g  

10% water  ( v / v ) .  The c o n c e n t r a t i o n  o f  t h e  s tandard  s o l u t i o n s  was de termined 

by u s i n g  t h e  e x t i n c t i o n  c o e f f i c i e n t s  o f  each psora len .  Radiochemical  p u r i t y  

was de termined by t h i n  l a y e r  chromatography of each p u r i f i e d  p roduc t  i n  a t  

l e a s t  t h r e e  s o l v e n t  systems (CHCI 

u s i n g  Eastman No. 13181 s i l i c a  ge l  p l a t e s  w i t h  f l u o r e s c e n t  i n d i c a t o r .  Each 

p l a t e  was d i v i d e d  i n t o  equal  s e c t i o n s  which were p laced  i n t o  s c i n t i l l a t i o n  

v i a l s  and t h e  amount o f  r a d i o a c t i v i t y  i n  each s e c t i o n  determined. Radio- 

chemical p u r i t y  i s  expressed as the  pe rcen t  o f  t h e  t o t a l  r a d i o a c t i v i t y  found 

i n  the  s e c t i o n  wh ich  con ta ined  the  t r i t i a t e d  compounds. T r i t i a t e d  wa te r  

( 0 . 5 - 1  . O %  T20) was p rov ided  by Lawrence Berke ley  Labora to ry  and deu te ra ted  

wa te r  (99.8%) purchased f rom Bio-Rad Labs. 4 ,5 '  , 8 - T r i m t h y l p s o r a I e n  was 

syn thes i zed  acco rd ing  t o  Bender e t  a l .  ( 1 4 ) ,  8-rnethoxypsoralen was purchased 

f rom Sigma Chemical Company, w h i l e  pso ra len  and a n g e l i c i n  were p rov ided  by 

Pro fessors  M. Pathak (Harvard  U n i v e r s i t y )  and J. C leaver  ( U n i v e r s i t y  o f  

C a l i f o r n i a ,  San F ranc i sco ) ,  r e s p e c t i v e l y .  A l l  s o l v e n t s ,  d r y i n g  agents ,  e t c .  

were o f  reagent grade. 

purchased f rom New England Nuc lea r .  

S p e c i f i c  a c t i v i t i e s  were de termined by  c o u n t i n g  a l i q u o t s  o f  s tandard  

CHC13/CH30H 98:2, C6H6/(CH ) CO 1 : l )  3 '  3 2  

T r i t i a t e d  methyl  i o d i d e  and sodium b o r o t r i t i d e  were 

[4'-'H]-4,5',8-Trimethylpsoralen ( I ) .  The p r e p a r a t i o n  o f  t h i s  compound by 
5 

T20 exchange has been p r e v i o u s l y  desc r ibed  (LO).  
f i c a t i o n  procedure has subsequent ly  been developed. The c rude t r i t i a t e d  produc t  

was d i s s o l v e d  i n  a smal l  volume o f  ch lo ro fo rm,  loaded on  a s i l i c a  ge l  column (60- 

200 mesh) o f  a p p r o p r i a t e  s i z e  and e l u t e d  w i t h  e i t h e r  methy lene c h l o r i d e  o r  c h l o r -  

o fo rm.  The f r a c t i o n s  c o n t a i n i n g  the  p u r i f i e d  m a t e r i a l  were combined and the  

The f o l l o w i n g  improved p u r i -  
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s o l v e n t  removed, g i v i n g  the p u r i f i e d  p roduc t  (253 mCi/mmol) which was g r e a t e r  

than 99% rad iochemica l l y  pure.  

[3 ,4 ' -  3 H2] -4 ,5 ' ,8 -Tr imethy lpsora len  ( I ) .  4,5 ' ,8-Tr imethy lpsora len (33 mg, - 
0.14 m m l )  10% pa l l ad ium on charcoal  (16.5 mg) and g l a c i a l  a c e t i c  a c i d  (2  mL) 

were p laced i n  a 25 mL round bot tom f l a s k  and s t i r r e d  w i t h  t r i t i u m  gas (I50 

Ci)  u n t i l  t he  uptake o f  t r i t i u m  had ceased (4 h ) .  The c a t a l y s t  was removed 

by c e n t r i f u g a t i o n ,  f o l l owed  by evapora t i on  o f  the supernatant  under vacuum. 

