
Glucose labeled with carbon-i 1, and 2-deoxyglu
cose labeled with either carbon-i 1 or fluorine-18, have
been used to measure local glucose metabolism in man
in conjunction with positron computed tomography
(1â€”6).2-[' 8F1Fluoro-2-deoxy-D-glucose has been used
for quantitating local cerebral glucose metabolism in

normal men (7), and in patients with stroke (8), Hun
tington's disease (9), seizure disorders (10), and schiz

ophrenia (I 1 ). It has also been used in audio and visual

stimulation studies (/2â€”15), and to a certain extent for
studying myocardial glucose metabolism (16).

Several synthetic routes have been reported for the
preparation of 2-fluoro-2-deoxy-D-glucose. PacÃ¡k and

coworkers used fluoride displacement with potassium
hydrogen fluoride on the anhydro sugar 1,6:2,3-di
anhydro-4-o-benzyl-f3-D-mannopyranose (1 7). Adamson
et al. used an electrophilic fluorination with trimo
romethylhypofluoride (CF3OF) to incorporate the flu
orine into 3,4,6,-tri-o-acetyl-D-glucal (18). The first

synthesis of F-i 8-labeled 2-fluoro-2-deoxy-D-glucose
was developed by Ido et al. (19) at Brookhaven National
Laboratories. This method involves the reaction of
3,4,6-tri-o-acetyl-D-glucal with [â€˜8F}F2.
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A need for multiple productions of 2-fluoro-2-
deoxy-D-glucose has led to the development of a remote
semiautomated production of this radiopharmaceutical
by two groups using the same reaction sequence (20,21).
Unfortunately, the generation of sufficient quantities of

the anhydrous [â€˜8F]F2needed for this synthesis can be
done only by institutions that have cyclotrons delivering
deuterons with energies higher than 6 MeV (22,23).
Anhydrous â€˜8Fcan be produced more easily by a cy
clotron or a reactor (24â€”26)and is more easily manip
ulated.

To date the only alternative synthesis for 2-'8FDG has
been proposed by Firnau*. This route calls for the pro
duction of Xe['8F]F2 from anhydrous â€˜8F and its re

action with 3,4,6-tri-o-acetyl-D-glucal, together with a
workup similar to that previously reported by Ido et al.
(19).

In this paper we report a new approach using the di
rect displacement of anhydrous [â€˜8F]fluoridet on the
13-methyl-mannopyranoside (1) (Fig. 1) followed by acid
hydrolysis to give 2-'8FDG with 10% yield (corrected for
decay) in a 180-mm preparation time. 2-[' 8F] Fluoro
2-deoxy-D-glucose prepared by this new method was
identified by TLCt and HPLC, and its biodistribution
was compared with that of 2-'8FDG produced by BNL
and shipped to MGH.
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We reporta new chemical routefor the preparationof 2-[18FJfIuoro-2-deoxy-D-
glucose(2-18FDG)usinganhydrous[18F]fluorideproducedby the 20Ne(d,a)18Fre
action. The anhydrous 18F is reacted with a previously prepared precursor, meth
yI 4,6-o-benzylldene-3-o-methyl-2-O-trlfluoromethanesulfonyl-f3-D-mannopyrano
side, in dimethyl formamlde or hexamethylphosphoric trlamlde. The correspondIng
fiuoro-deoxy-glucosederivative,upontreatmentwith borontrlbromideor concen
trated hydrochloricacid,yields2-18FDGIn 10% (overall) yield.The substratewas
characterized by thin-layer chromatography (ThC), and high-performance liquid
chromatography(HPLC). Blodistributlonstudieswere performedIn mice, and
Imaging studIes In dogs.
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MATERIAL AND METHODS

â€˜8Fâ€”Neonwasbombardedwitha 6.5-MeVdeuteron
beam for 30 mm at 50 @sAto produce 20-30 mCi of an
hydrous H'8F. This was trapped from the rapidly cir
culated gases on a silver-wool plug coated with cesium
fluoride (27).

