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A simple halogenated derivative of dopamine, 6-iododopamine (l), has been synthesized using two different methods. 
These synthetic sequences have been applied to the radiolabeling of 1 with carbon-11, iodine-131, and iodine-123. 
The tissue distribution of 1 in mice, dogs, and rats was determined. The ratio of radioactivity (70 /g) in the adrenal 
medulla-kidney in dogs increases from 3.45 at 2 h postinjection to 33.3 at 24 h postinjection. Thyroid uptakes in 
mice, dogs, and rats show that in vivo deiodination of 1 is not significant. 

Dopamine (3,4-dihydroxyphenethylamine) functions as 
a neurotransmitter and also as a precursor for nor- 
epinephrine, one of the adrenal medullary hormones. We 
and others have devoted considerable effort to labeling 
dopamine as well as biogenic amine analogs with nuclides 
which decay by emission of radiation which can be de- 
tected outside the body barrier in the search for a ra- 
diopharmaceutical which would allow external visualization 
of the adrenal medulla and abnormalities associated with 
adrenal medullary tissue.2-4 

We have initiated a program to develop synthetic 
methods leading to simple halogenated analogs of dop- 
amine which can be labeled with halogen or carbon iso- 
topes. The purpose of this work is to develop the synthetic 
capabilities for varying the physical half-life of a molecule 
by labeling with nuclides of different half-lives while 
attempting to retain the desirable biological properties of 
the natural molecule. Such research into analog synthesis 
and subsequent biological evaluation has important im- 
plications in the study of structure-biological/ biochemical 
activity relationships. It is also useful to be able to modify 
a radiopharmaceutical by incorporating a radiohalogen or 
radiocarbon which has decay properties ideal for the 
particular study. 

We have reported a method for labeling of’ dopamine 
with carbon-11 (t i ,  = 20.4 min) previously.2a The first 
analog to dopamine which we have prepared and studied 
was 18F-labeled 6-fluorodopamine.3 The simple halo- 
genated analogs of dopamine which retain the unperturbed 
catecholamine nucleus had not been previously synthesized 
in labeled or unlabeled form. We describe here (1) the 
preparation and characterization of 6-iododopamine (3,- 
4-dihydroxy-6-iodophenylethylamine, 1) using two dif- 
ferent synthetic sequences; (2) the labeling of 6-iodo- 
dopamine with carbon-11 (carrier-free) and iodine-131 (and 
iodine-123); and (3) the tissue distribution of C-11 and 
radioiodine labeled iododopamine in animals. 

The synthetic sequences used in the Chemistry. 

synthesis of 6-iododopamine are shown in Scheme I. The 
two different routes were developed in order to incorporate 
the readily available forms of radioactive carbon and 
radioactive iodine into 6-iododopamine efficiently. 

The commercial availability of isotopic carbon in the 
form of cyanide (K14C=N, K W r N )  and the ready 
availability of 11C-labeled hydrogen cyanide to institutions 
which have access to a cyclotron should make radiocarbon 
labeled iododopamine in exceedingly high specific activity 
available for basic and clinical research using method A. 
The chemical form of radioactive iodine isotopes com- 
mercially available is most commonly sodium iodide. 
Method B uses molecular iodine which is readily available 
from radioactive sodium iodide as described in the Ex- 
perimental Section. The reactions used here are 
straightforward and in the case of method A the entire 
sequence can be carried out in <60 min which is necessary 
with the short-lived carbon-11. 

While 1 was reasonably stable in aqueous solution, 
removal of the water resulted in a residue which rapidly 
discolored and hence precluded its isolation as a crystalline 
solid. However, the (1) NMR spectral data, (2) thin-layer 
chromatograms, (3) radiolabeling of 1 with two different 
nuclides with chemical and radiochemical identification 
of products as well as all intermediate compounds, (4) 
independent synthesis of 1 via an alternate route, and ( 5 )  
formation of a derivative (10) all verify the formation of 
1.HBr. 

