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SUMMARY 

A rapid and convenient synthesis of the psychotomimetic agent 
4-iodo-2,5-dimethoxyphenylisopropylamine is described, incorpor- 
ating the radioisotope 1231 (T+13 hr). With the amine function o f  
2,5-dimethoxyphenylisopropylamine blocked as the phthalimide, it 
was found that the aromatic 4-position could be directly iodinated 
with iodine monochloride. The phthalic acid moiety was rapidly 
removed with hydrazine in butanol to provide the title compound, 
as the hydrochloride salt, in an overall yield of 10% and in a 
reaction time of less than one half-life. 

Key words: 4-iodo-2,5-dimethoxyphenylisopropylamine, iodine-123, 
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INTRODUCTION 

4-Brom-2,5-dimethoxyphenylisopropylamine (DOB) is known to be a centrally 

active agent in man (1) and has been found, through labelling experiments em- 

ploying 77Br and 82Br, to be actively taken up in the brain and lung of human 

subjects (2). 

isotopes limit their usefulness as visualization agents in scintigraphic studies. 

Of the available isotopes of iodine, l Z 3 I  emits a 159 keV gamma ray which lies 

within the energy range considered ideal for imaging purposes. 

virtue is that it has a ratio o f  useful gamma rays to tissue dose some 50 times 

greater than that of l3lI, an important consideration for studies in human subjects. 

These properties prompted the synthesis o f  the iodine analog of DOB, 4-iodo-2,5- 

dimethoxyphenylisopropylamine (DOI, 2) using l Z 3 I .  

The relatively high energies o f  the gamma radiation of these two 

An additional 

However, its relatively short 
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4 

h a l f - l i f e  (13 h r )  requ i res  an approp r ia te l y  r a p i d  s y n t h e t i c  method, the  sub jec t  

o f  t h i s  r e p o r t .  

The d i r e c t  i o d i n a t i o n  o f  2,5-dimethoxyphenylisopropylamine 1 was t r i e d  

employing a v a r i e t y  o f  procedures. 

amine s a l t  o f  1. w i t h  It o r  IC1, a procedure which i s  successful w i t h  elemental 

bromine (1)  and c h l o r i n e  (3 )  leads t o  p r e f e r e n t i a l  o x i d a t i o n  o f  t h e  amine func- 

t i o n .  

ox idat ion,  b u t  deace ty la t i on  o f  the i o d i n a t e d  i n te rmed ia te  cou ld  n o t  be achieved 

w i t h  an acceptable y i e l d  and speed (4). 

poss ib le  w i t h  the e a s i l y  removable t e r t i a r y  b u t y l  carbamate, b u t  t h i s  ' I t -BOC" 

d e r i v a t i v e  cou ld  n o t  be success fu l l y  i o d i n a t e d  under n e u t r a l  cond i t i ons ,  employing 

the  usual forms o f  I+. 

t h e  carbamate l i nkage  o f  5 p r e f e r e n t i a l l y ,  l ead ing  t o  decomposition. 

The attempted d i r e c t  halogenation o f  t he  

Amine d e r i v i t i z a t i o n  as the  acetamide prov ided p r o t e c t i o n  against  

P ro tec t i on  o f  t h e  amine was a l s o  

More a c i d i c  i o d i n a t i o n  cond i t i ons  i n v a r i a b l y  hydro lysed 
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The p h t h a l i d e  group was found t o  be s u f f i c i e n t l y  s t a b l e  t o  a l l o w  i o d i -  

n a t i o n  o f  t h e  r i n g  o f  2 d i r e c t l y  wi th i o d i n e  monochloride t o  p rov ide  t h e  

amide 3 which cou ld  be q u i c k l y  hyd ro l i zed  w i t h  hydrazine i n  butanol w i thou t  

i s o l a t i o n .  The t i t l e  compound &was then obta ined by hydro lys is ,  as t h e  

hydrochlor ide s a l t  w i t h  a r a d i o i s o t o p i c  i nco rpo ra t i on  e f f i c i e n c y  o f  10%. 

i d e n t i t y  o f  t he  incorporated h a l i d e  ( i o d i d e  r a t h e r  than c h l o r i d e )  was estab- 

l i s h e d  by chemical i o n i z a t i o n  mass spectroscopy. 

b r a i n  uptake k i n e t i c s  o f  3 i n  experimental animals a re  repo r ted  elsewhere (5,6). 

