
EG9601793

NUCLEOGENIC RADIOIODINATION OF
O-IODOHIPPURIC ACID (O-IHA) VIA MOLTEN

ACETIC ACID ANALOGS (AAA)

BY
G.El-Shaboury, M.T.El-Kolaly, A.El-Wetery,

A.El-Mohty and M.Raieh
Radioisotope Production and Labelled Compounds Dept.,

Hot Labs. Centre, Atomic Energy Authority,
P.O.Box 13759, Cairo, Egypt.

ABSTRACT

A recent study for nucleogenic radioiodination of 0-

iodohippuric acid (0-IHA) in dry-state (i.e. Molten state)

with radioiodine in molten acetic acid analogs (AAA) has

been investigated. The result investigated has been revealed

that the molten ammonium acetate (m.p. 114°C) fulfills the

desired requirements for achieving high and pure radio-

chemical yield up-to 95% within 5 min at 120°C/ when used as

a molten medium for the no-carrier added isotopic exchange

reaction between inactive O-IHA and lyophilized ethanolic
131 —

solution of sodium iodide ( I ) . On the other hand, the

different critical parameters which affecting the isotopic-

exchange reaction in molten state previously described are

discussed to evaluate the chemical principles of the

reaction. Also the product obtained is completely free from

the different impurities currently found in commercial radio-

iodinated hippuran usually obtained by molten techniques

such as glycyl-O-iodohippuric acid (g-OIHA) as well as O-

iodobenzoic acid (O-IBA), which are investigated by TLC

silica gel-60 using the organic phase of the following

solvents; benzene: acetic acid: water: n-butanol in the

ratio of 5:5:2:1 as developing solvent.
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INTRODUCTION

Since 1960 (1) up-to-date there are several remarkable

techniques and methods for incorporation of radioactive

iodine atom into the O-iodohippuric acid molecule (O-IHA).

This is due to the unique application of the radioiodinated

compound sodium salt (hippuran) in the field of nuclear

medicine as reasonabel tool for investigation of the

individual kidney function(2-5). Basically there are several

conditions trials interested on the development of the

techniques of production to attain the highest yield of

radioiodination and highest quality with reasonable time

taken into consideration the short half-lives of some radio-

iodine nuclides such as iodine-123 (t - 13 h) . Therefore,

it is optimal during its preparation the side reaction is

avoided and the product is as radiopharmaceutical pure as

possible (6).

Recent articles (7-9) which are interested in this

class of radiopharmaceutical chemistry have been revealed

that chemical isotopic or non-isotopic exchange reaction is

an important class for incorporation of radioactive iodine

atom into the halogenated organic molecules either aliphatic

or aromatic, and the reaction in both cases being feasible.

In the principle of the chemical exchange the reaction can

be proceed either electrophilic via iodonium ion ( I ) (i.e.

electrophilic mechanism) or nucleophilic via negative iodide
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ion ( I ) (i.e. nucleophilic mechanism), where, the exchange

reaction is proceed well in aqueous (10-12) or organic

medium (13,14). Experimentally in both cases of mechanisms

there are many factors having a great influence on the

velocity of exchange reaction and therefore on the yield of

exchange obtained. Although isotopic or non-isotopic exchange

of radioiodine with the halogenated aliphatic compounds is

usually performed in refluxed aqueous or organic solution,

aromatic halogenated compounds require high reaction temper-

atures (15) to increase the velocity of exchange, where the

reaction proceeds either by electrophilic substitution

mechanism or nucleophilic substitution mechanism and the

higher is the temperature the higher is of course the

velocity of exchange. Therefore, higher boiling point

solvents, such as some glycol have been used to fulfill this

purpose to attain higher reaction yield as well as higher

reaction velocity with reasonable time. On the basis of

these results we reported in 1991 a method for radioiodina-

tion of 4-iodoantipyrine with radioiodide utilizing the melt

fashion technique (16) on which both the substrate and radio-

iodine are allowed to exchange at 160-165°C in the presence

of mild amount of ammonium sulphate or di-ammonium hydrogen

orthophosphate to accelerate the velocity of exchange due to

that the gradual loss of ammonia increases the acidity of

the molten medium and the method afforded a yield over 95%

within reasonable time of 2-5 min.
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In this work, we examined different acetic acid analogs