The r e s i d u a l  s o l i d  was d i s s o l v e d  i n  - 1  mL methylene c h l o r i d e ,  loaded on a 

1/2" x 5"  s i l i c a  ge l  column (60-200 mesh), then e l u t e d  w i t h  methylene c h l o r  

The f r a c t i o n s  c o n t a i n i n g  t h e  product  were combined and the s o l v e n t  removed, 

g i v i n g  [3,4,4', 5 I -3H4] -3 ,4 ,4 '  ,5 I - t e t  rahydro-4,5 '  , 8 - t r  imethy l  pso ra len  (7, - 36 

Ci/mmol). Compound 7 was then p laced  i n  a 25 mL round bottom w i t h  d ipheny l  

e t h e r  (5 mL) and 10% pa l l ad ium on charcoal  (30 mg). A n i t r o g e n  bubb le r  was 

a t tached  and the m i x t u r e  r e f l u x e d  f o r  28 hours .  A f t e r  c o o l i n g  t o  room tem- 

- 

de . 

p e r a t u r e ,  e thanol  (5  mL, 100%) was added and t h e  c a t a l y s t  removed by c e n t r i -  

f uga t ion .  The supernatent  was p a r t i a l l y  evaporated, then loaded on a 1/211 x 

5" s i l i c a  ge l  column (60-200 mesh) and e l u t e d  w i t h  ch lo ro fo rm.  The f r a c t i o n s  

c o n t a i n i n g  the  product  were combined, t h e  s o l v e n t  volume reduced and t h e  ch ro -  

matography repeated on a 1/2" x 10" column as above. 

(4  mg, 12.1% y i e l d  f rom u n l a b e l e d l )  so ob ta ined  was s t o r e d  i n  abso lu te  ethanol  

t o  i n h i b i t  r a d i o l y s i s .  The s p e c i f i c  a c t i v i t y  o f  t h e  m a t e r i a l  was 17.6 C i / m m l  

w h i l e  t h e  rad iochemical  p u r i t y  was determined t o  be g r e a t e r  than 95%. 

The p u r i f i e d  p roduc t  

- 

3 [ 4 ' -  HI -Psora len ( 2 ) .  Psoralen (285 mg, 1.53 mmol), p-dioxane (10 mL) ,  and - 
fuming s u l f u r i c  a c i d  (30% SO3, 1.5 mL) were p laced  i n  a 50 mL round bot tom 

f l a s k  fo l l owed  by the a d d i t i o n  o f  T20 (8 C i ,  0.4 m L ) .  

and the  m i x t u r e  r e f l u x e d  f o r  23 h,  f o rm ing  a dark amber s o l u t i o n .  A f t e r  c o o l i n g  

t o  room temperature,  the a c i d i c  r e a c t i o n  m i x t u r e  was n e u t r a l  ized by dropwise 

a d d i t i o n  o f  NaOH (4 N ) .  The s o l u t i o n  was t r a n s f e r r e d  t o  a 250 mL separa to ry  

A condenser was a t tached  

funnel  and the psora len e x t r a c t e d  w i t h  

emulsion. T h i s  was c l e a r e d  by the  add 

a d d i t i o n a l  ch lo ro fo rm e x t r a c t i o n s  (3  x 

d r i e d  (MgS04) and f i l t e r e d ,  g i v i n g  a f 

ch lo ro fo rm (60 mL), r e s u l t i n g  i n  an 

t ion o f  sodium c h l o r i d e  ( I  .O 9 ) .  A f t e r  

40 mL), t he  combined e x t r a c t s  were 

na l  volume o f  200 mL. TLC o f  t h i s  
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e x t r a c t  found pso ra len  a long  w i t h  t w o  minor l o w  Rf f l uo resecen t  spots.  The 

radiochemical  p u r i t y  o f  the psora len a t  t h i s  p o i n t  was 88%. An a l i q u o t  (50 

mL) was removed f rom t h e  200 mL ch lo ro fo rm e x t r a c t  and the so l ven t  removed 

by r o t a r y  evapora t i on .  The r e s i d u a l  ye l low-orange sol i d  ( 3 7  mg) was d i s s o l v e d  

i n  a small volume o f  ch lo ro fo rm,  loaded on a 1/2" x 5" s i l i c a  ge l  column 

