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VII. 1. Automated Preparation of [ISF]FRP-170 as a Hypoxic Cell
Marker for Clinical PET Studies

Ishikawa Y., Morita M. *, Furumoto S.**, Takai Y.***, and Iwata R.

Cyclotron and Radioisotope center, Tohoku University
Graduate School of Engineering, Tohoku University
Institute of Development, Aging and Cancer, Tohoku University”
University Hospital, Tohoku University”

2-Nitoroimidazoles have high reduction potential and radiosensitizing activity.
Since reduction of the nitro group in the molecule leads to selective binding and retention in
hypoxic cells, F-18 labeled 2-nitroimiodazole analogs such as [ FIFMISO"?,
['*Ffluoroetanidazole”, ["*FIEF1* and [18F]EF55) are expected to be a good candidate for
imaging tumor hypoxia by positron emission tomography (PET). Fluorine-18 labeled
FRP-170 (['"®*F]FRP-170) was developed by modification of RP-170%, a radiosensitizer of
POLA Chem.”, and evaluated as a new imaging agent for hypoxia at Tohoku Universityg).
For applying this potential radiopharmaceutical to routine clinical diagnosis by PET an
automated system was developed in this study.

The synthetic procedure (see Fig. 1) consisted of (1) separation of ['*F]fluoride from
the target water, (2) drying the aqueous mixture of Kryptofix 222 and ['"*F]IKF by
evaporation, (3) reaction with the precursor in DMF, (4) purification of the intermediate
product by solid-phase extraction, (5) deprotection of the purified product by base
hydrolysis and (6) final purification by high performance liquid chromatography (HPLC).
They were modified or simplified to adapt to automation as follows:

Frequently used procedures of addition of liquid reagents, transfer of reaction
solutions and evaporation of solvents were automated by sensing the change in He flow”.
As seen in Fig. 2 the He flow was markedly changed according to the vapor pressure in the
reaction vessel during evaporation or the presence of liquid in the tube and thus completion
of each process could be detected without requiring a manual interruption.

An original glass reaction vessel was substituted for a small round bottom flask with

thin walls (10 mL, Wheaton) to reduce the time for azeotopic distillation of
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water-acetonitrile. This was also useful for preventing the contamination of carrier
fluoride derived from the plastic cap and sealing O-ring used for the original vessel.

On-column hydrolysis using a Sep-Pak C18 cartridge was introduced to simplify the
procedure. The protected intermediate product retained by the cartridge was hydrolyzed
on-column by filling with the NaOH solution and thus second vessel for this reaction could
be omitted. It can be seen from Fig. 3 that the on-column method requires a much higher
concentration of NaOH whereas it is efficiently hydrolyzed even with 0.1 M NaOH by the
conventional vessel method. A 0.5 M concentration of NaOH was adopted. After
hydrolysis the cartridge was first washed with water and then the deprotected product was
eluted with an appropriate solvent.

Elution of ['®F]FRP-170 from the C18 cartridge was optimized. In order to
simplify the procedure the solvent used for the elution was directed to an HPLC column.
In general, a product retained by the C18 cartridge is more efficiently eluted with a lower
polar solvent. However, this lower solvent, if injected onto an HPLC column for
subsequent separation, may spoil the separation by leading compounds together. This is
clearly demonstrated in Fig. 4. Only the solvent of <15% MeCN contents provides a
satisfactory separation between ['*F]FRP-170 and an undesired non-radioactive by-product.
Using a 2 mL portion of this solvent system, the ['"*F]JFRP-170 was eluted only in 30%
efficiencies from the Sep-Pak. The elution efficiency was twice improved with a 1 ml
portion of the solvent system of water-MeCN (70:30) followed by a 1 mL portion of water.

A commercial automated synthesis system, F121 (Sumitomo Heavy Industries), was
adapted to the automated preparation of ['"*F]JFRP-170 (see Figs. 5 and 6). Using the
automated system ['"*F]FRP-170 was prepared in decay-corrected radiochemical yields of
15-20% within 50 min. The method developed in the present study was also demonstrated
to be simple and reliable enough to carry out the reproducible production of ['"*F]FRP-170

for routine use.
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Fig. 1. A synthetic scheme of [IXF]FRP-17O from [ISF]fluoride.
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Fig. 2. A typical He flow change during the automated preparation.

% : completion of evaporation
v : completion of addition
#: completion of passage
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Fig. 3. Dependence of base hydrolysis on NaOH concentration.
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Fig. 4. Effects of polarity of sample solvent on separation profiles of ['*F]FRP-170 from the by-product.

e Column: YMC ODS-A-324
e Solvent: MeCN-H20 (12:88), 4.0 mL/min
e UV:280nm
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Fig. 6. A flow diagram of an automated system for ["*F]FRP-170

145




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