6-Iododopamine was synthesized by two independent 
methods (Scheme I). Demethylation of 5 with BBr3,j 
which is essential since HI causes extensive deiodination, 
resulted in the formation of colorless, hygroscopic powder. 
On the basis of the known formation of tetrahalogeno- 
borates from amines and boron trihalides6 as well as the 
formation of bromoboronates7 from the interaction of 
catechols with boron tribromide, we have tentatively 
assigned structure 9 to this compound. Compound 9 would 
be predicted to hydrolyze to 1-HBr.7 The addition of water 
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Table I. Tissue Distribution of [ 1 3 1  I ] -  and [ 1231]-6-Iododopamine at  Various Time Intervals in Mice (% Dose/Organ i: SDyl 
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Sacrifice No. of 
time, min animals Adrenals Kidneys Liver Thyroid Blood (%/g) 

5 3 0.030 i: 0.005 8.03 t 0.57 7.1 2 0.5 0.094 + 0.012 4.28 i: 0.51 
1 5  3 0.015 i: 0.002 3.44 f 0.081 3.64 i. 0.07 0.067 i: 0.017 1.52 * 0.11 
30 10 0.014 i: 0.001 1.69 0.21 2.40 * 0.52 0.084 i 0.012 1.11 i 0.08 
60  4 0.0087 t 0.0005 1.00 t 0.23 1.04 r 0.01 0.066 i: 0.014 0.50 t 0.04 

120  4 0.020 t 0.002 0.78 t 0.14 0.84 t 0.05 0.176 i: 0.061 0.35 i 0.03 
240 4 0.012 i: 0.002 0.79 t 0.25 0.94 i: 0.36 0.158 i: 0.028 0.162 * 0.016 

" Loading dose, 8-11 x mol/mouse. 

Table 11. Tissue Distribution of Radioiodine Labeled 6-Iododopamine in Dogs" 
Sacrifice Adrenal Adrenal 
time, hr Blood Liver Kidney medulla cortex Thyroid 

% Dose/Gram 
2 0.023 0.0042 0.0081 0.028 0.0045 0.020 
24 0.0002 0.00063 0.00063 0.021 0.003 0.35 

% Dose/Organ 
2 2.24 0.77 0.0062 0.0092 0.026 
24 0.48 0.075 0.0021 0.0104 0.48 

" The values are given for one dog at  each time period. Loading dose, 1 .29  x mol/dog. 

Table 111. Tissue Distribution of [ 1 3 *  1]-6-Iododopamine a t  Various Time Intervals in Rats 
(% Dose/Organ * SD of Four Rats)" 

Sacrifice 
time Adrenal medulla Adrenal cortex Liver Kidneys Thyroid 

5 rnin 0.0247 i: 0.0026 0.0098 f 0.0017 4.58 i 0.48 3.55 * 0.65 0.029 f 0.005 
30 rnin 0.0138 i: 0.0021 0.0062 i 0.0005 2.36 i: 0.22 2.37 * 0.28 0.062 t 0.007 
60  rnin 0.0038 i: 0.0013 0.0070 i: 0.0003 0.67 t 0.04 0.72 i: 0.03 0.080 i 0.005 
2 h  0.0035 i 0.0007 0.0028 f 0.0013 0.33 i: 0.04 0.168 * 0.008 0.183 f 0.009 
4 h  0.0047 i: 0.0008 0.002 i: 0.001 0.265 ?: 0.023 0.194 i: 0.029 0.251 k 0.022 
24 h 0.0021 i 0.0002 0.000081 i: 0.000004 0.072 i: 0.006 0.024 * 0.002 0.65 i: 0.12 

Blood (%/g) 
0.66 i: 0.09 
0.48 i 0.06 
0.131 i. 0.007 
0.052 i 0.002 
0.055 i: 0.006 
0.0062 i: 0.0004 

" Loading dose, 3.6 x l o - *  mol/rat. 