(60-200 mesh), then e l u t e d  w i t h  ch lo ro fo rm.  The f r a c t i o n s  c o n t a i n i n g  pso ra len  

o n l y  were combined and t h e  s o l v e n t  r e m v e d  g i v i n g  a w h i t e  s o l i d  (14 ng ) .  

a n a l y t i c a l  TLC o f  t h e  p roduc t  found t h e  rad iochemical  p u r i t y  t o  be g r e a t e r  

than 98%. The y i e l d  o f  recovered pso ra len ,  based on t h e  50 mL a l i q u o t ,  was 

19.6%. 

The 

[4 ' -3H ] -Ange l i c in  ( 3 ) .  A n g e l i c i n  (21 mg, 0.11 mmol), p-dioxane (5.0 mL), 

and fuming s u l f u r i c  a c i d  (30% SO3, 0.7 mL) were p laced  i n  a 25 mL round bot tom 

f l a s k ,  s t i r r e d  magne t i ca l l y ,  and a second p o r t i o n  o f  fuming s u l f u r i c  a c i d  

(0.4 mL) added dropwise. T20 (0.5 mL, -10 C i )  was added and t h e  r e s u l t i n g  

ye l l ow  s o l u t i o n  p laced i n  a h e a t i n g  mant le  and heated a t  r e f l u x  for 4.5 h. 

The r e s u l t i n g  amber s o l u t i o n  was cooled t o  room temperature,  then n e u t r a l i z e d  

by  the c a r e f u l  a d d i t i o n  o f  s a t u r a t e d  sodium b i ca rbona te  s o l u t i o n  (45 mL) .  

A f t e r  t r a n s f e r  t o  a separa to ry  funne l ,  t he  p roduc t  was e x t r a c t e d  w i t h  c h l o r o -  

form (2  x 8 mL), the e x t r a c t s  d r i e d  (Na2S04), f i l t e r e d ,  then evaporated, 

g i v i n g  a y e l l o w  res idue .  

f a i n t  low Rf spots .  

loaded on a l /2" x 10'' s i l i c a  gel  column (60-200 mesh), then e l u t e d  w i t h  

ch loroform.  The f r a c t i o n s  which con ta ined  the angel i c i n  o n l y  were combined 

and t h e  so l ven t  removed g i v i n g  t h e  p u r i f i e d  p roduc t  ( 6  mg, 28% recovery ) .  

The a n a l y t i c a l  TLC o f  t h i s  m a t e r i a l  found the  rad iochemical  p u r i t y  t o  be 

g r e a t e r  than 99%. 

3 

TLC o f  t h i s  m a t e r i a l  found mos t l y  p roduc t  w i t h  two 

The s o l i d  was d i s s o l v e d  i n  a smal l  volume o f  ch loroform,  

4 - ( [ H I  -Hydroxyme thy1 ) -4,5 I ,8- t r  i methyl  p s o r a l  en (4) . 4 ' -Formy1 -4,s ,8- - 
t r i m e t h y l p s o r a l e n  8 (20 mg, 0.08mmoI) ande thano l  (95%, 10 mL) were p laced i n  

a 50 mL round bottom f l a s k  fo l l owed  by the a d d i t i o n  o f  sodium b o r o t r i t i d e  

(390 pg, 10 pmol,  48 Ci/mul,5CIOmCi). The heterogeneous m i x t u r e  was magnet ic-  

a l l y  s t i r r e d  w h i l e  t h e  progress of  t h e  r e a c t i o n  was moni tored by TLC (CH C I  ) .  

Al though the m i x t u r e  was s t i r r e d  2 h, t h e  r e a c t i o n  was e s s e n t i a l l y  o v e r  a f t e r  

- 

2 2  
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10 min.  The e thano l  was removed under reduced pressure and t h e  r e s i d u a l  sol i d  

d i s s o l v e d  i n  10 mL methanol which was then  removed by r o t a r y  evapora t i on .  