Methyl 4,6-o-benzylidene-3-o-methyl-2-O-trifluo
romethanesulfonyl-f3-D-mannopyranoside (2). Methyl

4,6-o-benzylidene-3-O-methyl-f3-D-mannopyranoside

(324 mg, I .09 mmole) prepared according to literature
procedures, (28,29) was dissolved in methylene chloride

(10 ml) and pyridine (0.5 ml), and cooled to â€”15Â°C
under nitrogen. Trifluoromethane-sulfonic anhydride
(0. 19 ml, 1.15 mmole) in methylene chloride (2 ml) was
slowly added. The mixture was reacted for 90 mm at

room temperature, then washed with cold iO% sodium
bicarbonate solution. The organic layer was dried and

the solvent was evaporated under vacuum. The solid was

crystallized from 60% ether in hexane to give (2) 380 mg
(89%), m.p. 113Â°; mass spec. m/z 428. â€˜H-NMR
(CDCI3, Ã´,ppm), 7.50â€”7.34(m, 5H, aromatic), 5.58 (s,
1H, benzylidenic), 5.14 (d, iH, Hâ€”2, J=3H@), 4.53 (s,
iH, Hâ€”i), 4.36â€”3.36(m, 5H, Hâ€”3, 4, 5, 6), 3.56, 3.53
(S.OMe groups), anal. cal. for C16H1@SF3O8,C = 44.86,
H = 4.25, S = 7.47; Found: C = 45.01, H 4.42, S
7.43.

Production of methyl 4,6-o-benzylidene-2-[18F]flu

oro-2-deoxy-3-O-methyl-f3-D-glucopyranoside (3): (a)

The CsH['8F]F2 was reacted for 25 mm with methyl
4,6-o-benzylidene-3-o-methyl-2-O-trifluoromethan

esulfonyl-/3-D-mannopyranoside (2) (26 mg) in 1 ml of

freshly distilled dimethyl formamide (CaH2) in a reac

tion vial immersed in an oil bath at 130Â°C.The solvent
was evaporated and ether and water added. The ether
solution was separated, washed twice with water, dried

(Na2SO4), and evaporated under a stream of nitrogen
to give methyl 4,6-o-benzylidene-2-[' 8F]fluoro-2-
deoxy-3-O-methyl-f3-D-glucopyranoside (3) in over 30%
yield. (b) The triflate (2) was reacted with CsH['8F]F2

(7.2 mCi) at i30Â° for 25 mm in freshly distilled (mo

lecular sieve) hexamethylphosphoric triamide (HMPA).
The HMPA mixture was extracted with ether, the eth
eral solution was washed with water, dried (Na2SO4)
and evaporated to give (i.5 mCi, 30% of the activity) the
fluorinated deoxyglucopyranoside.

2-[18F]Fluoro-2-deoxy-D-glucose and other products.
Hydrolysis. The â€˜8F-glucopyranosidederivative (3) was
hydrolyzed with the following reagents and the products
isolated by column chromatography.

A. Trifluoroacetic acid (TFA). Five milliliters of 60%
TFA were added and the mixture heated for 30 mm at
50Â°C.From the hydrolyzate only one product could be
identified, compound (4), r@ 0.56.

B. p-Toluene sulfonic acid (p-TSA). Three ml of 10%
p-TSA were added and the tube was sealed. The mixture
was allowed to stand for 30 mm at 160Â°C. The main

product identified was 1,3-O-dimethyl-2-['8F]fluoro

2-deoxy-D-glucose (4), rf = 0.56. Similar treatment with
50% p-TSA for 30 mm at 120Â°C gave only 3-0-

methyl-2-[' 8F]fluoro-2-deoxy-D-glucose (5), r@= 0.5.
C. Boron trichloride. Compound (3) was reacted with

5 ml boron trichloride ( 1 M in methylene chloride) at
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room temperature for 30 mm. Three compounds were
obtained. The starting material (3), rf = 0.65, (5), rf =
0.5, and 2-'8FDG, r@= 0.40. The radiochemical yield of
2-'8FDG was poor (1-2%). A modificationâ€”using 5 ml
boron trichloride (1 M in methylene chloride in a pres
sure vessel heated in an oil bath for 45 mm at
130Â°Câ€”produced two compounds: 5 (40%) and 6
(60%).

D. Concentrated hydrochloric acid. One ml of HC1
was added to the ether extract (3) and the tube was
sealed. The mixture was hydrolyzed for 45 mm at 125Â°C
to give 5 (40%) and 6 (60%).