(D20) to 9 resulted in a solution whose NMR spectrum 
showed the absence of -0CH3 signals and singlets at 6 6.92 
and 7.40 due to the two uncoupled ring protons and a 
multiplet a t  6 2.88-3.36 corresponding to the four protons 
of the -CH2CH2- grouping. Thin-layer chromatography 
showed one compound which was ninhydrin active indi- 
cating the presence of an amine group and ferric chlo- 
ride-potassium ferricyanide active indicating the catechol 
moiety. Acetylation of 1 in aqueous solution was carried 
out according to a procedure often used in the separation 
of catecholamines from urine or tissue extracts8 and 
yielded the triacetylated derivative (10) of 6-iododopamine 
which was characterized (Scheme I). Verification of the 
formation of 1.HBr was also obtained by an independent 
synthesis via the reduction of 3,4-dihydroxy-6-iodo- 
phenylacetonitrile (8) as shown in Scheme I. A comparison 
of the NMR spectrum and thin-layer chromatograms of 
this product showed that it was identical with that formed 
by the BBr3 cleavage of 5. These data are consistent with 
the formation of 1,HBr. The NMR spectrum of 1-HBr was 
monitored for 3 days and showed no changes. The color 
of the solution changed slightly, and after 1 day the 
thin-layer chromatogram showed tailing indicating some 
decomposition. Although the solution appeared to be 
stable for several hours, the radiopharmaceutical was used 
for animal experiments within 30 min after its preparation. 

The stability of 1-HBr in aqueous solution as determined 
from its NMR spectrum and TLC data certainly appears 
to be sufficient to allow studies in vivo provided that the 
solution is injected within a short time period after its 
preparation. It is well known that an aqueous solution of 
dopamine itself discolors within a few hours and yet it is 
used successfully in animal experiments since it is rapidly 
distributed to amine storage vesicles where it is protected 
from oxidation. The fate of 1.HBr in vivo depends on its 

ability to function as an analog to dopamine. If it is 
analogous to dopamine in its behavior, one would predict 
that it would be rapidly presented to organs in vivo de- 
pending on the percent of the cardiac output received by 
the organ and then stored in the organs rich in amine 
storage vesicles such as the adrenal medulla.9 The portion 
of the material remaining in the circulation would be 
predicted to be enzymatically degraded similarly to the 
catecholamines. 

Radiolabeling of 6-iododopamine with carbon-11 and 
iodine-131 and iodine-123 was carried out according to 
Scheme I and the radiochemical as well as the chemical 
integrity of each intermediate compound as well as the 
product was confirmed during the syntheses. Since there 
is not a purification step subsequent to cleavage with BBr3, 
the solution of 1 produced by the addition of water to 9 
would contain boric acid in a 2:l molar ratio. Since boric 
acid is a relatively nontoxic material (LD5o = 3 g/kg in 
rats)lo no attempt was made to remove it from the final 
product. 

The carbon-1 1 labeled 6-iododopamine is virtually 
carrier-free.11 However, the radioiodine labeled 6-iodo- 
dopamine, since its synthesis requires the use of molecular 
iodine, is not carrier-free. The procedure described in the 
Experimental Section results in the production of 1.29 X 
104 mol of radiolabeled 6-iododopamine. Using 9 mCi of 
131I-labeled sodium iodide we have synthesized 1311-labeled 
6-iododopamine having a specific activity of 1.6 mCi/ 1.29 
x 10-6 mol. 

Tissue Distribution Studies. Animal experiments 
were run with either [ W ] -  or [1311]-6-iododopamine de- 
pending on isotope availability. The tissue distribution 
as a function of time with [131I]- and [1231]-6-iododopamine 
in mice, dogs, and rats is shown in Tables 1-111. A 
comparison of the distribution of 11C-labeled and radio- 
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Table IV. Summary of the Decay Modes of Labeled Dopamine and Labeled Dopamine Analogs 

Fowler et al. 