The 

The i n  v i v o  d i s t r i b u t i o n  and 

EXPERIMENTAL 

Mate r ia l s  and Methods 

The 1 2 3 1 C I  was obta ined c a r r i e r - f r e e  f r o m  t h e  Crocker Nuclear Laboratory 

o f  t he  U n i v e r s i t y  o f  C a l i f o r n i a ,  Davis, i n  d i l u t e  HC1. 

p l o r a t o r y  procedures, was purchased from M a l l i n d r o d t  Nuclear Corporation, 

S t .  Louis, No., i n  d i l u t e  NaOH.. 

purchased from t h e  Upjohn Company. 

ma te r ia l s  were performed i n  a Berkeley Box contained w i t h i n  a Jun io r  Cave. 

r a d i o a c t i v i t y  o f  t he  product  was measured i n  a Squibb CRC 6a rad io i so tope  c a l i -  

b r a t o r .  

permanent magnet spectrograph, and chemical i o n i z a t i o n  mass spect ra were obta ined 

on a AEI-MS-902 instrument. 

o f  t he  elements, t he  r e s u l t s  obta ined were w i t h i n  0.4% o f  t he  t h e o r e t i c a l  values. 

2,5-Dimethoxyphenylisoprpylamine. 1 

Na1311, used f o r  ex- 

1-(2,5-Dimethoxyphenyl )-2-nitropropene was 

Manipulat ions w i t h  the  i s o t o p i c a l l y  l a b e l l e d  

To ta l  

NMR spect ra were determined on a Perk in  Elmer R-32-8 60 megahertz 

Where microanalyses are i n d i c a t e d  o n l y  by the  symbols 

A s o l u t i o n  of 38 g of 1-(2,5-dirnethoxyphenyl)-2-nitropropene i n  200 m l  THF 

was added t o  a w e l l - s t i r r e d ,  r e f l u x i n g  suspension o f  32 g LiAlH,, i n  750 m l  THF 

and 75 m l  anh ether, a t  a r a t e  t h a t  maintained r e f l u x  temperature w i thou t  

ex te rna l  heat. 

the suspension was cooled e x t e r n a l l y  i n  i ce ,  and w i t h  s t rong  s t i r r i n g  t h e r e  was 

The a d d i t i o n  requ i red  about 3 h r .  Fo l lowing 20 h r  o f  r e f l u x i n g ,  
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added i n  sequence (aga ins t  a f l o w  o f  n i t r o g e n )  32 m l  H20 d i l u t e d  w i t h  2x 

volumes o f  THF, 32 m l  o f  15 S t i r r i n g  was 

continued u n t i l  t he  r e s u l t i n g  suspension was completely whi te .  

removed by f i l t r a t i o n ,  and t h e  f i l t e r  cake was washed w i t h  a d d i t i o n a l  THF. 

The mother l i q u o r  and washings were pooled, and the  so l ven t  removed i n  vacuo 

t o  prov ide a res idua l  amber o i l .  

200 m l  CH2C12, ex t rac ted  w i t h  3x150 ml d i l u t e  HC1, t he  pooled e x t r a c t s  washed 

w i t h  CH2C12, made bas ic  w i t h  25% NaOH, and re -ex t rac ted  w i t h  CH2C12. 

e x t r a c t s  were washed w i t h  saturated b r ine ,  and t h e  so l ven t  removed i n  vacuo t o  

prov ide a co lo r l ess  o i l  (28.5 9). 

anh. 

s a l t  o f  L ( 2 7 . 4  g) w i t h  a y i e l d  o f  70%. 

(7); 105-106°, i nc reas ing  w i t h  hyd ra t i on  (8). 

Attempted i o d i n a t i o n  w i t h  h y p o i d i t e  i o n  

NaOH, and f i n a l l y  96 m l  H20. 

