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ABSTRACT

microfabricated devices for radiosynthesis, 1solation, and
analysis of radiotracers for use in Positron Emission Tomog-

ses onto microfabricated devices, and 1n particular to use of
raphy (PET).

This invention relates to the miniaturisation of radiosynthe-
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USE OF MICROFABRICATED DEVICES

[0001] This invention relates to the miniaturisation of
radiosyntheses onto microfabricated devices, and 1n particu-
lar to use of microfabricated devices for radiosynthesis,
1solation, and analysis of radiotracers for use 1n Positron
Emission Tomography (PET).

10002] The short half lives of the radioisotopes used for
PET radiochemistry require that radiosyntheses are currently
carried out rapidly and efficiently. Radiosyntheses and 1so-
lation of radiolabelled products are carried out using auto-
mated systems which are contained in large lead shielded
“hot cells” to prevent radiation exposure to the operator.
Such systems typically handle liquid volumes in the range
0.2 to 0.5 millilitres, though the number of radioactive atoms
or molecules present is extremely small, typically 6.23x10"
atoms or molecules. The current approach to automation of
radiosyntheses 1s limited 1n flexibility and capacity and is
also space consuming. There 1s also a need for automated
radiosynthesis systems which are smaller, stmpler, more
flexible, multitasking, and with greater throughput capacity.

[0003] The radiosynthesis of radiotracers for PET
involves several steps ranging from radioisotope production,
incorporation of radioisotopes into suitable radiolabelling
agents, radiolabelling of precursors, puriiication of radiola-
belled products, and quality control analysis. Despite these
many steps, the short half-lives of the radioisotopes used,
require that the radiosynthesis 1s carried out rapidly and
ciiiciently.

[0004] We now propose that performing radiochemistry
on microfabricated devices will allow miniaturisation of
automated radiosynthesis systems, or components thereof
and hence may solve some of these problems. A major
advantage of the proposed technology 1s that 1t will provide
a generic system for performing radiochemistry with any
1sotope, for example, carbon-11 or {fluorine-18. This
approach may also allow simplification of automated syn-
thesis systems, increased radiochemical yield and speciiic
radioactivity of products because of shorter and more efli-
cient reactions and more rapid 1solation and analysis, and
higher throughput because of the use of mass-produced
disposable components.

[0005] Microreactors used for biochemical reactions have
ogenerally concentrated on developing continuous flow poly-
merase chain reactions (PCR) on a chip coupled with DNA
sequencing using capilliary electrophoresis (CE), and micro-
chip devices for performing enzyme assays. Until relatively
recently, microfabrication research has concentrated on
developing analytical microstructures rather than chemical
synthesis microstructures. Reviews of methods for construc-
fion of microfabricated devices and their application inter
alia in synthetic chemistry, may be found in DeWitt, (1999)
“Microreactors for Chemical Synthesis”, Current Opinion In
Chemical Biology, 3:350-6; Haswell, Middleton et al (2001)
“The Application of Microreactors to Synthetic Chemistry”,
Chemical Communications: 391-8; Haswell and Skelton
(2000) “Chemical and Biochemical Microreactors”, Trends
in Analytical Chemistry 19 (6), 389-395; and Jensen (2001)
“Microreaction Engineering—Is Small Better?” Chemical
Engineering Science, 56:293-303.

[0006] According to the present invention, there is pro-
vided the use of a microfabricated device for radiosynthesis,
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in particular, for radiosynthesis of a radiotracer suitable for
use 1n PET, labelled with a positron emitting radionuclide
such as 1C, '®F, or '*'I, ®*N, or 1°0.In a preferred aspect,
the radiotracer produced is labelled with *'C, '®F, or "1,
more preferably, *'C or **F. Examples of PET radiotracers
which may be prepared by the claimed methods include
2-[**Flfluorodeoxyglucose and L-6-[*F]fluoro-DOPA. Fur-
ther examples of PET radiotracers which may be prepared
by the claimed methods include 3'-deoxy-3'-fluorothymidine
(FLT), 2-(1,1-dicyanopropen-2-yl)-6-(2-fluoroethyl)-me-
thylamino)-naphthalene  (FDDNP), 5[**F]fluorouracil,
5[**Ffluorocytosine, and ['®F]-1-amino-3-fluorocyclobu-
tane-1-carboxylic acid ([**F]-FACBC).