(AAA) for the nucleophilic radioiodination of O-IHA with

radioiodine but the method as shown in this work revealed

that the pivalic acid is completely radioiodinated with the

formation of different radioiodinated acetic acid analogs

( I ) iodinated (AAA), and the same results are obtained

when pivalic acid is changed by chloroacetic acid and tri-™

chloroacetic acid, also the same results are obtained when

these analogs are conducted in the reaction without the

substrate i.e. O-IHA.

This result has led us to use another acetic acid analog

and we are found that ammonium acetate (m.p. 114°C) fulfils

the desired requirements for nucleogenic radioiodination of

O-IHA with radioiodine on molten state with higher yield up

to 95-99% within reasonable time of 5 min.,when the exchange

reaction is conducted at 120°C. The method is simple and

allows us to obtaine the pure compound without any by-

products currently found in commercial hippuran which pro-

duced by molten techniques such as radioiodinated glycyl-O-

iodohippuric acid (g-OIHA) and O-iodobenzoic acid (O-IBA) as

well as some unknown compounds (6).

Chromatographic analysis have been commonly used to

determine the yield % of exchange and the purity of the

final product i.e. TLC and HPLC. The final product is dis-

pensed in pharmaceutical form as sterile injectable solution
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as described in Britich Pharmacopeia as pure as radiopharma-

ceutical product (18).

EXPERIMENTAL

Materials and Method:

Nucleogenic Radioiodination Technique in Molten-State

Using Molten-Ammonium Acetate as Molten-Mediun for the

Isotopic Exchange Reaction:

To a quick-fit with a pure nitrogen gas transport

glass vessel as shown in Fig. (1), transfer 1-6 mg O-IHA

(Merck) in 0.05 ml absolute ethyl alcohol, 5-25 mg ammonium

acetate in 0.05 ml absolute ethyl alcohol followed by 0.05

ml to 0.15 ml carrier and reductant free Na I in 0.02 to

0.03 M NaOH (100-300 MBq) after dissociation to the V-shaped

bottom tube and the volume is completed to 0.5 ml using

absolute ethyl alcohol. The whole contents of the V-shaped

bottom tube are subjected to dryness using a pure gentle and

dry nitrogen gas up to dryness and then allowed to melt at

114 - 120°C for 5 min, followed by cooling in ice bath. Then

the product is dissolved in 1 ml of the following solution.

EDTA: 1.7xlO~~5 mol/1, NaOH: 2.5xlO~3 mol/1, N H3PO4:

4.6xlO~4 mol/1 and NaCl: 1.7X10"1 mol/1.

with these conditions a specific activity of 100-300 MBq/mg

O-IHA can be obtained as extremely pure as radiopharmaceuti-

cal product. The product is subjected to TLC chromatographic
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Nitrogen gas
outlet.

Nitrogen gas
inlet.

Silicon oil bath

Fig. (1) : Quick-Fit Reaction Glass Vessele

for Molten-State Isotopic Exchange.
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analysis using the organic phase of the following solvents

