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Abstract Radiolabeled long-chain fa t t y acids have
diagnostic value as radiopharmaceutical tools in myocardial
imaging. Some applications of these fa t ty acids are
l imi ted due to the i r natural metabolic degradation in vivo
wi th subsequent washout of the rad ioact iv i ty from the
myocardium. The ident i f i ca t ion of structural features
that w i l l increase the myocardial residence time without
decreasing the heart uptake of long-chain fa t ty acids is of
in te res t . Fatty acids containing the tel lur ium heteroatom
were the f i r s t modified fat ty acids developed that show
unique prolonged myocardial retention and low blood
leve ls . Our detai led studies with radioiodinated
viny l iodide substi tutes tel lur ium fa t t y acids demonstrate
that heart uptake is a function of the te l lur ium pos i t ion .
New techniques of te l lur ium and organoborane chemistry have
been developed for the synthesis of a variety of radio-
iodinated iodoalkenyl tel lur ium fa t t y acids*

INTRODUCTION
The introduction of the tellurium heteroatom (Te) in the fatty

acid is a unique strategy devised to inhibit B-oxidation and

"trap" the fatty acid in the myocardium.1 The Te fatty acids

were the f i rs t examples of modified fatty acids in which

catabolism is inhibited resulting in significantly prolonged

heart retention. Such retention is required for the state-of-

the-art single photon computerized tomographic (SPECT) imaging

methods used in nuclear medicine to evaluate the regional

distribution of radiopharmaceuticals in the heart. Tellurium

can be readily incorporated while maintaining the l inearity of

the fatty acid molecules. Tellurium-123m-labeled 9-tellura-

heptadecanoic acid (9-THDA) shows rapid and pronounced
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myocardial uptake in ra ts 2 and dogs.3 '4 The unique properties

of 9-THDA and related tel lurium-substituted fat ty acids are

prolonged myocardial retention and high heartrblood ra t ios .

To take advantage of the more at t ract ive radionuclidic and

chemical properties of the iodine-123 radioisotope (13.3 h

h a l f - l i f e ) in comparison to tellurium-123 (119 d h a l f - l i f e ) ,

the development of radioiodinated fa t ty acids containing stable

te l lur ium has been explored. We have pursued a variety of

synthetic strategies i ~ / for the introduction of te l lur ium into

the fa t ty acid chain and radiohalogen as a terminal vinyl

iodide. We have now prepared for the f i r s t time a series of Te

fa t t y acids containing the internal alkenyl iodide moiety.

lodoalkyl-substituted tellurium fa t ty acids such as

17-iodo-9-telluraheptadecanoic acid have been prepared by a

simple route involving halogen exchange of l7-bromo-9-tellura-

heptadecanoic acid (BTHOA).8 A study of the tissue

dis t r ibut ion of radioact iv i ty of BTHDA in rats showed

accumulation of radioact iv i ty in the thyroid indicating in vivo

deiodination of th is agent. Methods have Deen developed to

introduce radioiodine as an alkenyl iodide moiety in the fat ty

acids to inh ib i t in vivo deiodination.

Kabalka, Sastry and Somayaj9 showed that vinyl iodides can

be readily prepared via the sodium iodide-chloramine-T

treatment of the corresponding boronic acids. This reaction

greatly fac i l i ta ted the synthesis of a variety of

iodovinylalkyl iodides as precursors for the synthesis of

radioiodinated te l lur ium fatty acids. A general route for the

synthesis of iodovinylalkyl iodides was developed ear l ier as

shown in Scheme I . Several agents have been prepared by th is

strategy (a-c, Table 1 , Scheme I ) .

SYNTHESIS OF NEW ALKENYL TELLURIUM FATTY ACIDS

In order to evaluate the effects of Te position and the



Table ! • Precursors used for the synthesis of t e l l u r l u n fa t ty a d d s .