[0007] The term “radiotracer” as used herein includes
carrier-added and no carrier-added radiolabelled com-

pounds, and in particular includes radioligands (compounds
radiolabelled at high specific activity).

|0008] The methods of the invention comprise one or
more of the following steps performed on a microfabricated
device:

0009°

0010] (i1) mixing and reaction of a radiolabelling agent
with a precursor, suitably a radiotracer precursor to
produce a radiolabelled product (suitably a
radiotracer);

[0011] (i11) chemical modification of a radiolabelled
product, suitably, to form a radiotracer;

(1) synthesis of a radiolabelling agent;

[0012] (1v) analysis of a radiolabelled product, suitably,
a radiotracer; and/or

[0013] (v) separation of a radiolabelled product, suit-
ably a radiotracer, from one or more byproducts.

[0014] As a further step, the methods of the invention may
also comprise pretreatment of one or more radioactive
reagents or a precursor used 1n the radiosynthesis.

[0015] Examples of such pretreatment include filtration,
pre-concentration, 1solation or activation of the reagent or
Precursor.

[0016] Therefore, according to a further aspect, the meth-
ods of the invention comprise one or more of the following
steps performed on a microfabricated device:

0017] (1) pretreatment of a radioactive reagent or a
P g
precursor (suitably a radiotracer precursor);

0018

0019] (111) mixing and reaction of a radiolabelling
agent with a precursor, suitably a radiotracer precursor
to produce a radiolabelled product (suitably a
radiotracer);

[0020] (1v) chemical modification of a radiolabelled

product, suitably, to form a radiotracer;

(11) synthesis of a radiolabelling agent;

[0021] (v) analysis of a radiolabelled product, suitably,
a radiotracer; and/or

[0022] (v1) separation of a radiolabelled product, suit-
ably a radiotracer, from one or more by-products.

[0023] Typically, the chemistries used in radiosynthesis of
radiolabelled products such as PET radiotracers include
iodination, for example with 10dine-124, methylation, for
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example using [''Cliodomethane, and nucleophilic fluori-
nations, for example using ['®F]fluoride. Thus, [*'Clio-
domethane may be used to form N—"CH,, O—""CH,, and
S—""CH,, bonds, and fluorine-18 may be introduced into a
variety of aliphatic and aromatic compounds via nucleo-
philic substitution.

10024] The methods and apparatus of the invention are
primarily intended for use with positron emitting radionu-
clides such as carbon-11 (half life 20.1 minutes), fluorine-18
(half life 110 minutes), and iodine-124 (half life 4.2 days).
Other suitable radionuclides include iron-52 (half-life 8.3
hours), cobalt-55 (half-life 17.5 hours), copper-62 (half-life
9.7 minutes), bromine-75 (half-life 98.0 minutes), bromine-
76 (half-life 16.1 hours), gallium-68, and technetium-94m
(half-life 53 minutes). However, the anticipated increase in
reaction rates that may be obtained using microfabricated
devices may permit application to development of more
complex radiochemistry with very short lived radioisotopes
such as carbon-10, (half life 19.3 seconds) nitrogen-13 (half
life 10.0 minutes), or oxygen-15 (half life 2.03 minutes). In
addition to use with positron emitting radionuclides the
devices described could also be applied to radiochemistry
with gamma emitters such as technetium-99m, indium-111,
gallium-67, 10dine-123, 10dine-125 and beta emitters such as
carbon-14, trittum and phosphorus-32.

[0025] In more general terms, the PET radiotracers which
may be prepared by the claimed methods include those
synthesised by the use of radiolabelling agents well known
to those skilled in the art, for example [''C]methane, [*'C]

carbon dioxide or ["'CJcarbon monoxide. These include
radiotracers synthesised by ['*CJalkylation or [**C]fluoro-
alkylation of —NH, —OH and —SH groups 1n suitable
precursors using ["'CJRX, wherein R is selected from
methyl, ethyl, n-propyl, 1-propyl, cyclopropyl, benzyl,
cyclopentylmethyl, cyclohexylmethyl, and fluoro or halo-
analogues thereof; and X 1s selected from halo, mesylate,
tosylate, triflate, nonaflate, nitrate, thiol, 1socyanate, lithium
and aldehyde. Examples of radiotracers thus prepared (using

a radiolabelling agent in which R is methyl) are shown in
Scheme 1.