@OH .&OH #OH #OH 

1 8F *I 

c H,”C H NH CCI- CH:’CH,NH,+CI- CH C H ~ N H  Cci- C H ~ C H , N H ~ B ~ -  

Isotope Carbon-11 Fluorine-1 8 Iodine-1 23 Iodine-131 
Half-life 20.4 min 110 min 13.3 h 8 days 
Decay mode P ’  0- 159 keV y (83%) 364 keV y 

Scheme I 
method A 

2 I 
CH 2CI 

3 
GCH3 OCH, 
I I 

I I 
CH ,CN CHzCHzNH2 

4 5 

r 1 OH 
I I u.n 

9 1.HBr 
OCOCH, 
I 

CHeCH 2NHCGCH: 

10 
method B 

OCH OCH, 
I I qGCH3 & 

1. 2 . N a O H  MsOH- HCI 

I I 
CH2CH2NHCH0 CHzCH,NHCHO 

6 7 
1. BBr, 

5 - 
I 

CH *C Z N  

8 
Isotopic carbon introduced at this point with Na*CN. 

iodine labeled 6-iododopamine in mice showed no sig- 
nificant differences at  5-, 15-, and 30-min sacrifice times 

Isotopic iodine introduced at this point with Na*I. 

even though the loading doses were different (8-11 X 10-8 
mol/mouse for radioiodine labeled 6-iododopamine and 
5 X 10-11 mol/mouse for carbon-11 labeled 6-iododop- 
amine). 

Since our primary interest in radioiodinated 6-iodo- 
dopamine is to evaluate it as an imaging agent for the 
adrenal medulla, we studied the relative uptakes of ra- 
dioactivity by the adrenals and the kidneys as a function 
of time. Ideally, the radioactivity should remain constant 
in the adrenals and clear from the nearest interfering 
organ, the kidney. As can be seen from Table I1 the ratio 
of adrenal medulla-kidney (% /g) in dogs increases from 
3.45 at  2 h to 33.3 at 24 h. Although the concentration of 
radioactivity in the adrenal medulla remains constant over 
a 24-h time period, the uptake is probably not high enough 
to allow imaging. We found a marked increase in uptake 
in the adrenal medulla with carbon-11 labeled dopamine 
when “carrier-free” radiopharmaceutical was used. By 
analogy, carrier-free radioiodine labeled dopamine may be 
useful as a scanning agent. 

In vivo deiodination is a problem associated with many 
radioiodinated pharmaceuticals.4J2 To assess the extent 
to which deiodination occurs in animals with radio- 
iodinated 1, the radioactivity localized in the thyroid of 
mice, dogs, and rats as a function of time was measured 
(Tables 1-111). The values for mice in Table I show a value 
of 0.158% per organ at  4 h. The thyroid uptake (%/organ) 
for two dogs sacrificed a t  2 and 24 h is 0.026 and 0.48%. 
Studies with rats showed 0.65% of the radioactivity to be 
concentrated in the thyroid at 24 h. Thus our preliminary 
results in mice and dogs show that in vivo deiodination is 
a minor metabolic pathway for 6-iododopamine. Pre- 
treatment of animals with thyroid blocking agents was not 
tried since thyroid uptake was used as a measure of in vivo 
deiodination. 
Discussion 

The two synthetic sequences described involve a series 
of rapid reactions and are ideal for labeling with short-lived 
nuclides. Since carbon-11 labeled 6-iododopamine can be 
produced in exceedingly high specific activity,ll this 
material would be useful in studies where the chemical 
loading dose is important or when a very high specific 
activity material is required.13 

Table IV shows the interrelation of labeled dopamine 
and labeled dopamine analogs and lists the pertinent 
radioactive properties of each compound. I t  can be seen 
that the radioactive properties of these compounds vary 
widely. Thus assuming similar or identical biological 
behavior, it is possible to vary the “half-life” (relative to 
half-life of incorporated isotope) of a compound over a wide 
range and, in effect, to tailor its properties for use in 
clinical applications in nuclear medicine to suit the di- 
agnostic procedure in question. For example, if shelf life 
is a problem, then radioiodinated dopamine can be used; 
if serial studies of short duration are necessary then llC- 
or 18F-labeled dopamine can be used. 

