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SUMMARY 

The syntheses o f  1221- and 12%-label l ed  2,4-dimethoxy-N,N-dimethyl-5- 
iodophenyl isopropylami ne, 3,5-dimethoxy-N,N-dimethyl-2-i odophenyl isopropylamine 
and 2,6-dimethoxy-N,N-dimethyl-3-i odophenyl i sopropyl ami ne are described. 
speed (3  min, including pu r i f i ca t i on )  and y i e l d  (45-85%) obtained i n  d i r e c t  
iod ina t ion  procedures u t i l i z i n  chloramine-T have allowed the use o f  the 

studies. The three appropriate precursors ( the meta-dimethoxy-N,N- 
dimethylphenyl isopropylami nes) were prepared fro-e corresponding 
phenylacetone analogues by reductive amination employing dimethylamine and 
NaCNBH?. The ketones were obtained from the  appropriate ni t rostyrenes through 
reduction w i th  elemental Fe. 

The 

short- l ived posi t ron emi t te r  9 21 ( t  112 = 3.6 min) i n  b ra in  blood flow imaging 

Key Words: ~-dimethoxy-N,N-dimethyliodophenylisopropylamines, iodine-122, 
iodine-125, b ra in  blood f l o w  agents, iodinated amphetamines. 

I NTRODUCT I ON 

Two classes o f  imaging agents f o r  b ra in  blood f l o w  determination ex is t .  

One has the  propert ies o f  high ex t rac t ion  by bra in  t i ssue  on the  f i r s t  pass and 

retent ion by bra in  f o r  a t ime period s u f f i c i e n t  f o r  imaging; the other depends 

upon f ree  d i f f u s i o n  i n  and out o f  b ra in  t issue. The f i r s t  example o f  a 

retained agent was 4-*%r-2,5-dimethoxyphenyl isopropylami ne (4-%r-2,5- 

dimethoxyamphetamine) (1). Two s imt la r  iodinated analogues have been described 

(2,3), and a chemically related diamine has also been u t i l i z e d  for bra in  

imaging studies (4). These compounds were prepared with gamma-emi tti ng 

isotopes which were inappropriate f o r  posi t ron emission tomography (PET). 
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A p o t e n t i a l l y  use fu l  p o s i t r o n - e m i t t i n g  i so tope  o f  i o d i n e  i s  1221 (tlI2 3.6 

min). 

from which 1221 can be repeatedly m i l ked  (5,6). Previous ly ,  considerable 

syn the t i c  t ime  has been requ i red  f o r  t h e  i n c o r p o r a t i o n  o f  t h e  rad io - i od ine  i n t o  

t h e  i od ina ted  amphetamine analogues, e i t h e r  because d e r i v a t i z a t i o n  was needed 

t o  p r o t e c t  t h e  amine from o x i d a t i o n  ( 2 )  o r  a slow halogen-halogen exchange 

process was used ( 3 , 4 ) .  

8 d) can be performed w i t h  l i t t l e  l o s s  o f  t h e  rad ionuc l i de  i n  these r e l a t i v e l y  

slow processes; i o d i n a t i o n s  i n v o l v i n g  12*1 r e q u i r e  f a s t  s y n t h e t i c  routes. 

This  i s  t h e  daughter o f  122Xe (tl/2 20.1 h), making poss ib le  a generator 

Syntheses u t i l i z i n g  1231 (tl/2 13 h) o r  1311 (tlI2 

I o d i n a t i o n  o f  t h e  2,5-dimethoxy-N,N-dimethylamphetamine w i t h  IC1 requ i red  

h igh  temperature, an organic  r e a c t i o n  medium and preformat ion o f  rad io - l abe l l ed  

IC1 ( 7 ) .  The para-dimethoxy o r i e n t a t i o n  o f  t h i s  2,5-dimethoxy analogue d i d  no t  

a c t i v a t e  t h e  r i n g  s u f f i c i e n t l y  f o r  d i r e c t  e l e c t r o p h i l i c  i o d i n a t i o n  by methods 

such as chloramine-T (8). The syntheses o f  t h e  corresponding e - d i m e t h o x y -  

N,N-dimethylamphetamine counterpar ts  are descr ibed here. 

proven s u f f i c i e n t l y  ac t i va ted  t o  a l l ow  d i r e c t  r a d i o - i o d i n a t i o n  employing 

chloramine-T i n  an aqueous medium. 