Scheme 1.
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-continued
H
S =
e \/\'[/\COOH
NH,

L-[1-11C]Methionine

[0026] A second group of radiolabelling agents used are
those derived from Grignard reagents ["'CJRMgX' (R' is
selected from alkyl, cycloalkyl, alkenyl, and aromatic; and
X' is halo. These include acid chlorides R C]COCI, acids
RT"CJCOOH, alcohols R C]JCH,OH aldehydes R C]
COH and ketones R CJCOR' where R' is selected from
methyl, ethyl, n-propyl, 1-propyl, cyclopropyl, benzyl,
cyclopentylmethyl, cyclohexylmethyl, and fluoro or halo
analogues thereof. An example of a radiotracer prepared
using derivatives of Grignard reagents is [carbonyl- *'C]-4-
(2-methoxy)phenyl-1-] 2'-(N-2"-pyridinyl)cyclohexyla-
mido |-ethylpiperazine.

[0027] A third group of radiolabelling agents used are
derived mainly though not exclusively from [ C]methane,
include ["'C]JCN~ and [''C]CCl,. These are generally con-
verted to bifunctional radiolabelling agents such as [*'C]
phosgene, ["'Clurea and [ ' Clcyanogen bromide for radio-
labelling compounds of clinical interest. Examples of

radiotracers prepared using some of these are shown in
Scheme 2.
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[0028] Fluorine-18 1s introduced into compounds of clini-
cal nterest for PET studies mainly by nucleophilic substi-
tution reactions. Typically, ['*F]fluoride is prepared as an
anhydrous potassium salt complex with the phase transfer
catalyst Kryptofix 2.2.2. (trademark) or as a tetraalkylam-
monium salt or as a metal fluoride, in anhydrous non-protic
solvents such as acetonitrile, DMSO or DMF by standard
methods known to those skilled 1n the art. These solutions of
[**F]fluoride are used to carry out nucleophilic fluorinations
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by displacement of leaving groups such as halogens, mesy-
late, tosylate, triflate, nonatlate or sulphamate from a suit-
able precursor. Thus fluorine-18 may be 1ntroduced into a
variety of aliphatic, aromatic, heterocyclic compounds and
macromolecules via nucleophilic substitution on either
intact molecules or on small radiolabelling agents which
themselves may be subsequently used to radiolabel the
compound of imterest. For example compounds may be
radiolabelled using [lgF]ﬂuoroaﬂ{gIations with [**F]fluo-
romethyl-, [**F]fluoroethyl- and [**F]fluoropropyl- contain-
ing groups and others synthesised from ['“F]fluoride via
nucleophilic displacement of suitable leaving groups,
including halogens, mesylates, triflates, nonaflates or 10do-
nium groups. Examples of radiotracers synthesised from

®Flfluoride include 2-["*FJFDG, and 6-["°F]fluorodopa.

0029] PET radiotracers may also also radiolabelled with
iodine-124, either by direct iodination using [***I]iodide in
the presence of a suitable oxidising agent such as chloram-
ine-T or others known to those skilled 1n the art. Alterna-
tively it may be first incorporated into a small molecule,
usually aromatic and well known to those skilled 1n the art,
which contains a second functional group allowing 1t to be
chemically attached to the compound of clinical interest.
Iodine-124 1s particularly, but not exclusively, used for
radiolabelling macromolecules such as peptides, proteins,
antibodies and oligonucleotides.

[0030] According to a further aspect of the present inven-
tion, there 1s provided a microfabricated device adapted to
carry out one or more of these steps, thus comprising one or
more of,

0031] (1) microfabricated mixing and reaction device;
0032] (11) microfabricated analysis device; and/or
0033] (111) microfabricated separation device.

10034] Due to the nature of the radiolabelling agents and
radiolabelled products, such microfabricated devices are
typically provided with shielding to protect the operator
from radioactive contamination. Such shielding suitably
takes the form of a lead barrier or box around the device.
Furthermore, the microfabricated devices according to the
invention are suitably connected to or incorporate a means
of radiochemical detection, for example a positron detector
or HPLC system fitted with a radioactivity detector.

