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There are at present approximately 60 Institutions world-wide equipped with

some type of charged particle accelerator, preponderantly "small medical

cyclotrons" associated with one or more positron emission tomographs ( 1 , 2 ) .

The use of positron emitters in labeled compounds for biomedical research a l l

but disappeared post World Mar I I , being displaced by carbon-14 and trit ium In

biochemical and biological research, and by the single photon emitters

primarily 1odine-l3l and technetium 99m 1n biomedical research and cl inical

practice. Following the Introduction of a "medical cyclotron" at Hammersmith

Hospital In London a number of papers again began appearing ut i l iz ing si M e

oxygen-15 and carbon-11 labeled compounds. In 1966 a paper appeared which

served as a renewed stimulus to considering positron emitters for research and

clinical use (3 ) . As the positron emission tomograph allowing quantitative

determination of radionuclide (or positron emitter labeled compound) concen-

tration In a given volume element of tissue ^n vivo became more readily

available in the early and mid-seventies, the opportunity to use increasingly

sophisticated labeled compounds and labeled biomolecules manifested I t s e l f .

Compounds labeled with carbon-11, nitrogen-13 and fiuorine-18 described In the

literature prior to 1981 have been documented In a book on synthesis methods

(4) . Somewhat more recent reviews can be found in a number of book chapter

(5a,b). However, no extensive review of new labeled compounds is available

covering puoiished work of the last three years. I t 1s not the purpose of 1

this short paper to present such a review but rather to present some of the

more recent trends in labeling compounds with positron emitters.

Beginning with carbon-11 the traditional methods of preparing Uc-methanol

from HCO2 a n d t h e u s e o f ft* carboxylation of a Grignard with UCO2 * • *« b e e n

applied with advantage In preparing a host of labeled ethers, alcohols,

ketones and hydrocarbons for use in studying the relationship between

Upophiiicity and brain extraction (6) .
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Ntw approaches to preparing M l no adds with the label In the 3 position

have bttn described by Langstrdm and colleagues (7) by util izing ctrbon-11.

The use of chirai hydrogenation catalysts for tht partial asyawttric synthesis

of L-[3-Ucjp}itnyla1an1nt (9) has also bttn rtporttd by these authors.

Anothtr nort recent approach to labeling mi no acids 1s the further elabora-

tion of the carboxylation of a Hthio1socyan1des by the Groningen group who

have prepared DLCl-^Cjproiine hy the carboxyiation of a I i thio pyrrol idyl-N-



undergo facile metabolism of the labeled position 1n_ vivo. Thus demethyiation

of [Uc>etl>y1 or decarboxylation of [Uc]c«rboxyl or Indeed the labeling in

any metaboHcaiiy labile position with 1*C can render the labeled compound

less useful as a tracer than a synthesis leading to a label 1n a stable

position. An exception* of course, 1s the use of [UC]carboxyl labeled ami no

adds for the quantitative measurement of regional protein synthesis (27).

Increased emphasis on fiuorine-18 fluoride 1on as a labeling agent 1s

becoming apparent In the more recent literature. While a large number of

fluoMne-18 precursors have been made, only two 18F-Fz and 18F-F- (25) have

enjoyed widespread use. Any number of syntheses of 18-FDG have appeared in

the literature since Its In i t ia l description 1n 1978 (29). Two recent

syntheses (30,31) uti l ize Cl8FJf1uor1de 1on In the preparation of 18FDG. High

yields of a pure product can be obtained. The Hamacher (31) synthesis may

prove to be the more useful because of the ready availability of the precursor

and the simplicity of the reaction steps.

The use of nucieophilic aromatic substitution as a labeling method was

investigated (32,33) and then applied to the labeling of fluorinated

butyrophenone compounds (34) and fluorine-18 labeled N-methylspiperone (35)

(cf. [Uc]labeled compound reference). A comparative study of fluorination

with C18F]fluoride 1on has also been recently reported (36). Fluorinated

estrogens utilizing 18p fluoride ion have also teen prepared (37).

Syntheses with nitrogen-13 and oxygen-15 are less common and will not be

reviewed here.

CONCLUSION
With the Increasing active Interest in PET as a method for studying

biochemistry in normal and pathological, states in humans we can expect to see
the development of new techniques for precursor preparation and synthesis. He
have seen a doubling of the publication rate in the past three to four years
over the previous three to four year period. As the need for these compounds,
especially in the tumor and receptor areas, in a purely clinical setting,
increases the trend towards true automation of production of the most needed
compounds will accelerate. The cyclotron manufacturers all offer "black
boxes" for synthesis but the optimum approach to user friendly automation yet
needs to be defined.

I would again note that this paper was not Intended as a comphrehensive
review but rather my goal was to highlight just some of the exciting
developments of the past several years. We are entering what may well be the
most extensive and active period of research In the synthesis of positron
emitter labeled compounds. If 1984-1985 Is any gauge, many new Methods and
compounds will appear in the next several years.
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