benzene: acetic acid: water: n-butanol (5:5:2:1) (19) and

silica gel-60 aluminium backed plate (Merck), where the Rf

values of the different products which may be found beside

the radioiodinated O-IHA are: Rf of i" - 0.05+0.02, Rf of

g-OIHA 0.25 ± 0.0, R£ of O-IHA « 0.48 ± 0.5 and Rf of OIB «

0.81 ± 0.05. Then after the TLC - analysis the product (over

9 8% O- IHA) is subjected to purification by passing it

through AgCl impregnated filter paper (W. No. 3, 0.33 mm

thick). Comparable yields are also obtained using different

acetic acid analoges i.e. pivalic acid, tri-methyl acetic

acid), chloro-acetic acid and tri-chloroacetic acid as well

as performing the reaction conditions at different reaction

temperatures, concentrations and time. On the other hand,

the' gradual decomposition products of the ammonium acetate

i.e. ammonia and acetic acid can be removed by subjecting

molten reaction content to 120°C and passing a gentle stream

of nitrogen gas conducted with granulated charcoal trap on

the out-let arm of the vessel. HPLC analysis of the final

compound confirmed both chemical (U.V.) and radiochemical

purity. Radiochemical yields afforded by the method are

included in Table 1, and in all cases, radiochemical purity

exceeded 99% with a specific activity of 100-300 MBq/mg,

also the final product is stabilized by 1% benzyl alcohol

and the product is stable for 4 weeks.
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RESULTS AND DISCUSSION

The different factors investigated in this work were

all directed towards the reinvestigation of a simple rapid

and efficient method for production of [0-1 I] iodohippuric

acid by a no-carrier-added isotopic exchange reaction on

melt. Therefore, time and easiness of the procedure as well

as high radiochemical yield % and high quality product (free

from [0- I] iodobenzoic acid and [0- I] glycyl-iodo-

hippuric acid) were considered in our work.

Basically we have examined the efficiences of different

acetic acid analoge used as molten medium for the no-carrier-

added isotopic exchange reaction. The results obtained upon

subsequent nucleophilic radioiodination of the intact 0-IHA

with Na I revealed as shown in Table (1) that ammonium

acetate (m.p. 114°C) fulfils the desired requirements when

used as molten medium for the isotopic exchange reaction at

114-120°C within 5 min. The method affored an improved radio-

131
chemical yield % of over 98.0% as pure as [0™ I] IHA and

specific activities of 100-300 MBq/mg O-IHA. The efficiency

of our reaction technique has been attributed to acetic acid

formation due to the sustained gradual release of ammonia

gas from the molten ammonium acetate, which leads to

decrease the pH of the medium of exchange which facilitate

the rate of the isotopic exchange at 114~120°C, and inhibit

the decomposition of the substrate i.e. 0-IHA, among the
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Table (1): Distribution of the Radiochemical Yields % of the Nucleogenic

Radioiodination of O-IHA with Na

Differents A.A.A. as Molten on TLC.

Radioiodination of O-IHA with Na I in Molten-State Using

**
SyBtems

1) O-IHA

A.A.A.

2) O-IHA

Ammonium acetate

3) O-IHA

Chi. acetic A.

4) O-IHA

Pivalic A.

5) O-IHA

Trichloro acetic
acid

6) O-IHA

Chloro acetic A.

7) O-IHA

Trichloro acetic
acid.

mg

6

0

6

25

6

25

6

25

6

25

0

25

0

25

fovnn

°c

170-
172

114-

120

11

t §

11

11

11

* * *

Radiochemical yields %

1 3 1 I - ,-O131IHA O-131IHA O-131IBA
R -0.0 R » 0.3 R »0.48 R = 0.7

4.76 5.04 79.3 11.0

1.80 - 98.2

7.18

10.30 -

11.72 -

23.00

11.72 -

131I-AAA

Rf=0.9~
1

-

92.82

89.70

88.28

77.00

88.28

* Silica gel 60 Aluminium Backed Plate and a Developing Solvent Consists of

the Organic Phase of the Following Solvents:

(Benzene: H O : Acetic A.: n-Butanol ( 5 : 5 : 2 : 1 ) ) .

** Reaction conditions: Na I« 100-300 MBq and time= 5 min.

*** The values indicated in this table represent the mean values of at least

four experiments.
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result obtained by subjecting the substrate and Na I at

165-172°C as shown in Fig.(2a).