[0035] A microfabricated mixing and reaction element has
been designed to incorporate multiple capillary channels,
mixing chambers and is combined with heating elements.
Flow through the device may be controlled using pressure,
for example using micro-syringe pumps or electroosmotic
flow. A second analytical element, a planar plastic or glass/
silica microstructure etched with a single channel or mul-
tiple channels and incorporating an electrochemical detector
and linked to a positron detector, may be used to analyse
radiolabelled products. The device may be driven by pres-
sure or by an electroosmotic flow. A third microfabricated
device etched with multiple separation channels may be
used to separate and isolate radiolabelled compounds. The
methodology developed using these devices for radiolabel-
ling, 1solation and analysis of products may be combined
onto a single microfabricated device incorporating features

of the preparative analytical and separation elements
described.

[0036] In such devices, predetermined networks of micro-
channels or capillaries, typically 10-300 um, more typically
50-300 yum 1n diameter, are etched or otherwise machined on
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the surface of a substrate, suitably made of glass or silicon.
Alternatively, the microchannels may be created using poly-
mers (for example PEEK plastic, polydimethylsiloxane,
SUS (an epoxy based photoresist), epoxy resin, or polym-
ethylmethacrylate) which may be poured over a master
(usually glass), allowed to cure and then peeled off, or are
fabricated by injection moulding, hot embossing, casting,
lithography, or machining.

[0037] These channels may be sealed through bonding of
a cover plate, suitably made from a metal (for example, gold
or silver) or, more commonly, glass, creating a contained
network capable of manipulating picolitre volumes of liquid
or gas. The sealing method used depends on the materials
selected and may be selected from thermal bonding (for
glass chips), anodic bonding (for silicon chips), and for
polymer chips the secaling method may be selected from
clamping, gluing, application of heat and pressure, and
natural adhesion. Nanolitre and picolitre volumes may be
used for analytical aspects but the devices can handle flows
of up to hundreds of microlitres per minute. This could be
increased further, for example, by stacking multiple devices.
These devices are designed to be used either with micro
syringe pumps (available from Kloehen Limited, Las Vegas,
USA) or under electroosmotic flow using fused silica cap-
illaries for interfacing with reagents and analytical systems
(such as ultraviolet (UV), capillary electrophoresis (CE),
capillary electrochromatography (CEC), electrochemical,
refractive index, and radioactivity detectors).

[0038] Radioanalytical procedures have not previously
been carried out on a microfabricated device. A major hurdle
in achieving this has been the difficulty of interfacing the
microfabrcated device to external reagent supplies and suit-
able radioactivity detectors. Use of an online mimaturised

positron detector, (for example as described in WO
99/67656 or 1n Gillies et al, J. Label. Compds. Radiopharm.,

42, S886-S888 (1999)) will allow interface with the micro-
fabricated device via the capillary to a capillary electro-
phoresis (CE) or capillary electrochromatography (CEC)
system. When used with large (eg >1 mCi) amounts of
radioactivity the device may be linked to a conventional
HPLC system fitted with radioactivity and UV or electro-
chemical detectors.

[0039] The invention will be further illustrated, by way of
example, with reference to the following Drawings:

[0040] FIG. 1 is a diagrammatic representation in plan of
an individual microchannel element of the microfabricated
apparatus for performing radiosynthesis and synthesis of
radiolabelled products for use as radiotracers;

10041] FIG. 2 is a diagrammatic plan view of a micro-
channel analytical element of a microfabricated device
incorporating an electrochemical detector and connected to
a positron detector via a fused silica capillary or suitable

inert capillary bore plastic tubing (for example, PEEK or
TEFLON);

10042] FIG. 3 1s a diagrammatic plan view of the micro-
channel separation element of a microfabricated device
incorporating an electrochemical detector and connected to
a positron detector via a fused silica capillary or suitable
inert capillary bore plastic tubing (for example, PEEK or
TEFLON) for carrying out chromatographic separation of
radioactive and nonradioactive reaction products and pre-
CUISOTS;

[10043] FIG. 41s a diagrammatic view of a microfabricated
device capable of carrying out all the functions of the
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clements shown 1n FIGS. 1-3, namely mixing and reaction,
separation and analysis, on a single chip. This 1s shown
linked to inlet reservoirs for reactants and to a positron
detector and a manifold for collecting products or diverting
cluent to waste, via a fused silica capillary or suitable inert
capillary bore plastic tubing (for example, PEEK or
TEFLON).