The s a l t s  were 

This crude product  (36.7 g) was d i sso l ved  i n  

The pooled 

This was d i sso l ved  i n  anh.ether sa tu ra ted  w i t h  

HC1, f i l t e r e d ,  washed w i t h  ether ,  and a i r - d r i e d  t o  prov ide the  hydrochlor ide 

The m.p. was 115-118"; l i t .  111.5-112.5° 

A s o l u t i o n  o f  1.15 g k H C 1  (5 mM) i n  50 m l  H20 was n e u t r a l i z e d  w i t h  NaOH 

With good s t i r r i n g  and and s t a b i l i z e d  a t  pH 7.5 w i t h  0.5 1 phosphate b u f f e r .  

a t  ambient temperature, a s o l u t i o n  o f  2.5 g K I  i n  50 m l  pH 7.5 phosphate b u f f e r  

(0.5 M) was added fo l l owed  by a suspension o f  4.2 g Chloramine T i n  100 m l  H20 

con ta in ing  0.05 mol. NaH2P04 and adjusted t o  a pH o f  7.5 w i t h  NaOH s o l u t i o n  

using an ex te rna l  pH meter. 

orange-red co lo ra t i on ,  and w i t h i n  a few seconds began t o  deposi t  a dark-colored 

i nso lub le  o i l  on the  w a l l s  o f  t he  f lask.  

Na2S204 i n  50 m l  H20 was added. 

(pH above 10) and ex t rac ted  w i t h  3x125 m l  CH2C12. 

ex t rac ted  w i t h  .5 

CH2C12, made bas ic  w i t h  5% NaOH, and re -ex t rac ted  w i t h  CH2C12. 

so l ven t  l e f t  an amber o i l  which was d i sso l ved  i n  75 m l  anh. e ther .  A f t e r  

The m ix tu re  became imnediate ly  opaque, developed an 

A f t e r  one minute a s o l u t i o n  o f  3.0 g 

The e n t i r e  r e a c t i o n  m ix tu re  was made bas i c  

The pooled e x t r a c t s  were 

H2S04 (2x100 m l ) ,  these e x t r a c t s  were pooled, washed w i t h  

Removal o f  t h e  
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standing fo r  an hour, an insoluble gum was deposited. 

and saturated w i t h  anh. HC1 gas. The separated c rys ta l s  proved to  be unchanged 

- l'HC1 (i .r . ,  m.p. and m.m.p.). 

N-[1-(2,5-Dimethoxyphenyl)-2-propyll-tert-butylcarbamate. 5 

The solution was decanted 

(0.65 9, 56% recovery). 

A solution of 3.90 g 1. (20 mM, 3.4 ml N3C02C(CH3)3 (20% excess), and 4.1 m l  

triethylamine (100% excess) i n  75 ml dry THF was held a t  reflux on the steambath 

f o r  1% h r .  The vola t i les  were removed in vacuo, and the residual o i l  was flooded 

w i t h  water (600 ml) and extracted w i t h  CH,C12. 

orated to  a residual o i l  which spontaneously s e t  t o  a pale yellow so l id .  

was recrystall ized from 20 ml of boiling methanol, washed sparingly w i t h  cold 

methanol, and a i r  dried t o  yield the  product as a white c rys ta l l ine  so l id ,  m.p. 

The pooled extracts were evap- 

This 

93-94', 3.60 g (yield 61%). NMR: 6 ( C D C 1 3 )  CHCtl3 1.07, 1.18 (3H, d S ) ;  C(CH3)3  

1.39 (9H, s ) ;  CH2 2.67, 2.78 ( Z H ,  d s ) ;  OCH3 3.76, 3.79 (6H, 2s); CECH3 4.68 

( l H ,  m);  ArH 6.76 (3H). 

under the hypoiodite conditions described above, or  under homogenous conditions 

employing IC1 (as  described below fo r  the phthalide derivative) resulted i n  no 

detectable nuclear iodination (as determined by the f a i lu re  to incorporate 

1 3 1 1  into the isolated organic base f rac t ion) .  

N - [ 1 - ( 2,5- d i  met ho xyp heny 1 ) - 2 -pro py 1 I - p h t ha 1 i mi de . 