These compounds have 

The s y n t h e t i c  procedures l ead ing  t o  t h e  t h r e e  &-subst i tu ted compounds 

were t h e  same, s t a r t i n g  with approp r ia te  precursors, and are o u t l i n e d  i n  

Scheme 1. 

and so l ven t )  w i t h  a c a t a l y t i c  amount o f  ammonium ace ta te  v i a  t h e  Knoevenagel 

r e a c t i o n  (9 ) .  

w i t h  elemental i r o n  i n  a c e t i c  ac id  (10). Reductive amination o f  t h e  ketone 

w i th  dimethylamine and sodium cyanoborohydride (11) y i e l d e d  t h e  t e r t i a r y  amine 

- 3 which was iod ina ted  d i r e c t l y  i n  an aqueous system con ta in ing  e i t h e r  

1221-iodide o r  1241-iodide and chloramine-T (CAT). 

Dimethoxybenzaldehyde was reacted w i t h  n i t roe thane  (as both reagent 

The r e s u l t i n g  n i t r o s t y r e n e  1 was reduced t o  t h e  phenylacetone 2 

The r e s u l t i n g  1221-label led met-dimethoxy-N,N-dimethyliodoamphetamines 4 
have been u t i l i z e d  i n  PET stud ies of cerebra l  pe r fus ion  i n  mongrel dogs. These 

agents demonstrate r a p i d  b r a i n  uptake and long  te rm r e t e n t i o n  i n  ce reb ra l  

t i s s u e  and show promise as b r a i n  blood f l ow  radiopharmaceuticals (12,13). 
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EXPERIMENTAL 

Mater ia ls and Methods 

The 122Xe was obtained from Crocker Nuclear Laboratory, Universi ty o f  

Cal i fornia.  Davis. 

i s  given elsewhere (6). 

procedures, was purchased from New England Nuclear Corporation. 

2,4-Dimethoxybenzaldehyde and 3,5-dimethoxybenzaldehyde were obtained 

comnercially (A ld r ich  Chemical Co.). 2,6-Dimethoxybentaldehyde was prepared by 

the procedure of Lambooy (14) except tha t  bu ty l l i t h ium was used t o  form the  

l i t h i a t i o n  product w i th  e -d lmethoxybenzene (A ld r ich  Chemical Co.) fol lowed 

by react ion w i th  N-methylformanillde. Iodinat ions were conducted i n  an 

enclosed. shielded box and a c t f v i t y  measurements made w i th  a Capintec CRC 30 

radioisotope dose ca l ib ra to r .  

A conplete descr ipt ion of  the 122Xe- 1221 generator system 

Na12% i n  d i l u t e  NaOH, used f o r  exploratory 

NlMR spectra were determined on the UC Berkeley 



118 C. A.  Mathis, A. T. Shulgin and T. Sargent III 

Chemistry Department 200 MHz FT-NMR. Where microanalyses are i n d i c a t e d  only  by 

t h e  symbols o f  t h e  elements, t h e  r e s u l t s  obta ined were w i t h i n  0.4% o f  t h e  

t h e o r e t i c a l  values; analyses were performed by t h e  G a l b r a i t h  Laborator ies,  

Knoxv i l l e ,  Tenn. A l l  m e l t i n g  p o i n t s  a re  uncorrected. D i s t i l l a t i o n s  were 

performed us ing  a Kugelrohr apparatus a t  t h e  temperatures and vacuum pressures 

ind icated.  High performance l i q u i d  chromatography (HPLC) was conducted wi th a 

Waters Assoc. M6000A pump and U6K i n j e c t o r  w i t h  a Waters Model 450 UV de tec to r  

(254 nm) and NaI(T1) de tec to r  i n  se r ies  f o r  absorbance and r a d i o a c t i v i t y  

detect ion.  Two HPLC a n a l y t i c a l  separat ion systems were u t i l i z e d :  a Hamilton 

PRP-1 reverse phase r e s i n  column (4.6 x 250 mn 10 un) e l u t e d  w i t h  methanol/ZM 

NH40H/1M NH4N03 (650/50/25) and an A l t e x  normal phase s i l i c a  column (4.6 x 

250 mn 10 m) e l u t e d  w i t h  dichloromethane/methanol/n-propylami ne (250/4/1). 