10044] FIG. 5 is an HPLC trace of the product from
Example 1.

10045] FIG. 6 is a diagrammatic plan view of a micro-
fabricated total radiotracer synthesis system.

10046] Referring to FIG. 1, the mixing/heating or reaction
chip (5) is approximately 1 cm square and comprises glass,
plastic, silica, metal, or a composite of any combination of
these, microfabricated to provide inlet ports (1) and (2) for
the 1ntroduction of radioactive and nonradioactive reactants
in the form of gases, liquids or solutions or suspensions 1n
suitable solvents and an outlet port (3) for the collection of
the reaction mixture or components thereof. A third inlet port
(not shown) may also be incorporated at some point along
the microchannel to allow mtroduction of a third reagent, for
example, for use 1 a deprotection step. These ports are
linked to a system of microchannels which have been
microfabricated onto the structure and which introduce the
reactants into mixing channels (4) designed to provide rapid
and efficient mixing and hence leading to rapid and efficient
reaction and incorporation of radioisotopes into compounds
of interest for use as radiopharmaceuticals. Reactants may
be mftroduced onto the device using either microsyringe
pumps or 1n certain cases using electroosmotic flow. The
device may be heated, if required, by attachment of a
suitable heating element (6). This device may be used alone
or as a component of an automated radiosynthesis system to
replace conventional glass, or other material such as plastic
or glassy carbon, reaction pots currently 1n use, to simplily
the automated system.

[0047] The reaction chip shown in FIG. 1 may be con-
nected 1n series to, or stacked with, the device shown 1n FIG.
2, referred to as the analytical chip which 1s approximately
1 cm by 3 cm. This has an inlet port (7) and an outlet port
(8) for respectively introducing and collecting reaction mix-
tures, or components thereof, into or out of the microchannel
microfabricated onto the device. Two other ports (9) and
(10) act as inlet and outlet respectively for a suitable
clectrolyte bufler solution. Application of a voltage to the
device allows components of the reaction mixture or com-
ponent thereof, to separate based on the principles of cap-
illary electrophoresis. An electrochemical detector (13) con-
sisting of, for example, platinum electrodes may be
incorporated onto the device 1n such a position that 1t 1s 1n
contact with the flowing reaction mixture or component
thereof and 1s used to detect stable compounds in the
solution. The outlet port (10) is connected to a suitable
positron detector (11) via a fused silica capillary (12) or
suitable inert capillary bore plastic tubing (for example,
PEEK or TEFLON) for monitoring radioactive compounds.
The device shown 1n FIG. 2 may be used as a component of
an automated synthesis system, to simplify the system for
producing radiolabelled compounds for use as radiopharma-
ceuticals, for analysing reaction mixtures of radiolabelled
compounds or as a diagnostic device for checking the
progress of a radiosynthetic procedure. It may be combined
with the device in FIG. 1 (mixing, heating chip) to carry out
a radiosynthesis and analyse the products of this.

[0048] A separation device is shown In FIG. 3, which is
also approximately 1 cm by 3 ¢cm. This 1s microfabricated to
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consist of an inlet port (14) leading to a manifold (28) which
separates mjected reaction mixtures nto a series of parallel
separation channels (15). Application of a high voltage
across the device allows components of the reaction mixture
to be separated by capillary electrophoresis. The outflow
from all the channels 1s collected on an 1ncorporated col-
lection manifold (16). The collected eluate may then be
passed through an incorporated mixing chamber (not shown)
and thence to an incorporated electrochemical detector (13)
and passed via outlet (17) through a fused silica capillary

(12) or suitable inert capillary bore plastic tubing (for
example, PEEK or TEFLON) to a positron detector (11).
After passing the positron detector fractions of the sample
may be collected or passed onto the analytical device shown
in FI1G. 2. The device shown 1in FIG. 3 may be used as a
component of an automated synthesis system for producing
separating and analysing radiolabelled compounds for use as
radiopharmaceuticals.