E. Boron tribromide. Three ml boron tribromide (2
M in methylene chloride) were added to 3. The mixture
was allowed to stand 30 mm at room temperature. Two
products were obtained: 5 (10%) and 6 (90%).

Column chromatography.Each hydrolyzate was
cooled, evaporated, dissolved in water, heated for five
more mm and neutralized (50% NaOH), reconcentrated,
and taken up in 2 ml of aqueous acetonitrile (0.2 ml H2O
in 100 ml CH3CN). The solution was then placed on a

column (0.75 X 30 cm) containing a dry mixture (1:1)
of silica gel and alumina. The column was eluted with
10 ml of water-acetonitrile (0.2:100) and the purified
2-'8FDG was eluted in the following 20 ml of water
acetonitrile (5:95). The eluate was evaporated to dryness,
saline added, and the solution sterilized by passing
through a 0.22-es Millipore filter. The overall yield of
2-18FDG was 10% (200-900 DCi), (sp. act. 100 mCi/
mg).

Characterizationof 2-'8FDG.The purityof the 2-
â€˜8FDGwas ascertained using TLC (eluent CH3CN:
H20, 85:15, v/v) and HPLC (Lichrosorb-NH2 columns
30 cm X 0.6 cm; eluent CH3CN:H20 95:5 v/v; at 660
psi, 2.5 mI/mm). Compound 6 was chromatographed

with samples of 2-'8FDG obtained from BNL. The cx

perimental and BNL samples gave the same values
(TLC rf = 0.40; HPLC residence time 5.5 mm).

Animalexperiments.Mice. 2-['8FJFluoro-2-deoxy
D-glucose in saline (3â€”5 @Ciin 0.1 ml) was injected into
groups of six CD-i Fisher Mice (Charles River strain)
through a tail vein. At the desired time after injection,
the mice were killed by cervical fracture. The organs and
tissues were excised, rinsed, blotted to remove adhering

blood, and weighed. They were then counted in a gamma
well scintillation counter and the activity corrected for
decay.

RESULTS AND DISCUSSION

The current synthesis of 2-'8FDG (1 ,2) relies on the
preparation of [â€˜8F]F2gas. The reported radiochemical
yield of this important agent is 10â€”12%.The recently
proposed alternative using Xe['8F]F2 for fluorine sat
uration of 3,4,6-tri-o-acetyl-D-glucal has a preliminary
yield of 1%.

In this work we describe a new synthetic approach for
producing 2-'8FDG (Fig. 1) using â€˜8Fion, which is
easier to prepare than either elemental [â€˜8F]F2gas or
Xe-['8F]F2. The sugar derivative (1) prepared according
to the literature procedure in a five-step synthesis
(28,29) is reacted with triflic anhydride to give (2) (20%
overall yield).

The nucleophilic displacement on the triflate deriva
tive (2) with [â€˜8F]fluorideis a reasonably facile process,
giving the fluorinated intermediate 3 with inversion of
configuration at the reaction center in relatively good
yield (30%).

2-['8F] Fluoro-2-deoxy-D-glucose was prepared by
subsequent hydrolysis of the fluorinated intermediate

(3) under relatively drastic conditions. Evidently the
electronegative effect of the fluorine atom at carbon-2
affects the electron density of the neighbor atoms by
decreasing the ease of protonation of the oxygen at car
bon-3. Five hydrolysis processes were tried. Hydrolysis
of 3 with 60% trifluoro acetic acid gave mainly 4, and
with 50% p-TSA mainly 5, whereas with concentrated
HC1 it gave 5 and 6 in 2 to 3 ratio.

Boron trichloride (methylene chloride) generated
partially protected compound 5, together with the de
sired compound 6. However, the use of boron trichloride
in a pressure vessel at 120Â°for 40 mm gave 2-'8FDG as

the main product of hydrolysis (see methods). This
procedure gave different yields for each experiment and
there was unexplained activity loss. This hydrolysis af
fected some of the sugar activity, but the yield of this step
was still reasonable.

The most promising process used boron tribromide in
methylene chloride to give 2-'8FDG in over 90% yield,
together with 3-0-methyl-2-'8FDG. 5 as an impurity
(10%).