Fatty add Dltodoalkene substrate DUellurlde substrate

(
(18a)

(CH2)u-Te-(CH2)3-C00H
) (6a)

(20c)

[-Te-(CH2)3-COOEt]2

oc
H/ v'(CH2)7-Te-(CH2)7-C00H

(Mb)

H/ ^(CH-jK-Te-tCH-Jq-COOH
(18c)

Hv ^\
n3C-(Crt2)5-C»C-(Crt2)3-le-(CH2)3-CUUH

(20a)

H3C-(CH2)5-C>C-(CH2)3-"e-(CH2)5-C00H

(20b)

H ,C-(CH ,) ,-C»C-(CH ,) ,-Te-(CH ,) ,-COOH

H^ (CH2)6-CH21
(6b)

I N ^H

H" "(CH2),,-CH2I
(6c)

H3C-(CH2)5-C-C-(CH2)3-1

(14a)

(14a)

H3C-(CH2)7-C-C-(CH2)3-I

[-Te-(CH2)7-C00Me]2

[-Te-(CH2)9-C00Me]2

(15c)

(i5a)

[-Te-(CH2)5-C00Me]

(15a)

3
O
o

m
o

o
o

H 3C-CH 2-C-C'(CH 2 ) ,-Te-(CH 2 ) 3-C00H

(20d)

H3C-CH2-C*C-(CH2) , - I

(15a)
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HC=C-R'-CH2OH

(?)

I Ts-CI

HC=C-R*-CH2-OTS

(?)

Nal

HC=C-R' -CH 2 I

I CATECHOLBORANE

HO OH

x • /»
c=c

H N R ' - C H 2 I
(§)

Nal CHLORAMINE-T

. / H

/ c = c \

H NR'-CH2I

Scheme 1
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introduction of iodine as an internal alkenyliodide, we have

now prepared for the f i r s t time a series of internal

alkenyliodide Te fa t ty acids. The general procedure for the

preparation of internal alkenyl iodides (Scheme I I ) involves

protection of the hydroxyl group of a terminal acetylenic

alcohol {7) by reaction with dihydropyran with subsequent

coupling with the requisi te alkyl bromide to form the internal

alkyne (9_). Following acid cleavage of tetrahydropyranyl ether (9_),

the free alcohol (10), was converted to the tosylate (1_1_). The

tosylate (1JJ was converted to the iodide {\2) by treatment

with KI and iodide then converted to tha isomeric (4,5) mixture

of the internal alkenyl boronic acid U3_). In this way a

series of substrates were prepared and iodinated using sodium

iodide and chioramine-T to yield isomeric mixture of

diiodoalkenes 1^ (a-d, Table 1 , Scheme I I ) .

The diiodoalkenes [6_ and 14) were coupled with the

requisi te sodium (alkoxycarbonyl)alkyl te l lu r ide substrates

(16, Scheme I I I ) to provide the te l lur ium fat ty acid esters

(17 and ^ 9 ) . The te l lu r ides (16) were generated by in s i tu

NaBH^ reduction of the dialkyl ditel1uraalkanedioates (15),

which were prepared by alkylation of Na^Te2 with alkoxy-

carbonyl-(i>-bromoalkanes. The fat ty acid esters were obtained

af ter pur i f icat ion ( s i l i c a gel column chromatography) and

converted to free fa t t y acids (lj$ and j?0) by basic hydrolysis

using 1 N sodium hydroxide in boi l ing ethanol. The deta i ls of

the preparation of these analogues are summarized in Table 1

and Scheme I I I .