Semi-preparative HPLC separations o f  t h e  i od ina ted  ( co ld )  amphetamine analogues 

f o r  NMR analyses were performed on a Whatman M9 P a r t i s i l  column (9 x 500 m 

10 un) u t i l i z i n g  dichloromethane/methanol/n-propylamine (250/4/1) e luent .  

l a y e r  chromatography (TLC) was performed on Eastman Chromogram 6060 s i l i c a  gel 

sheets developed w i t h  e t h y l  acetate/ethanol/amnonium hydrox ide (34/4/1). 

Th in 

2,6-Dimethoxy-beta-methyl-beta-nitrostyrene. k. To a s o l u t i o n  o f  10.0 g 

o f  2,6-dimethoxybenzaldehyde i n  50 m l  n i t roe thane  t h e r e  was added 0.5 g 

anhydrous ammonium acetate, and t h e  m i x t u r e  was h e l d  on t h e  steam ba th  f o r  2 h. 

The so l ven t  was removed i n  vacuo g i v i n g  a heavy redd ish  o i l  which, upon 

d i s s o l v i n g  i n  25 ml ho t  methanol and cool ing,  y i e l d e d  b r i g h t  ye l l ow  c r y s t a l s ,  

12.0 g (90% y i e l d ) ,  m.p. 101.5-102.5"C. 

I n  t h e  same manner, 3,5-dimethoxy-beta-methyl -be ta -n i t ros ty rene  (K) was 

prepared (94% y i e l d ) ,  m.p. 87-88°C (lit. value m.p. 88°C (15)). 

I n  t h e  same manner, 2,4-dimethoxy-beta-methyl -be ta -n i t ros ty rene  (&) was 

prepared (77% y i e l d ) ,  m.p. 78-79OC (lit. value m.p. 76-78OCY (16)). 

2,6-Dimethoxybenzylmethyl ketone. 3. A s o l u t i o n  of 11.5 g of la i n  80 m l  

warm a c e t i c  ac id  was added t o  a suspension o f  35 g o f  e l e c t r o l y t i c  i r o n  dust i n  

150 ml a c e t i c  acid. The m ix tu re  was heated on t h e  steam ba th  u n t i l  a vigorous 
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react ion set in.  The resu l t i ng  paste was d i l u ted  w i th  another 40 m l  ace t ic  

acid and heated f o r  an hour. The react ion was quenched i n  1.5 L water w i th  

s t i r r i n g ,  decanted from unreacted Fe and extracted w i th  3 x 100 m l  methylene 

chloride. The pooled extracts were washed w i th  50 m l  5% NaOH and the  solvent 

removed i n  vacuo t o  y i e l d  10.5 g o f  a pale amber o i l .  This was d i s t i l l e d  2 
vacuo g iv ing  8.7 g (86% y i e l d )  o f  a color less o i l  (95-105"C/0.4 mmHg). Anal: 

C,H. 

I n  the  same manner, the  3,5-dimethoxybenzylmethyl ketone (g) color less o i  1 

was prepared (83% y ie ld ;  110-130°C/0.3 mmHg). Anal: C,H. 

I n  the  same manner, 2,4-dimethoxybenzylmethyl ketone (&) color less o i  1 was 

prepared (65% y ie ld ;  125-145OC/O.5 mmHg). Anal: 

and 66.5%; H. 

C theor. 68.2%. found 66.1 

2,6-Dimethoxy-N,N-dirnethylphenylisopropylamine. 36. A so lu t ion  o f  7.6 g o f  

- 2a i n  100 m l  methanol was added t o  a warm so lu t ion  o f  25 g dimethylamine 

hydrochloride i n  60 m l  methanol. With vigorous s t i r r i n g  there was added 3.3 g 

NaCNBH3, fol lowed by conc. HC1 dropwise as needed t o  maintain the  react ion 

medium a t  a pH of about 6. When acid was no longer required (about 48 h) the  

methanol was removed i n  vacuo and the  residue poured i n t o  2 L o f  d i l u t e  

s u l f u r i c  acid. 

(discarded), made basic w i th  25% NaOH and reextracted (3 x 100 m l  methylene 

chloride). The pooled extracts were str ipped of solvent, g iv ing  2.38 g o f  a 

color less o i l  which was d i s t i l l e d  (110-12OoC/0.4 mnHg), y ie ld ing  1.49 g (17% 

y i e l d )  o f  a white o i l .  The perchlorate s a l t  was rec rys ta l l i zed  from 

isopropanol and ether, m.p. 109-110OC. Anal: C,H,N. NMR o f  the  f ree  base 

(COC13) 6 0.88 (d, 3H, CH3CH), 2.35 (6H, (CH3I2N), 2.65 (m, 2H, CH2), 2.80 (my 

l H ,  &CH3), 3.80 (6H, (CH3OI2), 6.53 (d, 2H, phenyl C3,5-H, Jo = 8.3 Hz), 7.13 

(t, ZH, phenyl C4-H, Jo = 8.3 Hz). 