10049] FIG. 4 illustrates diagrammatically how all the
features of the devices shown 1 FIGS. 1-3 are incorporated
onto a single device. Reactants are introduced from reser-
voirs or sources (18 and 19) via fused silica capillaries or
suitable inert capillary bore plastic tubing (for example,
PEEK or TEFLON) through inlet ports (20, 21) microfab-
ricated onto the device using either microsyringes (not
shown) or capillary electrophoresis. The reaction mixture 1s
then passed through a series of microchannels (22) where
reaction occurs. The reaction mixture i1s then passed via an
inlet (23) through an incorporated CE separation module
(24) consisting of a series of parallel microchannels as
described in FIG. 3. The eluate from the separation module
1s then passed through an incorporated electrochemical
detector (13) and thence via an outlet (25) through a positron
detector (11) followed by collection of desired product(s)
(positive) (26) or elution to waste (negative) (27). This
device 1s thus capable of carrying out all the steps 1 a
radiosynthesis; mixing and reaction, separation, 1solation
and analysis of product(s). The invention described may be
used as a component of an automated synthesis system for
producing, separating and analysing radiolabelled com-
pounds for use as radiopharmaceuticals.

[0050] FIG. 6 illustrates a microfabricated total
radiotracer synthesis system which 1s around 76 mm square.
All aspects of radiotracer production may be achieved 1n
confinuous flow on a single integrated microfabricated
device. Thus, reagents and precursors are introduced
through inlets (32), (33), (34), and (35) and may be subject
to a pre-concentration module (36), or filtration module (39).
Synthesis of a radiolabelling agent occurs (37) before mix-
ing and reaction of the radiolabelling agent with a precursor
to produce a radiolabelled product (38). Chemical modifi-
cation of the radiolabelled product (e.g. deprotection) occurs
(41) before purification (40), analysis (42), and formulation
(43). Final product exits through outlet (44) and waste
byproducts through outlet (45). A small cross-section of the
device shows construction from two glass plates (46) and

(49), the polymer substrate (47) containing a microchannel
through which the product flows (48).

[0051] The microfabricated devices described are

designed to handle liquid or gas flow volumes of 10 nano-
litres to 1 millilitre per minute however flow capacity may
be increased by using stacked or parallel arrays of devices.
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[0052] The invention will be further illustrated with ref-
erence to the following nonlimiting examples:

EXAMPLES

[0053] Preparation of a Microfabricated Device Suitable
for Radiosynthesis

[0054] 76 mm Low Reflective Chrome (Cr1000), print

ograde sensitised, soda lime glass substrates of thickness 0.06
inches were purchased from Nanofilm (Westlake Village,

Canada).

[0055] Microfabricated device design was done on a PC
running AutoCad LT for Windows 95. Masks made using a
direct write lithography system (prototype DWLII, Heidel-
berg Instruments) were used to shadow cast substrates. Wet
etching used an ageous solution 5% (7:1 NH,F:HF), 9.25%
HCl effecting etch rates of 0.2 um min~", all channels were
ctched to 30 um. Prior to bonding the pre drilled cover plate
(microscope slide) and etched substrate were sonicated in
DME, acetone and methanol (2 minutes each) and immersed
in concentrated sulphuric acid (2 hours). Further washing
with ultra pure water and drying under a flow of nitrogen,
preceded loading of the furnace (Thermicon P, Heracus
instruments). Thermal bonding used a 12 hour ramped

temperature programme with a maximum temperature of
600° C.

[0056] The following Examples demonstrate the principle
that microfabricated devices may be used to carry out
radiosynthesis.