BIOLOGICAL STUDIES

Tissue d is t r ibut ion studies were performed using l 2 5 I - labe led

te l lur ium fat ty acids, which were prepared by Na125I conversion

of boronic acids, followed by coupling with the sodium te l l u ro l

and hydrolysis with base. The l 2 5 I - labe led fat ty acids were
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(7)

con.HCI f| j
1

CH3(CH2)5Br
UNH2-NH3 , other; -78* C

-L JH,C(CH2)SC=C-(CH212CH2O-L

<2>

I c. HCI
H2O, reflux

H 3C(CH 3)5-C =C - (CH JJJCH 2OH
(tOi

P - totuenesulfonyl chloride, pyrldine

C H
3

(11)

I Nal

(12)

H B(OH)2

(13)

IH I
\ /

- C = C-(CH2)K-I
(14)

Scheme 2
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NaH + Te

OMF

Br-R' -COOR"

R"OOC - R1 - T » -Te -R* - COOR"
(15)

NaBH,

Na-Te-R'-COOR"
(16)

4<14)

\ /
c=c

H R-Te-R'-COOR"

NaOH

c=c

1 R-Te-R'-COOH
(18)

\

\ (CH2)K-Te-(CH2)y-COOR"

(19)

\ (CH2)X-Te -(CH2)y -COOH

(20)

Scheme 3



Table 2. Distribution of radioactivity 1n tissues of Fischer 344 female
rats following Intravenous administration of E-[l25I]1odoalkenyl tellurium

fatty add analogues.

Fatt

aft

y acid,
utes
er

Injection

18a

18b

18c

20a

20b

20c

20d

5
30
60

5
30
60

5
30
60

5
30
60

5
30
60

5
30
60

5
30
60

Heart (H)

3.99
4.64
4.33

4.83
3.76
5.17

3.09
3.05
3.63

5.11
5.76
6.52

4.17
4.76
5.66

2.07
1.11
0.66

2.83
1.39
0.80

Mean

Blood (E

0.11
0.16
0.19

0.23
0.45
0.36

0.45
0.66
0.67

0.33
0.48
0.32

0.65
0.67
0.49

1.66
1.20
0.89

1.02
0.95
0.82

percent Injected dose/gm
Tissue

I) Liver

6.56
5.53
7.33

6.41
5.69
4.87

8.33
6.49
5.15

14.23
11.51
9.24

15.6
12.1
9.3

9.83
5.12
3.39

10.08
5.35
4.39

Lungs

1.47
1.54
1.16

1.63
1.52
1.57

2.49
2.06
2.07

0.67
0.57
0.50

2.29
1.95
1.84

2.46
1.14
0.78

2.89

o!84

Kidneys

1.02
1.02
1.16

1.58
1.38
1.52

2.22
1.85
1.92

. . .

2.41
2.41
2.23

2.47
2.17
1,26

2.14
2.15
1.67

Thyroid

6.03
11.6
14.1

9.21
15.0
24 ,.8

29.0
29.0
37.0

10.44
17.19
28.78

10.3
11.7
13.9

21.8
65.5

118.0

14.2
47.8
69.7

Mean
H:B

ratio

37
30
23

21
a

14

7
5
5

15.5
12.0
20.4

6.4
7.1

11.2

1.3
0.9
0.7

2.8
1.5
0.9

-Q

7 3
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complexed with bovine serum albumin and injected intravenously

in to female Fischer r a t s . 5 The tissue d is t r ibu t ion data af ter

d i f fe ren t time intervals are summarized in Table 2 . 5 A

dramatic relationship is seen between heart uptake, myocardial

retention heart/blood rat ios and the posit ion of Te heteroatom.

CONCLUSION

The data from these studies have demonstrated the dramatic

ef fect of te l lur ium posit ion on the heart uptake of iodoviny l -

te l lu r ium fa t ty acids (18a-18c), among which the 5- te l lu ra

analogue 18a shows the highest myocardial uptake. However, the

results obtained from internal alkenyl te l lu r ium fa t t y acids

(20a-20d) demonstrate an unexpected relat ionship between fa t t y

acid strucutre and myocardial uptake and clearance propert ies.

Although the factors determining the in vivo properties are not

c lear , these studies have shown that a combination of chain

length, Te position and the relat ive posi t ion of the internal

iodoalkenyl subst i tut ion are important factors . The most

in terest ing result is the clearance of analogues 20c and 20d

which has not been demonstrated with other analogues.
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