The mixture was extracted w i th  2 x 100 m l  methylene ch lo r ide  

I n  the  same manner, 3,5-dimethoxy-N,N-dimethylphenyl isopropylamine (a) was 

prepared, 3.3 g, from 7.4 g of the ketone (39% y ie ld ) ,  m.p. o f  the perchlorate 

s a l t  1OO-10loC. Anal: C,H,N. NMR o f  the free base (CDC13) 6 0.93 (d, 3H, 
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CH CH), 2.32 (6H, (CH3)*N), 2.80 (my 2H, CH2), 2.95 (my lH ,  g C H 3 ) ,  3.78 (6H, -3 
(CH 0) ) ,  6.31 (d, l H ,  phenyl C4-H, J, = 2.0 Hz), 6.34 (d, 2H, phenyl C2,6-H, 

Jm = 2.1 Hz). 
3 2  

I n  t h e  same manner, 2,4-dimethaxy-N,N-dimethylphenylisopropylami ne (&) was 

prepared, 10.6 g from 12.4 g o f  t h e  ketone (74% y i e l d ) ,  m.p. o f  t h e  p e r c h l o r a t e  

s a l t  98-98.5OC. Anal: C,H,N. 

CH CH), 2.33 (6H, (CH3)*N), 2.78 (m, 2H, CH2) 2.95 (my lH, C 3 H 3 ) ,  3.79 (6H, -3 
(CH30)2), 6.38-6.43 (m, 2Hy phenyl C3-H and C5-H, Jo = 8.1 Hz, J, = 2.4 Hz), 

NMR o f  t h e  f ree  base (CDC13) 6 0.89 (d, 3H, 

6.99 (d, 1H, phenyl Cg-H, J, = 8.1 HZ) .  

2,4-Oimethoxy-N,N-dimethy1-5- 1251-phenylisopropylamine. "3-4.. The 

e f fec ts  o f  pH and temperature upon t h e  r a d i o - l o d i n a t i o n  y i e l d  were determined 

f o r  t h e  reac t i on  o f  & w i t h  lZ5I-  u t i l i z i n g  CAT as t h e  o x i d i z i n g  agent. To 

500 u1 o f  0.50 M phosphate b u f f e r  s o l u t i o n  con ta in ing  1 mg o f  & a n d  70 Ici o f  

Na1251 t h e r e  was added 250 Irg o f  CAT i n  10 ~1 o f  water. 

was made i n  500 t.11 of 0.50 M H2S04. 

the a d d i t i o n  o f  5 mg Na2S205. The r e s u l t s  obta ined a t  t h e  pH's over t h e  range 

of 0.3-9.1 a t  60°C a re  shown i n  Table 1; t h e  r e a c t i o n  y i e l d  was maximized a t  pH 

1.2. 

The study a t  pH 0.3 

The reac t i ons  were quenched a t  60 sec by 

The e f f e c t  o f  temperature upon t h e  y i e l d  over t h e  range o f  25-100°C i s  

Table 1. Ef fect  of pH on t h e  y i e l d  o f  1251-label led 2,4-dimethoxy- 
N,N-dimethyl-5-i odophenyl i sop ropy l  ami ne ( lZ5I_4c) 

Y i e l d  o f  1251-4c - 
PH (average o f  3 samples) 

0.3 90% 

1.2 94% 

4.3 7 71 

6.1 81% 

7.4 39% 

9.1 19% 
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Tab le  2 .  E f f e c t  of t empera tu re  on t h e  y i e l d  o f  1 2 s I - l a b e l l e d  
2,4-dlmethoxy-N,N-dimthyl-5-iodophenyl i s o p r o p y l  ami ne ( 1251_4c) 

Y i e l d  o f  l Z 5 I - 4 c  
(average o f  3 s a m p l e s )  T( “c) 

25 84% 

40 89% 

60 94% 

80 91% 

100 9 2% 

shown i n  Tab le  2 ;  t h e  y i e l d  reached a maximum a t  tempera tures  260°C. 

o f  t h e  r a d i o - i o d i n a t i o n  was de termined a t  pH 1.2 and 60°C by quenching t h e  

r e a c t i o n s  a t  d i f f e r e n t  t imes. The i o d i n a t i o n  r e a c t i o n  was f a s t ;  t h e  y i e l d  was 

86% a t  15 sec and 94% a t  60, 120 and 300 sec. 

pH 1.2, 60°C and 60 sec. 