Although the immediate purpose of this study was to 
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explore catecholamine analogs which show specificity for 
the adrenal medulla, it should be noted that 6-iododop- 
amine, while retaining the structural features of natural 
dopamine, possesses rather large steric perturbation caused 
by the iodine substituent ortho to the ethylamine side 
chain. A study of the biological activity of this molecule 
as well as its ability to function as a substrate for various 
enzymes involved in catecholamine metabolism would be 
of interest in evaluating the importance of this part of the 
molecule to its interaction with the various enzymes in- 
volved in catecholamine metabolism. 
Experimental  Section 

Melting points are uncorrected. NMR spectra were obtained 
on a JEOL MH-100 spectrophotometer and use Me& as an 
internal standard. NMR spectra in D2O use sodium 2,2-di- 
methyl-2-silapentane-5-sulfonate (DSS) as an internal standard. 
Mass spectra were run on a Hitachi Perkin-Elmer RMU 7. 
Analyses were carried out by Schwarzkopf Microanalytical 
Laboratories. 

3,4-Dimethoxy-6-iodobenzyl Chloride (3). To 2 g (0.00843 
mol) of 4-iodoveratrolel4 was added 1.5 ml of 37% formalin 
solution. HCl gas was passed through the reaction mixture until 
it solidified (ca. 30 rnin). Recrystallization from CCk-ether gave 
1.2 g of 3 in 45% yield: mp 86-88'; NMR (CDCb) 6 H at  6 3.84 
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to dryness. To this was added 0.025 ml of H2O and 0.0031 mg 
of 3 in 0.1 ml of CH3CN. This was heated for 5 rnin a t  90' and 
evaporated to dryness a t  25'. After addition of 0.1 ml of HzO 
the reaction mixture was extracted four times with ether (total 
volume = 2 ml). The extracts were dried over K2C03, the ether 
was removed, and 0.3 ml of borane solution (Alfa, 1.1 M in THF) 
was added. This was allowed to stand at  25' for a few minutes; 
the solvent was removed using a N2 stream and 0.3 ml of 1 N HCl 
added. This was extracted with ether and the ether discarded. 
The reaction mixture was made alkaline by the addition of 0.1 
ml of 10 M NaOH and extracted with ether, the ether extracts 
were filtered through K2C03, and the ether was removed using 
a Nz stream. To the residue was added 0.1 ml of CHzClz and 0.2 
ml of a 10% BBr3-CHzC12 solution. This was allowed to stand 
for a few minutes a t  room temperature and blown to dryness. 
Water or saline was added and the material used for animal 
experiments. A TLC (silica G, 15:3:5 BuOH-HOAC-H~O) was 
run on the basic ether with carrier 5 added and showed all of the 
radioactivity coincident with the spot corresponding to 5. A TLC 
of the final solution using the same solvent showed all of the 
radioactivity concentrated in one spot corresponding to the Rf 
of 1-HBr. The radiochemical yield was 11%. 
N-Formyl-3,4-dimethoxy-6-iodophenylethylamine (7). To 

0.033 g (1.79 X 10-4 mol) of 616 was added 0.053 g (2.39 X 10-4 
mol) of silver trifluoroacetate and a solution of 1.79 X 10-4 mol 
of iodine in CCh. This was stirred for 5 min. When the color 
was discharged, the solution was filtered and evaporated to give 
0.059 g of an oil which after two crystallizations from ethanol-ether 
gave 0.012 g of 7 in 19.8% yield: mp 108.5-110'; NMR of the 
oil (CDCb) 2 H at  6 2.76-3.04 (m), 2 H a t  6 3.28-3.72 (m), 6 H 
at  6 3.82 (s), 1 H at  6 5.84 (s, broad), 1 H at  6.72 (s), 1 H at  6 7.16 
(s), and 1 H a t  6 8.12 (s). Anal. (CiiHi4IN03) C, H. 
3,4-Dimethoxy-6-iodophenylethylamine Hydrochloride 