2-['8F] Fluoro-2-deoxy-D-glucose produced through
this chemical route was identified by comparing its rf on
TLC, its residence time on HPLC, and its biodistribution
in mice with data obtained using 2-'8FDG produced by

BNL and flown to MGH. Table I represents the bio
distribution results in mice at 30 and 60 mm compared
with literature values (30).

Positron-camera tomographic studies of the normal
dog using the 2-18FDG synthesized were comparable
with results previously published (31).

Improvement and automation of this new route for the
preparation of 2-'8FDG will enable multiple productions

of this agent in many institutions on a routine basis.

FOOTNOTES

* Firnau G. Preparation of [F-18] labeled 2-deoxy-2-fluoro-D-

glucose with [F-l8]-XeF2, presented First Annual Conjoint Winter
Meeting Society of Nucl. Med., New Orleans, February 7, 1981.

t [â€˜8F]fluoridewas trap@ on CsF.
* Silica gel on aluminum, Merck. Eluent CH3CN : H2O (85:15).
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Blood
Brain
Liver
Spleen
Lung
Heart
Kidney
Bone
Muscle
Bladder

1.14Â±0.48
6.15 Â±1.94
1.36 Â±0.52
1.52 Â±0.37
2.45 Â±0.60

22.27 :1:7.30
1.51 Â±0.51
1.41 Â±0.64
2.32 Â±1.16

14.41 Â±12.55

0.89 Â±0.11
5.31 Â±0.94
1.10 Â±0.07
1.94 Â±0.18
2.45 Â±0.03

32.7 Â±8.6
2.09 Â±0.54
1.85 Â±0.38
3.21 Â±0.43

0.31 Â±0.13
4.87 Â±1.05
0.86 Â±0.16
1.37 Â±0.21
2.08 Â±0.18

18.08 Â±7.03
0.64 Â±0.10
1.40 Â±0.49
3.63 Â±1.17
9.17 Â±8.33

0.55Â±0.10
4.57 Â±0.75
0.82 Â±0.08
1.88 Â±0.34
2.53 Â±0.23

31.66 Â±2.66
1.14 Â±0.11
2.75 Â±0.58
4.01 Â±0.54

â€M̃eans Â±s.d.

t Brookhaven National Labs data (J NucI Med 18, 990â€”996, 1977).
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GeorgeSimonMemorialFellowshipAward
The FourthAnnualGeorge Simon MemorialFellowshipAward, given by the FleischnerSocietyfor the best submftted
workrelatingtothe imagingof the respiratorysystem,hasbeen givento H. DirkSostmanof Yale Universityfor hispaper
â€œExperimentalStudies with â€˜â€œIndiumLabeled Platelets in Pulmonary Embolism.â€•

Entriesfor the FifthGeorgeSimonAwardare nowbeingaccepted.The papercan representthe workof morethan one
investigator,buttheseniorauthorshouldbetheapplicantandresponsibleforthemajorityofthework.Applicantsshould
be no older than 40 years. Papers which have been published or submitted elsewhere are not eligible. The award con
sists of an all-expense-paid trip to the 1983 Fleischner Society Meeting, New York City in May, plus a cash prize. All
submissionsmustbe in the form of a completescientificpaper, not longerthan 25 pages(doublespaced)and should
be sent in triplicate to:

RichardH. Greenspan,MD
Dept. of DiagnosticRadiology

Yale UniversitySchoolof Medicine
333 Cedar Street

New Haven, CT 06510

Papers must be sent on or before January 1, 1983

16thAnnualHawaii InternationalConference
on SystemSciences

January 5-7, 1983 Honolulu, Hawaii

The Universityof Hawaiiand the Universityof SouthwesternLouisianain cooperationwith the Associationof Com
puting Machinery (ACM)andthe IEEEComputerSocietyaresponsoringthe 16thAnnual Hawaii InternationalCon
ferenceon SystemSciencesto beheldJanuary5-7, 1983in Honolulu,Hawaii.Sessionson MedicalInformationProc
essingare includedand paperswill be presented.Sometopics addressedwill be:

Medical risk analysis.
Computersand the handicapped.
Graphicsapplications in medicine.
Technology transfer and impact.

Formore information,contact:

Dr. Bruce Shriver, Dr. Thomas Cousins,or Dr. Terry Walker
ComputerScienceDepartment

University of Southwestern Louisiana
P0 Box 44330

Lafayette,LA 70504