1251-4a-c -- on t h e  Hami l t on  PRP-1 column and on t h e  A l t e x  s i l i c a  column a r e  g i ven  

i n  Tab le  3. 

a l s o  l i s t e d  i n  Tab le  3. 

The speed 

Optimum r e a c t i o n  c o n d i t i o n s  were 

The r a p a c i t y  f a c t o r s  ( k ’ )  f o r  1251-, -- 3a-c and 

The R f ’ s  o f  l2’I-, a-5 and 1251-4a-c on s i l i c a  ge l  sheets  a r e  

Employing t h e  above optimum c o n d i t i o n s ,  2,6-dimethoxy-N,N-dimethyl- 

3-1251-phenyl isopropylamine ( lZ5I-4a) was prepared (50% y i e l d  I n  1 min) .  

I n  t h e  same manner, 3,5-dlmethoxy-N,N-dimethyl-2- lZ ’ I -phenyl  i s o p r o p y l  ami ne 

( 1251-4b) was prepared (83% y l e l d  i n  3 m l n ) .  

2,6-Dlmethoxy-N,N-dimethyl-3- 1221-phenyl i sopropy l  amine. I2’I-4a. 
Approx ima te l y  80 di o f  lZ2Xe was t r a n s f e r r e d  from a s to rage  vessel  t o  a 

s t a i n l e s s  s t e e l  l oop  a t  l i q u i d  n i t r o g e n  tempera ture ,  and l Z 2 I  was a l l owed  t o  

accumulate f o r  15 mln. 

vesse l  l e a v i n g  t h e  l Z 2 I  on t h e  i n s i d e  s u r f a c e  o f  t h e  l oop .  H igh  vacuum (<5 un 

Hg) was a p p l i e d  t o  t h e  l oop  f o r  10 sec w h i l e  h e a t i n g  t o  60°C t o  remove t r a c e s  o f  

radio-xenons. ’  Two ml o f  a 0.20 M phosphor i c  a c i d  s o l u t i o n  (pH 1.3) c o n t a i n i n g  

The 122Xe was c r y o g e n i c a l l y  r e t u r n e d  t o  t h e  s to rage  

Less t h a n  1 & I  o f  radio-xenons were de tec ted  i n  t h e  e l u a t e  f o l l o w i n g  t h e  
pumping procedure.  
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5 mg of &and 100 vg o f  CAT were added t o  the  loop. The react ion was a l l w e d  

t o  proceed fo r  90 sec a t  6OOC. The contents o f  the loop were then loaded onto 

a 0.9 x 4 cm anion exchange column (BioRad AGl-X8, acetate form). The product 

( 1221-4a) was eluted with 10 m l  o f  a 0.10 M pH 7.4 phosphate bu f fe r  solut ion. 

O f  the a c t i v i t y  t ha t  was removed from the loop, 55% remained on the anion 

exchange column and 45% was removed w i th  the  e l u t i n g  buffer.  The eluate 

contained 13.5 mCi of  1221-4a (not decay corrected) which was >98% i n  

radiopur i ty.  

Ci/mnole. However, the unlabel led precursor and iodinated product may have 

s i m i l a r  b io log ica l  propert ies resu l t i ng  i n  an e f fec t i ve  spec i f i c  a c t i v i t y  of 

'100 mCi/mnole. The en t i re  radio-synthesis and product cleanup required 

approximately 3 min (post removal o f  122Xe). The chromatographic 

charac ter is t i cs  o f  1221-4a were iden t i ca l  t o  1251-4a by HPLC. 

The spec i f i c  a c t i v i t y  o f  the 1221-labelled product exceeded l o 4  

The assignment o f  the  iodine subs t i tu t ion  pos i t i on  and the chromatographic 

charac ter is t i cs  o f  nonradioactive 

employing m i l l imo la r  quant i t ies  of sodium iod ide  and 2. 
containing 150 mg (0.67 m l e )  

H3P04 there  was added 229 mg (1.0 mnole) CAT. 

proceed a t  60°C f o r  5 min and was quenched w i th  300 mg (1.6 m l e )  Na2S205. 