Example 1

Radiolabelling of 2-[**F]fluorodeoxyglucose (FDG)
using [*®*Flfluoride

[0057]

AcO

Ac O"'ﬁ

l O
ACO/ \H\OAC
OR

R = triflate; nonaflate
Ac HO

0O
Ac O;, l HO}; .,
f » O
Or NaOH
ACO/ ao” OH

18F
2-[1*F|FDG

K*/Kryptofix
.
IBp-MeCN

[0058] Azeotropic drying of ['*F]fluoride was achieved
using the following method. A glass drying-vessel was
preloaded with Kryptofix[2.2.2.] (4 mg) and K,CO; (4.6
mg) dissolved in 200 ul H,O and 800 ul acetonitrile. Into this
vessel the aqueous [**F]fluoride (circa 1 ml) was added and
the vessel heated to 120° C. with an over flow of nitrogen
gas (circa 2 ml min™"). After 10 minutes of heating 1 ml of
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acetonitrile was added. Further 2 additions of 1 ml aceto-
nitrile measures followed at 10 minute intervals until the
fluoride was completely dry. Then with stirring at 80° C.
(circa 2 mm) the fluoride/Kryptofix|2.2.2.] residue was
reconstituted in 1 ml acetonitrile (circa 26% efficient).

0059] For ‘on-chip’ radiolabelling the dried K*/K 2.2.2/

18F]ﬂ1101‘1d6 in acetonitrile was infused (using precision
syringe drives) into one of the two chip inlets while tetra
acetylmannose triflate (FDG precursor) solution (10 mg in
500 ul acetonitrile) was infused, at an equal rate, into the
other. The total flow rate was varied between 5-100 ¢l min™
and the reaction was carried out at 75° C. to give 2-[*°F]
fluorinated tetraacetylated deoxyglucose. Product mixture
collected from the chip outlet was analysed by HPLC (NH,
Nucleosil column 10x 250x4.6 mm), flow rate 2 ml min~ ',
mobile phase: 80% acetonitrile, 20% water. The product,
unhydrolised FDG e¢luted at circa 2 minutes with no other

radiochemical fraction evident. Radiochemical yield was
20-49%, n>10.

[0060] The acetyl protecting groups may be subsequently
removed by acid or base hydrolysis by addition of an
aqueous solution of hydrochloric acid or sodium hydroxide
respectively. Thus, for example, by operating two microfab-
ricated devices 1n series to extend the fluorination step to the
deprotection step. 2-[**Flfluorinated tetraacetylated deoxy-
glucose, prepared as described above, was fed 1nto one port
of a second 1dentical device and aqueous sodium hydroxide
was fed mto a second port of the device. The solutions were
mixed at room temperature to give 2-[ "°F]fluoro-2-deoxy-
D-glucose 1n 24% radiochemical yield. This was a continu-
ous flow process, the residence time of the fluid on the
combined device network being less than 1 minute.

[0061] An HPLC trace of the resulting product is shown in
FIG. 5 in which peak (29) is 2-['®*F]fluorinated tetraacety-
lated deoxyglucose, peak (30) is [ **F]fluoride, and peak (31)

is 2-[**F]fluoro-2-deoxy-D-glucose.
Example 2

['C]Methylation of N-methylanaline

[10062]
O
14N(p5 &)llc ﬂ].. 11C02
1L'1A1H4
HCH,0H

lHI
CH3

HeHAT
-
/ NaOH, Acetone

X

Amlme

N,N-[-!1C]dimethylamiline
(ID)
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[0063] Iodomethane in acetone and a solution of N-me-
thylaniline containing sodium hydroxide 1n acetone at room
temperature were introduced via fused silica capillaries onto
the microfabricated mixing device. The eluate from the
device was analysed by HPLC and shown to contain N,N'-
dimethylaniline. [ C]lodomethane is used in the same way,
with heating of the device, to produce N,N[**C]dimethyla-
niline. Alternatively, ["'C]methyliriflate or nonaflate are
used to produce the same compound without heating the
device.

Example 3

Synthesis of L-3]"**Iliodotyrosine
10064 ]

1241

o
OH chloramine-T

NH
HO
[-Tyrosine

OH

NH
HO

12-41
1-3-['?*Tiodotyrosine

[0065] Aqueous solutions (containing 0.1M KH,PO,) of
10dide, chloramine-T and L-tyrosine were 1ntroduced onto a
microfabricated device containing a mixing chamber
(described in ref Gillies et al above) via fused silica capil-
laries using Kloher micro syringe pumps under computer
control at a flow rate of 50 ul per minute. The eluate from
the device was analysed by reverse phase HPLC and shown
to contain 10dotyrosine which was 1solated in pure form and
its 1dentity confirmed by mass spectrometry. The same
procedure is used with iodine-124 to produce L-3-['**I]
1odotyrosine.