(5.HC1). To 0.012 g (3.58 X 10-5 mol) of 7 was added 1 ml of a 
1 N HCl-CH30H solution. This was allowed to stand a t  25' for 
24 h (or sealed and heated 15 min a t  115') and the solvent re- 
moved to yield 5.HC1 in 64% yield, with identical spectral 
properties to 5.HC1 prepared by reduction of 4. 
3,4-Dihydroxy-6-iodophenylethylamine-6-~~~1 or -1231 

Hydrobromide.17 1311-Labeled Iz (3.52 x lo+ mol) was generated 
as follows. To 0.020 ml of a 5% solution of KI, 0.120 ml of a 5% 
solution of KI03, a known amount (radioactivity) of Na131I 
(carrier-free reductant-free in 0.1 N NaOH, New England Nuclear, 
no. NEZ.O35A), and 0.5 ml of cc14 was added 0.040 ml of 9 N 
HzS04. This was stirred until the water layer was colorless. The 
cc14 solution of [131I]-Iz was dried by filtering through a 0.5 X 
0.5 cm column of Sephadex G-25. 

To  0.75 mg (3.5 X 10-6 mol) of 6 was added l.5 mg of 
AgOCOCF3 (previously dissolved in 0.150 ml of ether and blown 
dry in the presence of 6) and to this was added the dry solution 
of [131I]-I2. This was stirred at  40' for 10 min at  which time the 
color was nearly discharged and AgI precipitated. The iodine color 
was completely discharged by the addition of ca. 2 mg of dry 
AgOCOCF3 and stirring for 5 min. The cch solution was filtered 
through Sephadex and the cc14 removed using a stream of N2. 
To the residue was added 1 ml of 1 N HCl-CH30H; the vessel 
was sealed and heated for 20 min at  110'. The solvent was 
removed using a stream of N2,0.2 ml of 1 N HC1 was added, and 
the mixture was extracted with ether. To the HCl was added 0.2 
ml of 5 M NaOH and this was extracted with ether and the 
extracts were dried over K2C03. The ether was removed with 
N2 and 0.1 ml of CH2C12 and 0.2 ml of 10% BBr3-CH2Clz were 
added. This was allowed to stand at 25' for 10 min and the solvent 
removed. The residue was dissolved in water or saline and used 
for animal experiments. TLC's were run at points in the synthesis 
corresponding to the preparation of 7,5,  and 1 and showed all 
of the radioactivity coincident with the spots corresponding to 
these compounds. The radiochemical yield was 40%.18 The 
chemical yield (from uv analysis) was 37% (1.29 X 10-6 mol). 
3,4-Dihydroxy-6-iodophenylacetonitrile (8). To 0.1 g 

(0.00033 mol) of 4 in 1 ml of CHzClz at  0' was added 2.6 ml of 
a 10% BBr3-CHzClz solution. The reaction mixture was stirred 
at  25' for 5 min and the solvent and excess BBr3 were removed 
in a stream of nitrogen. The residue was triturated with 2 ml 
of water. The white solid was filtered and dried to give 0.071 g 
(78%) of 8: mp 180-185' ( > E O 0  dec). The analytical sample 

(s), 2 H at  6 4.60 (s), 1 H at  6 6.95 (s), 1 H at  6 7.20 (s). Anal. 
(CgHioClIOz) C. H. 
3,4-Dimethoxy-6-iodophenylacetonitrile (4). To 0.8 g 