The so lu t ion  was made basic w i th  NaOH and extracted w i th  CH2C12 (3 x 30 ml). 

The iodinated product (46% y i e l d )  was separated from the s t a r t i n g  mater ia l  (&) 

and side products by semi-preparative HPLC. 

0.88 (d, 3H, CH3CH), 2.37 (6H, (CH3)ZN), 2.66 (m, ZH, CH2), 2.86 (my lH,  

- CHCH3), 3.79 (3H, CH30), 3.80 (3H, CH30), 6.46 (d, lH ,  phenyl C5-H, Jo = 8.7 

Hi!), 7.57 (d, lH, phenyl C4-Hy Jo = 8.7 Hz). The HPLC and TLC chromatographic 

charac ter is t i cs  o f  &were i den t i ca l  t o  1251-4a and 1221-4a. - m e  major 

were establ ished by a separate synthesis 

To a so lu t ion  

and 120 mg (0.80 mnole) NaI i n  30 m l  0.25 

The react ion was allowed t o  

NMR o f  the f ree  base (CDC13) 6 

The 122Xe gas contained approximately an e ual quan t i t 5  o f  125Xe ( t  1/2 17 
h) as an impuri ty from t h e  production o f  
1251, and a small amount o f  1251-labelled product was found i n  the  eluate. 

A 15 min in-growth period resul ted i n  1 0  $1 o f  1251-labelled 4a-C 

9 2Xe ( 6 ) .  5Xe decays t o  

( 12211 1251 103). 
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side-product (20% y i e l d )  us ing  a s t o i c h i o m e t r i c  excess o f  CAT i n  these 

nonradioact ive procedures proved t o  be t h e  3-ch loro analog (3-chloro-2,6- 

dimethoxy-N,N-dimethylphenylisopropylamine) as establ ished by NMR o f  a 

chromatographica l ly  separated sample. 

ha l i des  (as shown by NMR, q.v.) i s  t h e  same as t h a t  repor ted f o r  t h e  

brominat ion o f  2,6-dimethoxyphenyl isopropylamine (17). 

The p o s i t i o n a l  assignment o f  b o t h  

I n  t h e  same manner, 3,5-dimethoxy-N,N-dimethyl -2- 1221-phenyl i sop ropy l  amine 

The ( 1221_4b) was prepared (68% i n c o r p o r a t i o n  o f  1221 removed from t h e  loop). 

synthes is  o f  nonradioact ive 

t h e  f ree base (CDC13) 6 0.99 (d, 3H, CH3CH), 2.42 (6H, (CH3)2N), 2.66 (4, 2H, 

CH2), 3.06 (m, l H ,  CHf i ) ,  3.80 (3H, CH30), 3.85 (3H, CH30), 6.30 (d, lH ,  

phenyl C4-H, J, = 2.7 H z ) ,  6.43 (d, l H ,  phenyl C6-H, J, = 2.7 Hz). 

chromatographic c h a r a c t e r i s t i c s  o f  

(60% y i e l d )  was conducted as w i t h  3. NMR o f  

The 

were i d e n t i c a l  t o  lZ5I_4b and 122r-g. 
I n  t h e  same manner, 2,4-d i met hoxy -N ,N-d i met hyl -5- 1221 - phenyl i sop ropy1 ami ne 

The ( I  122 -4c) was prepared (85% i n c o r p o r a t i o n  o f  1221 removed from t h e  loop). 

synthes is  of nonradioact ive C (65% y i e l d )  was conducted as w i t h  &. NMR o f  t h e  

f r e e  base (CDC13) 6 0.91 (d, 3H, g3CH),  2.34 (6H, (CH3)2N), 2.76 (m, 2H, CH2), 

2.85 (my lH ,  B C H 3 ) ,  3.83 (3H, CH30), 3.88 (3H, CH30), 6.40 ( lH, phenyl C3-H), 

7.43 (lH, phenyl C6-H). 

i d e n t i c a l  t o  1251_4c and 1221,4c. 

The chromatographic c h a r a c t e r i s t i c s  o f  %were  

A summary of t h e  y i e l d s  o f  1251- and l2 * I -1abe l l ed  3, and and t h e  

chromatographic data i s  given i n  Table 3. 
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