Anal: C H N .  attempts to  iodinate 5 i n  aqueous suspension 

2 
A suspension o f  14.8 g phthalic anhydride (0.1 mol.) i n  19.5 1 as the f ree  

base (0.1 mol.) was heated gradually w i t h  a sof t  flame to  150°, and the temp- 

erature maintained until  the evolution o f  water had ceased. 

c lear  amber solution was allowed to  cool t o  about 50' and 100 ml of hot methanol 

was added. The solution was s t i r r e d  u n t i l  homogenous, seeded w i t h  product, 

and cooled i n  an ice  bath to  complete c rys ta l l iza t ion .  

by f i l t r a t i o n  and washed with cold methanol. 

( l i t .  105.5-106°, re f .  9 ) .  

The result ing 

The product was removed 

Weight 24.6 g ,  m.p. 105-106' 
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4- 1231-2 ,5-Dimethoxyphenyl isopropyl ami ne. 5 
A fresh, cold solution of 0.12 m l  IC1 i n  2.5 m l  ace t ic  acid was added 

directly to the aqueous lZ3ICl solution containing 62 m C i  of I z 3 I .  

resulting pale-brown solution was added to  a solution of 500 mg of 2. (1.54 mM) 

i n  6 ml ace t ic  acid which had been heated to  40" w i t h  an external water bath, 

and s t i r r ed  w i t h  a magnetic s t i r r e r .  

and then the reaction solution was quenched by pouring in to  200 ml of water 

containing a few hundred milligrams each of KI and Na2S204. The colorless 

aqueous suspension was extracted w i t h  C H Z C l 2  (3x75 m l ) ,  the extracts pooled, 

washed w i t h  an aqueous solution of KI and Na2S204, and the  organic phase evap- 

orated i n  vacuo. The residual colorless o i l  spontaneously c rys ta l l ized ,  and 

was used d i rec t ly  in the following step without isolation or  further pur i f i -  

cation. 

2-propyll-phthalimide 3 was isolated and characterized. 

from methanol, m.p. 103-103.5". Mixed m e l t i n g  point w i t h  2, 85-98". Anal: CHN. 

The 

The s t i r r i n g  was continued for  45 min, 

I n  non-radioactive runs, th i s  product, N- tl-(4-iodo-2,5-dimethoxyphenyl ) -  

Fine white c rys ta l s  

The intermediate compound 3 was dissolved i n  10 m l  n-butanol containing 

0.5 m l  95% N H 2 N H z .  The c lear  solution was placed i n  a boiling water bath and 

swirled with occasional venting as needed. The solution became progressively 

cloudy and developed a yellow-brown color. 

cleared, there was a deposition of a cottage cheese-like prec ip i ta te ,  and a 

concurrent fading of the color. An additional 2 ml of butanol was added, and 

the heating continued fo r  a to ta l  of 15 min. The reaction mixture was cooled 

and the solids broken up  under d i lu te  H C 1 .  

and the solids washed w i t h  additional HC1.  

washings were washed w i t h  methylene chloride (discarded), made basic with NaOH 

(pH above 9 ) ,  and extracted w i t h  CHZClz (3x50 m l ) .  The combined extracts were 

washed w i t h  water, decanted t o  a fresh dry centrifuge tube  t o  remove par t icu la te  

water, and extracted with 3.5 ml  0.1 H C 1 .  The phases were separated by 

After a few minutes, the cloudiness 

The result ing suspension was f i l t e r e d ,  

The combined mother l iquor and 
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c e n t r i f u g a t i o n ,  and t h e  aqueous phase removed f o r  s t e r i l i z a t i o n  (by m i l l i p o r e  

f i l t r a t i o n )  and r a d i o a c t i v i t y  assay. 

was 3.6 m C i  rep resen t ing  a s p e c i f i c  a c t i v i t y  o f  35.7 mCi/mM a v a i l a b l e  a t  t he  

t ime  o f  animal admin i s t ra t i on .  

o f  3 which were character ized p h y s i c a l l y  and chromatographical ly. 

t i e s  o f  these speciments were i d e n t i c a l  i n  a l l  respects w i t h  those repo r ted  (9 ) .  

The r e t a i n e d  a c t i v i t y  i n  t h e  f i n a l  product 

Non-radioactive preparat ions prov ided samples 

The proper- 
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