(0.00255 mol) of 3 in 5 ml of MezSO was added 0.24 g (0.0049 mol) 
of sodium cyanide and the reaction mixture was heated at  120' 
with stirring for 15 min. After reaction, 5 ml of H2O was added 
and the precipitated solid filtered, washed with water, and dried. 
The solid was dissolved in CCh, treated with decolorizing carbon, 
and evaporated to give 0.32 g of 4 in 41% yield: mp 111-115'. 
Recrystallization from ethanol-ether gave the analytical sample: 
mp 116-117'; NMR (CDCL) 2 H a t  6 3.74 (s), 3 H a t  6 3.84 (s), 
3 H at  6 3.86 (s), 1 H at  6 6.96 (s), 1 H at  6 7.22 (s); ir (KBr) 4.5 
(nitrile). Anal. (CioHioINOz) C, H. 
3,4-Dimethoxy-6-iodophenylethylamine Hydrochloride 

(5.HC1). To 0.075 g (2.47 X 10-4 mol) of 4 in 0.5 ml of THF was 
added 2.3 ml of borane solution (Alfa, 1.1 M in THF). This was 
allowed to stand for a few minutes a t  25', the solvent removed 
with a stream of N2, and 0.8 ml of 3 M HC1 added. This was 
extracted with ether and 0.8 ml of 10 M NaOH added to the HC1 
layer. The reaction mixture was extracted with ether. The ether 
extracts were dried (K2C03) and purged with dry HC1. The 
resulting solid was recrystallized from ethanol-ether to give 0.034 
g of 5.HC1 in 39% yield: mp >250'; NMR (D2O) 4 H at  6 2.7G3.48 
(m), 3 H a t  6 3.84 (s), 3 H at  6 3.88 (s), 1 H at  6 6.96 (s), and 1 
H at  6 7.34 (s); Xmax (1 N HCl) 284 nm (c 3934). Anal. (Cio- 
Hi5ClIN02) C, H, N. 
3,4-Dihydroxy-6-iodophenylethylamine Hydrobromide 

(1.HBr). To 0.021 g (6.8 X 10-5 mol) of 5 in 0.1 ml of CHzClz 
was added 0.5 ml of a 10% BBr3-CH2Clz solution. This was 
allowed to stand at  25' for 10 min and blown to dryness to leave 
0.023 g (48%) of a white powder presumed to be 9. This became 
tan and gummy on exposure to air. A uv spectrum of the weighed 
sample of the white powder in water showed a Xmax a t  287 nm 
and an approximate molecular weight of 692 assuming e = 3900 
(based on e 3892 for 8). This corresponds approximately to 9 (mol 
wt 699). An ir of this material was run immediately after removal 
of solvent: ir (KBr) 3.4 (s, broad), 6.9 (s, broad), 7.9 (w, broad), 
8.42 (s, broad), 8.42 (s, broad), 12.50 (w, broad), 15.50 (w, broad), 
18.52 (w, broad). The remainder of the material was dissolved 
in DzO and the TLC (silica G, 15:3:5 BuOH-HOAeH20) showed 
one spot (uv active) with R/ 0.65 and which stains Prussian blue 
with KsFe(CN)6-FeCb reagent and rose gray with ninhydrin 
reagent; NMR (D2O + DSS) showed 4 H at  6 2.88-3.36 (m), 1 H 
a t  6 6.92 (s), and 1 H a t  6 7.40 (s). The NMR spectrum of the 
solution was monitored for over a 3-day period and showed no 
changes although a faint color developed. On evaporation of the 
water the residue rapidly turned brown. 
3,4-Dihydroxy-6-iodophenylethylamine-l-1~C Hydro-  

bromide. [WIHydrogen cyanidela was trapped in 0.2 ml of 0.05 
M NaOH (1.0 x 10-5 mol) and the resulting solution evaporated 
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was obtained by dissolving the white solid in ether, treating with 
decolorizing carbon, and triturating the product with ether-- 
pentane (1:l): NMR (acetone&) 2 H a t  6 3.80 (s), 1 H at 6 7.08 
(s), 1 €I a t  6 7.32 (s), and 2 H a t  6 8.36 (s, broad); ir (KBr) 4.42 
p (nitrile); Xmax (ethanol) 290 nm ( t  3892). -4nal. (CsHdN02I 
C, H. 