T h i s  was repeated f o u r  more t imes and the r e s u l t i n g  s o l i d  d i s s o l v e d  i n  a smal l  

vo l  urn o f  ch loroform,  loaded on a 1/2" x 7" s i l  i c a  ge l  column (60-200 mesh), 

then e l u t e d  w i t h  ch loroform.  The f r a c t i o n s  c o n t a i n i n g  t h e  product  were com- 

b ined,  t h e  volume reduced, then rechromatographed on an i d e n t i c a l  column u s i n g  

methylene c h l o r i d e  as the e l u a n t .  The product  f r a c t i o n s  were combined and 

t h e  s o l v e n t  removed g i v i n g  the  p u r i f i e d  product  (5  mg, 48% y i e l d ) ,  which was 

s t o r e d  i n  abso lu te  e thano l  t o  i n h i b i t  r a d i o l y s i s .  A n a l y t i c a l  TLC found t h e  

rad iochemical  p u r i t y  o f  t h i s  m a t e r i a l  t o  be g r e a t e r  than 99%. 

& I - (  [ 3 H]-Aminomethyl)-4,5',8-trimethylpsoralen (5) .  4 ' - ( P h t h a l  imido-[  3 H I -  - 
methyl)-4,5',8-trimethylpsoralen (10, -- -6 mg, "0.02 mnol), ethanol  (95%, 5 mL),  

and hyd raz ine  hyd ra te  (0.01 mL, 0.18 mmol, 85% s o l u t i o n  i n  water)  were p laced 

i n a 2 5  mL round bot tom f l a s k  w i t h  a small magnet ic s t i r r e r .  The m i x t u r e  was 

heated a t  50" f o r  severa l  hours u n t i l  no s t a r t i n g  m a t e r i a l  remained by TLC 

(CHC13). 

y e l l o w  res idue.  Chloroform (5 mL) and 1 N sodium hyd rox ide  (5  mL) were added 

and t h e  m i x t u r e  t r a n s f e r r e d  t o  a smal l  separatory  funne l .  The b a s i c  s o l u t i o n  

was f u r t h e r  e x t r a c t e d  w i t h  c h l o r o f o r m  (2 x 5 mL), the combined e x t r a c t s  washed 

w i t h  wa te r  (3  x 5 m L ) ,  d r i e d  (MgS04), f i l t e r e d  and evaporated, g i v i n g  t h e  amine 

as t h e  f r e e  base. Absolute ethanol  (2 mL) was added, then sa tu ra ted  w i t h  

anhydrous HCI gas. The e thano l  was r e m v e d  on t he  rotovap and t h e  amine 

h y d r o c h l o r i d e  (-2 mg, -50% y i e l d )  p laced under vacuum t o  remove r e s i d u a l  H C I .  

A n a l y t i c a l  TLC (benzene/acetone 1 : I )  found the  rad iochemical  p u r i t y  o f  t he  

p roduc t  t o  be g r e a t e r  than 99%. The product  was s t o r e d  i n  abso lu te  ethanol  

t o  i n h i b i t  r a d i o l y s i s .  

A f t e r  t h i s ,  t he  ethanol  was removed on t h e  rotovap g i v i n g  a l i g h t  

3 8 - ( [  H,]-Methoxy) pso ra len  (6 ) .  A m o d i f i e d  10 mL pear bot tom f l a s k  t o  which 
J .- 

a g lass  v a l v e  had been a t tached  a t  t he  top was used as a low pressure bomb f o r  

the reac t i on .  8-Hydroxypsoralen (!!) (20.4 mg, 0.10 m m o l ) ,  anhydrous potass ium 

carbonate (57.5 mg. 0.59 mnol), and acetone (1.0 mL) were added t o  the r e a c t i o n  

f l a s k  f o l l o w e d  by [ H 1 - m t h y l  i o d i d e  (50 m C i ,  2-3 Ci/mmol) i n  acetone (0.5 m L ) .  

The va l ve  was shut and the m i x t u r e  heated a t  55°C f o r  15 h w h i l e  be ing  magnet ic-  

3 
3 
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a l l y  s t i r r e d .  A f t e r  t h i s  pe r iod ,  t he  r e a c t i o n  f l a s k  was cooled and then f r o z e n .  