On the other hand, in order to study the applicability

of different variety of acetic acid analogs as molten media

rather than ammonium acetate for this isotopic exchange

reaction on melt, we have examined chloroacetic acid m.p.

61-65°C, pivalic acid m.p. 34-35°C and trichloroacetic acid

m.p. 55-60°C where the isotopic exchange reaction between

O-IHA and Na I firstly subjected at the m.p. of each acid

and secondly at 114-120°C. The results obtained through out

this study indicate that these molten media were completely

radioiodinate by increasing the temperature up to 120°C with

radiochemical yields % of 77-99% and the same results were

reobtained when the reaction subjected without the substrate

i.e. O-IHA as shown in Figs. (2b) and (2c).

Also, the influence of the molarity of the NaOH

solution on which radioiodine is currently'dispensed in it

on the radiochemical yield % as well as the quality of the

product has been studied and the results obtained as shown

in Table (2) indicate that the best molarity investigated

was ranged between 0.02 and 0.03 molar NaOH to perform the

isotopic exchange and to achieve the desired requirement. On

the other hand, increasing the molarity more than 0.1M in

the radioiodine solution tends to inhibit the isotopic

exchange and the exchange yield dropped quantitatively to
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Distance i s cm.

f i g , (2b) t Radiochromatog^am of Nucleogaoic Radio-

iodinatiOB of O-IHA Using Chloro-A.A.

(Systeta«3) aad Pivalic Acid (Syst«m«4)

as Molten Madia Compared wifcb, the System-l

A.A. A.)*
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Distance io cm*

. (2c) : Radiochromatogram of Possible Radio-

iodinated ^ ^ A . A . A . formed on Using

Chloro-A.A. and Tri-ChlorO"-A.A, Each

Alone.(without substrate i.e. OIHAJ •
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Table (2): Apparent Influence of the Molarity of NaOH Solution on

which Radioactive Iodine-131 is Currently Dispensed on

It on the Radiochemical Yields %

Molarity

0.02

0.03

0.05

0.10

1 3 1 I -

3.50

1.80

3.90

11.00

Radiochemical yields 4

g-O131IHA

—

--

4.0

O-131IHA

96.5

98.2

96.1

78.0

O-131IBA

—

.—,

7.0



less than 10-15% when extra NaOH solution was added to the

medium. Basically, we can concluded that the concentration

of NaOH in radioiodine solution is one critical parameters

which affecting the rate of exchange due to the increasement

the alkalinity of the medium rather than the acidity on

which the exchange of the halogenated aromatic compounds

with radioiodide ion ( I*") is extremely depend on it (17).

Although the average m.p. of pivalic acid was 31-34°C,

the dry reaction mixture did not melt at 114°C-120°C, where

a solid mass was formed rather than melt and the melting was

occurred at high temperature about 155-160°C as yellowish

brown melt identified by TLC as radioiodinated acetic acid

analogs with R, ~ 0.9-1.00 and this phenomenon was increased

by increasing the molarity of NaOH in which Na I was

dispensed or by addition of more alkali to the reaction

mixture. Last and not least the ultimate purpose of our use

of iodine-131 with t - 8.04 d rather than iodine-123 with
1/2

t - 13 h. was due to firstly for its local production,

where the molarity of NaOH was determined between 0.02 to

0.03 molar and secondly for its half-life which was suitable

to centralize the radiochemical reaction conditions as well

as set the quality control measurements according to the

British pharmacopoeia (18).
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CONCLUSION

The use of ammonium acetate as a molten media for the

isotopic exchange reaction between radioiodine~13l as iodide

and O-iodohippurie acid gives us the desired radiochemical

yield as well as the desired optimal radiochemical purity

and allows to shorten the preparation time rather than other

acetic acid analogs (i.e. pivalic acid, chloroacetic acid

and trichloro-acetic acid).
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