3,4-Dihydroxy-6-iodophenylethylamine Hydrochloride 
(l.HC1). To 0.025 g (9.1 X 10-5 mol) of 8 in 0.2 ml of T H F  was 
added 0.8 ml of borane solution (Alfa, 1.1 M in THF) and the 
reaction mixture was allowed to stand a t  25’ for 10 min. The 
solvent was removed using a stream of N2 and 1 ml of 1 1 2 0  
acidified with HC1 added. This was evaporated to dryness and 
D20 added. .4 TLC of the resulting solution on silica G using 
15:3:5 BuOH-HOAc-€120 showed one spot (uv active) with Ri 
0.65 which stains Prussian blue with K3Fe(CN)6 -FeC13 reagent 
and rose gray with ninhydrin reagent. The NMR (D20 + DSS) 
was identical with that of the material produced by BBr3 cleavage 
of 5 .  

Acetylation of 5. T o  0.111 g of 5HC1 (3.23 X 10 4 mol) in 
2 ml of Hz0 was added 0.5 ml of 10 M NaOH. The free base was 
extracted into ethyl acetate-ether (1:l). The extracts were dried 
(KzCO:I) and the solvent was removed using a stream of nitrogen. 
To  2 ml of CHzC1z and 2 ml of BBr3 solution (10% in CH2CIr) 
was added, with stirring, the amine in 3 ml of CHZClr. This was 
stirred for 10 min and the solvent and excess BBr3 were removed 
with a stream of nitrogen. An additional 2 ml of CHzClr was added 
to the residue and the solvent removed again. The residue was 
dissolved in 3 ml of water and 1 g of NaHC03 was added followed 
by the dropwise addition 0.5 ml of acetic anhydride. The mixture 
was stirred for 15 min or until gas evolution ceased. The mixture 
was extracted with CH2C12, the extracts were washed with water 
and dried over K2C03, and the solvent was removed to yield 0.098 
g (75%) of 10 as a colorless oil which slowly crystallized on 
standing in ether: mp 76.5-78’; NMR (CDC13) 3 H at 6 1.92 ( s ) ,  
6 H at ci 2.24 (s), 2 H at  d 2.8-3.0 (m). 2 H at b 3.2-~3.6 (m). 1 H 
at d 5.92 (s, hroad), 1 l-I at 6 6.96 (s), and 1 H at 6 7.51 (s); ir (KBrr 
1771 cni 1 (C-0); MS (80 eV) m / e  405 (M+, 8), 278 (SI+ - I, 31), 
2662 ( loo) ,  249 (SO), 236 (40), 194 (53). 136 (85). Anal. IC1.i- 

Animal Experiments. Two mongrel dogs (anesthetized with 
Yurital) were injected with 100-1500 pCi of radioiodinated 6- 
icxitdopamine (1.29 x 10-4 mol) in saline. The dogs were sacrificed 
at  2 and 24 h. Three samples of large organs were taken and 
averaged and small organs (ovaries, adrenals, and thyroids) were 
taken intact and counted. Mice and rats were injected in- 
travenously (8- 11 x 10 8 mol/mouse and 3.6 X 10 8 mol/rat) and 
sacrificed by  ether overdose. Whole organs were counted. 
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Rased upon the antimalarial activities demonstrated by compounds I and I1 a series of amino ethers represented 
hy structures 111-VI was synthesized. These structures incorporated several modifications of compound 11. The 
compounds prepared displayed no activity in either the Rane P. berghei mouse screen or the Rane P. gallinaceurn 
sporozoite-induced chick test. 

A series of substituted tetrahydrofuran derivatives was 
recently synthesized by Marxer.1 3 One of these, 2-(4- 
chlorophenyl)-2-(4-piperidyl)tetrahydrofuran (I), was 

found to possess both prophylactic and curative anti- 
malarial activity in animals.3 More recently, McCaustland 
et al.4 synthesized a number of compounds structurally 