A vacuum l i n e  was a t tached  and the  s o l v e n t  pumped o f f .  

t o  the d ry  res idue  and the product  e x t r a c t e d  w i t h  c h l o r o f o r m  ( 4  x 3 m t )  from 

t h e  b a s i c  s o l u t i o n .  The combined c h l o r o f o r m  e x t r a c t s  were washed w i t h  water 

( I  x 5 mL), then passed through a s h o r t  column o f  anhydrous sodium s u l f a t e .  

Next, t he  s o l v e n t  volume was reduced t o  -0.5 mL, t hen  loaded on a 1/2” x 4” 

s i  1 i c a  gel  column (60-200 mesh) and e l u t e d  w i t h  ch lo ro fo rm.  The f i r s t  20 mL 

o f f  the column con ta ined  a l l  t he  product ,  which was found t o  be g r e a t e r  than 

98% rad iochemica l l y  pure w i t h  a s p e c i f i c  a c t i v i t y  o f  2.5 Ci/mmol. The y i e l d  

was approx imate ly  50% based on t h e  amount o f  [ H ] -methyl  

Water (5 m t )  was added 

3 i o d i d e  used. 3 
4’ -Formy1 -4,5 ’ ,8- t r  imet h y l  psora l  en (8) . 3,5 -Dime thy1 py razo le  (41 0 rng, - 

4 . 3  mmol) was added t o  a suspension o f  chromium t r i o x i d e  (425 mg, 4.3 m m o l )  

i n  methylene c h l o r i d e  (12 .5  mL) and the m i x t u r e  s t i r r e d  a t  room temperature 

under argon f o r  15 min. To the  r e s u l t i n g  dark red  s o l u t i o n ,  4 ’ -hydroxymethy l -  

4,5’,8-trimethylpsoraIen (400 mg, 1.6 mnol) was added i n  one p o r t i o n  and the 

r e a c t i o n  m i x t u r e  then s t i r r e d  a t  room temperature f o r  2 h. 

t h i s  p e r i o d  found no s t a r t i n g  m a t e r i a l  remained. The s o l v e n t  was removed on 

the rotovap and the  res idue  d i s s o l v e d  i n  a smal l  volume o f  ch lo ro fo rm,  loaded 

on a 1/2”  x 8” s i l i c a  gel column (60-200 mesh) and e l u t e d  w i t h  methylene 

c h l o r i d e .  The f r a c t i o n s  c o n t a i n i n g  product  were combined and t h e  so l ven t  

removed g i v i n g  t h e  aldehyde (290 mg, 73% y i e l d ) .  Fu r the r  p u r i f i c a t i o n  was 

accompl ished by r e c r y s t a l l  i z a t i o n  f rom 95% ethanol  g i v i n g  w h i t e  c r y s t a l s ,  

NMR (CDCI ) 6 2.4-2.6 (bH, d) ,  2.8 (3H, s ) ,  6 .3  ( I H ,  s ) ,  8.2 ( I H ,  s ) ,  10.2 

( IH,  5 ) .  Ana lys i s :  Ca lcu la ted  f o r  CI5Hl2O4: C ,  70.3;  H, 4.7. Found: 

C ,  70.1; H, 4 .9 .  

TLC (CHC13) a f t e r  

3 

4 ’ - ( [ H I  - Ch 1 o rome t hy 1 ) -4,5 ’ ,8- t r i met h y 1 pso r a  1 en (9) . A 2% so 1 u t i on (v / v )  - 
3 o f  t h i o n y l  c h l o r i d e  i n  ch lo ro fo rm (2  mL) was added t o  [ H-4 ’ -a ] -4 ’ -hydroxy-  

methyl-4,5’,8-trimethylpsoralen ( 4 ,  5 mg, 0.02 m m o l ,  12.0 Ci/mmol) and the 

s o l u t i o n  m a g n e t i c a l l y  s t i r r e d  u n t i l  no s t a r t i n g  m a t e r i a l  was detected by 

TLC (CHC13). A f t e r  t h i s  p e r i o d  (-30 min) ,  t he  s o l v e n t  was evaporated a t  

room temperature,  g i v i n g  the p roduc t  which was one spot on TLC (CHCI ) .  The 

w h i l e  s o l i d  was p laced under h i g h  vacuum a t  room temperature f o r  1 h t o  r e m v e  

- 

3 
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any r e s i d u a l  t h i o n y l  c h l o r i d e ,  then used d i r e c t l y  f o r  t he  p r e p a r a t i o n  o f  10. 