Example 4

N-["'C]methylation of R(+)-7-chloro-8-hydroxy-3-
[1'Clmethyl-1-phenyl-2,3,4,5-tetrahydro-1H-3-ben-

Zazepine
10066 ]
Cl
N
‘ mNH?
F

oo NF e

c”  Hc—cH;l
-
Acetone

NEt,
RT
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-continued

NN N\

‘ N—1lcH,

Ho/ N

[0067] ["'C]Methyliodide in acetone was infused into one
microchip inlet while precursor (1 mg) solution in acetone
containing triethyl ether (2 ul) was infused, at an equal rate,
into the remaining inlet. The conversion was eifected at
room temperature and flow rates of 10 to 100 ¢l min™", using
methods analogous to those described 1n Example 2, giving
the product in under 1 minute and 1n 5 to 19% radiochemaical
yield (n=5). Characterisation of the product was provided by
mass spectrometry and nmir.

Example 5

N-[*'C]methylation of 2-pyridin-4-yl-quinoline-8-
carboxylic acid (2-methylaminoethyl)-amide

[0068]
LiAlH4/THEF
lco, »  [LiAl(OCH3)3(O''CH3)]
lI—I/HQO
= ‘
.
(\ N 11CH31
N\/ O ACEtTGnEF
i
HN
N\
= ‘
‘ X \N
N\/ O
NH
.--"""N\
11CH3

[0069] This conversion was affected at room temperature
at flow rates 10-100 ] min™", using methods analogues to
those described in Example 2. Reaction times were less than
one minute and radiochemical yields averaged 10% (n=2).
Product was characterized by referenced HPLC.
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What 1s claimed 1s:
1. Use of a microfabricated device for radiosynthesis.
2. Use of a microfabricated device for radiosynthesis of a
radiotracer suitable for use in PET.

3. Use according to claim 2 wherein the radiotracer
produced is labelled with *'C, *°F, or '*"I.

4. Use according to claim 2 wherein the radiotracer 1s

2-[**Flfluorodeoxyglucose or L-6-['*F]fluoro-DOPA.
5. Use according to claim 1 which comprises one or more

of the steps (1) to (vi) performed on a microfabricated
device:

(1) pretreatment of a radioactive reagent or a precursor;
(11) synthesis of a radiolabelling agent;

111) mixing and reaction of a radiolabelling agent with a
g g ag
precursor to produce a radiolabelled product;

(iv) chemical modification of a radiolabelled product;
(v) analysis of a radiolabelled product; and/or

(vi) separation of a radiolabelled product, from one or
more byproducts.
6. Use according to claim 5 wherein the radiolabelled

product produced is a radiotracer such as 2-[ “F]fluorode-
oxyglucose or L-6-[**F]fluoro-DOPA.

7. Use according to claim 5 wherein the radiolabelling
agent is selected from: [""'C]methane;

[**C]carbon dioxide;

['Clcarbon monoxide;

Oct. 13, 2003

["'CJRX, wherein R is selected from methyl, ethyl, n-pro-
pyl, 1-propyl, cyclopropyl, benzyl, cyclopentylmethyl,
cyclohexylmethyl, and fluoro or halo-analogues
thereof; and X is selected from halo, mesylate, tosylate,

triflate, nonatlate, nitrate, thiol, 1socyanate, lithium and
aldehyde;

RT™C]COC], RT"C]JCOOH, RT"C]JCH,OH, R["C]
COH, or RT"C]JCOR' where R' is selected from
methyl, ethyl, n-propyl, 1-propyl, cyclopropyl, benzyl,
cyclopentylmethyl, cyclohexylmethyl, and fluoro or
halo-analogues thereof;

['CICN;

T CICCly;

" (Clphosgene;
H(Clurea;

M (Cleyanogen bromide;
*Ffluoride; and

12T liodide.
8. A microfabricated device adapted to carry out one or
more of the steps 1n claim 5 comprising one or more of:

(1) microfabricated mixing and reaction device;
(i1) microfabricated analysis device; and/or

(i11) microfabricated separation device.

G ex x = e
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