The y i e l d  was e s s e n t i a l l y  q u a n t i t a t i v e .  

-5 

3 4 '  - (Phthal  i m  ido- [ H I  -methyl ) -4,s I, 8- t r  i me thy1 psora 1 en ( I  0) .  4 '  - ( [ 3 H ] -  

Chloromethyl)-4,5',8-trimethylpsoralen (9,  - 5  mg, -0.02 mnol), f r e s h l y  p r e -  

p a r e d  potassium p h t h a l i m i d e  ( I 3  mg, 0.07 m m l ,  2 h ,  acetone r e f l u x ,  6 h vacuum 

d r y i n g  a t  100°C) and DMF (2 mL. d r i e d  over  4 A molecular  s ieves)  were p laced 

i n  a smal l  round bot tom f l a s k  and s t i r r e d  o v e r n i g h t  a t  room temperature a f t e r  

which no s t a r t i n g  m a t e r i a l  remained by TLC (CH2C12). 

reduced pressure and the  y e l l o w  res idue  suspended i n  1-2 mL ch loroform,  which 

was then removed by r o t a r y  evaporat ion.  The r e s u l t i n g  s o l i d  was p laced 

under h i g h  vacuum f o r  10 min then suspended i n  - 1  mL ch lo ro fo rm,  loaded on a 

1/2" x 8" s i l i c a  ge l  column (60-200 mesh) and e l u t e d  w i t h  ch lo ro fo rm.  The 

f r a c t i o n s  c o n t a i n i n g  the  p r o d u c t  were pooled and the s o l v e n t  evaporated. The 

r e s u l t i n g  w h i t e  s o l i d  was p laced under vacuum 30 min,  then used d i r e c t l y  f o r  

the p r e p a r a t i o n  o f  5. 

0 

The DMF was removed under 

The y i e l d  was approx imate ly  80%. 

8-Hydroxypsoralen ( I  I ) .  8-Methoxypsoralen (10 g, 46 m m l )  was d i s s o l v e d  

- 
-- 

i n  methylene c h l o r i d e  (200 mL, d i s t i l l e d  f rom P 0 ) i n  a three-neck 500 mL 

round bottom f l a s k  w i t h  a t tached  r e f l u x  condenser and d r y  n i t r o g e n  1 ine.  

Boron t r i b r o m i d e  (10 mL, 100 m m o l )  was added t o  the s t i r r e d  r e a c t i o n  m i x t u r e  

i n  one p o r t i o n .  P r e c i p i t a t i o n  o f  a y e l l o w i s h  s o l i d  ensued w i t h i n  15-20 min 

f rom t h e  orange r e a c t i o n  m ix tu re .  A f t e r  6.5 h, a smal l  amount o f  c o l d  water  

(5 mL) was c a u t i o u s l y  added, causing an exotherm which subsided a f t e r  a few 

minutes.  A d d i t i o n a l  wa te r  (500 mL) was added and the heterogeneous m i x t u r e  

s t i r r e d  o v e r n i g h t  f o l l o w e d  by c o l l e c t i o n  o f  t h e  crude p roduc t  b y  s u c t i o n  

f i l t r a t i o n .  A f t e r  suck ing d r y  on the f i l t e r ,  the cream c o l o r e d  s o l i d  was 

r e c r y s t a l l i z e d  from a c e t o n i t r i l e  (200 mL),  g i v i n g  v e r y  f i n e  s l i g h t l y  y e l l o w  

c r y s t a l s  (5.48 g ,  58% y i e l d ) ;  m.p. 247-249"C, NMR (CD3COCD ) 6 6.2-6.4 ( lH ,  

d, C3-H), 7.0-7.1 ( IH, d, C4'-HO), 7.4 ( I H ,  s ,  C5-H) ,  7.9-8.2 (2H, m, C4-H, 

C5'-H). 

2 5  

3 

Mass spectrum m/e ( r e l a t i v e  abundance) 202, M+ (100). 

Ana lys i s :  C a l c u l a t e d  f o r  CIIH604: C, 65.4; H, 3.0. Found: C, 65.1; 

H, 3.1. 
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